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+ S sbd-105 
+ 'Cy 'In(3R)C,e 

w Bl^ _e (EMS treated as described) 
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FIGURE 3.-Procedure for screening meiotic mutants allelic 
to sbd-105. Star (^) = a dominant which affects the eye size 
and texture, it acts as a recessive lethal, located at 1.5 
on the second chromosome. Bristle (Bl) = a dominant which 
shortens the bristles on the thorax and acts as a recessive 
lethal located at 56.5 on the second chromosome. = a 
balancer already described. In(3R)C, el(e) = a 3rd chro­
mosome balancer for the right arm which contains ebony (e^) 
and a lethal near ebony. T (1;2) = a translocation involving 
the X and second chromosome. This translocation has no 
properties to prevent crossing over but is used in males 
where there is 100% segregation of the Y chromosome with 
the double mutant chromosome S, Bl. 
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14 to 17 days, and the resulting offspring are examined and 

recorded. There are two criteria for the detection of a 

meiotic mutant, lack of recombination and/or non-disjunction 

of the X-chromosomes. Since the translocation male parents 

contribute either a sperm with a Y-chromosome and the 

dominant markers ̂  and or a T Q? 2) sperm free of dominant 

markers, detection of a meiotic mutant based on lack of 

recombination will be signaled by the absence of S,Bl or wild 

type females and/or an absence of males. Non-disjunction 

will be detected by the production of £ or ̂  XO males; if 

non-disjunction occurs concomitantly with recombination, wild 

type 2Ç0 males will be found. 

Substituting c3G for sbd-105 and In(3LR)D, CxF for 

In(3R)C e, 1(e) in Figure 3 yields the other experimental 

group. Dichaete (D) is a visible mutant which can easily be 

identified. The same procedure is used throughout the two 

groups and includes the use of males treated simultaneously 

with the same batch of EMS. 

The controls for this cross were made for comparative 

purposes. Females which were S/Cy were mated to treated and 

untreated Bl/Cy males. This procedure gave an indication of 

what effects might be generally attributable to EMS working 

on the genome. Another control was used to test the scheme 

itself and to establish the results which would be expected 

from the induction of a meiotic mutant. In this case, males 
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which were B1/+; C3G/C3G were crossed to S/+;c3G/c3G females; 

the ^ and Bl^ females homozygous for c3G were mated to the 

same translocation males as used experimentally, and the 

progeny scored. 
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RESULTS AND DISCUSSION 

Dosage Effects 

Tables 1 through 4 compare the non-disjunctional and 

recombinational properties of the various genotypes involving 

c3G*, c3G, and sbd-105. The purpose of this study was to 

vary doses of each of the above alleles to achieve a greater 

variation in their effects. This was accomplished with 

results that are represented in these tables. The over­

all results of these studies can be summarized as follows; 

Each region of both chromosomes (X and second) has a specific 

sensitivity to these gene doses. Both the proximal region 

of the X-chromosome, and especially the region on the distal 

right arm of the second, show no sensitivity to any allele 

in any dose except when in c3G homozygotes. There does not 

appear to be a correlation between enhancement of recombination 

and a decrease in non-disjunction. 

Table 1 shows the effects when an enhancer of recombina­

tion (Curly inversion), and an inhibitor of exchange (sbd-105) 

are in the same female. The data indicate an apparent 

cancellation of the two opposing effects. This is seen for 

both total map distance and in the frequency of multiple 

exchanges. The only significant change in map distance is 

observed with the sbd-105 deficiency in the region between 

vermilion (v) and fork (^), which is negated upon the addition 



TABLE 1 

The recombinational effects of sbd-105, Df (3R)sbd-105, sbd-105 bx sr 

and Cy In(2LR)SM5, al^ Cy It^ cn^ sp^ on the X-chromosome. 

Genotype of the female % Recombination 1 (regions)^ Frequency 
To ta 1 multiple 

I II III males I II III Total exchanges 

y ct^v f.y+ ±/± +/+ 712 13.8 21.4 10.7 45.9 .028 

Y + + + 
+/sbd-105 393 12.4 16.8* 8.2 37.4* .010 

ÇY/+ ±/± 878 13.7 20.0 12.7 46.4 .058 

+/sbd-105 697 13.2 21.6 8.6 43.4 .030 

* Significant at the 5% level. 

® I = j^-v, II = v-^, III :: f^-centromere. 



TABLE 2 

Non-disjunctional effects of sbd-105, Df (3R)sbd-105, pfsbd-105 bx pr 

and Cy, In(2LR)SM5, al^Cy It^cn^sp^ on the X-chromosome. 

Genotype of the female 
Tota 1 Total Frequency of 

I II III ma les exceptions non-disjunction^ 

Y Ct^V f'V* +/+ +/+ 712 0 0.0 
y + + + 

+/sbd-105 395 2 0.0204 

CY/± ±/± 881 3 0.0133 

±/3Mz1Q5. 7 02 5 0.0285 

® Calculated by the expression XO , multiplied by 4. 
S XX + 3XY + SXXY + CXO 



TABLE 3 

The recombinationa1 effects of c3G and sbd-105 and their normal allele, on 

the second chromosome when in the diploid and hyperploid condition. 

Genotype of the female Total % Recombination (regions)® 

I II III I II III Total 

±/± B-19/+ ±/± 1048 8.5 13.6 32.9 55.0 

+/C3G 732 5.3* 17.0 35.0 57.3 

+/sbd-105 1057 5.1** 12.0 31.7 48.8** 

c3G/c3G 634 0.6** 0.6** 0.2** 1.4** 

DE/± B—19/+ +/+ 540 7.9 13.9 33.5 55.3 

+/c3G 379 3.4** 10.6 35.1 49.1 

+/sbd-105 786 5.6 12.4 36.4 54.4 

C3G/C3G 241 14.1** 27.4** 33.6 75.1** 

298 12.4* 22.5** 28.2 63.1* 

* Significant at the 5% level. 

** Significant at the 1% level. 

® I = b-lt, II = It-wxt, III = wxt-bw. 
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TABLE 4 

A comparison of interference in the centromere 

region of the second chromosome. 

Frequency of single exchanges 

Genotype of the female b-lt It-wxt ca 

±/± 0.0706 0.1059 0.89 

+/c3G 0.0342 0.1516 1.68 

+/sbd-105 0.0407 0.0946 2.90 

+/+/c3G 0.0237 0.0849 5.30 

+/+/sbd-105 0.0496 0.0978 1.10 

+/c3G/sbd-105 0.0872 0.1678 1.39 

+/c3G/c3G 0.0871 0.1784 2.90 

® C = frequency of double exchanges/frequency of expected 
double exchanges. 
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of the Curly inversion. The results in Table 2 seem to be 

additive, rather than offsetting, since non-disjunction 

increases slightly in the compound Cv;sbd-105 females in 

proportion to or sbd-105 alone. Even though these results 

are based on a small sample, they still indicate no direct 

correlation between non-disjunction and recombination. 

In Table 3 the recombination frequencies for the second 

chromosome are represented. The most consistent measure of 

linkage comes within the third region (wxt and W) where all 

genotypes give similar results. The only exception to this 

is the homozygous c3G females, and in this genotype, recom­

bination is essentially a missing characteristic of meiosis. 

Note also the similarity between the wild type control 

(c3G^yc3G^) and the wild type hyperploid (Dp/c3G^/c3G*) with 

respect to the exchange frequencies. Such a result rules out 

any effect caused by the duplication itself, and it must be 

assumed that 3 doses of c3G^^ have no more influence over 

recombination, than does its diploid counterpart. Slight 

deviations from the control (c3G^/c3G^) are ceon for both 

c3G^/c3G and c3G^/sbd-105. Even a greater change for region 

one can be seen for the genotype Dp/c3G*/c3G. In all three 

of these cases a reduction of recombinant types for region 

one is apparent. This is not expected on the basis of the 

earlier work of HINTON (1966) where heterozygosity for c3G 

always increased recombination values slightly. 
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Table 4 compares regions one and two in terms of 

interference. When the coefficient of coincidence (C) for 

various genotypes found in Table 3 are compared, a direct 

correlation of high negative interference with a reduction of 

map distance in region one, is seen. For example, the 

genotype Dp/c3G^/c3G has a recombination value of only 3.4, 

but it has a high value for negative interference, (C=5.30). 

One interpretation that can be given is that most single 

exchanges involving region one produce a lethal effect. 

Only if such an exchange is accompanied by a similar one in 

region two, will this lethality be avoided. This hypothesis 

is similar to that given by DYER (1969). He synthesized a 

purple-light (pr-lt) chromosome from pr (54.5) and (55.0) 

stocks. He found the homozygous double mutant to be lowered 

in viability. In addition he made a lightoid-cinnabar 

(ltd-cn) combination from the individual stocks (ltd = 55.0 

and cn = 57.5) and from this stock and the pr-lt stock he 

derived a quadruply marked stock (pr It ltd cn) by recombi­

nation. The quadruply marked stock had greater viability 

than the pr-lt one. He hypothesized that crossing over to 

either side of the centromere produced an imbalance by causing 

gains or losses in heterochromatin, which in turn lowered the 

viability of the single exchange zygote. Therefore, it is 

possible that the data described in Tables 3 and 4 do not 
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represent a change in cross-over frequency, but rather an 

abnormal breakage phenomenon due to properties of the 

heterochromation itself. 

If we now assume the low values of recombination in 

region one to be due to a property of the second chromosome 

itself, then the only significant changes from the wild type 

control fc3G^/c3G*) are in the genotypes, Dp/c3G/c3G and 

Dp/c3G/sbd-105, and of course, also includes homozygous c3G 

and the heterozygous sbd-105, both of whose genotypes have 

been well studied. It is interesting to note that the 

heterozygous c3G used in this study had little effect on 

recombination enhancement, but again this can be attributed 

to the peculiar property of the second chromosome. The 

reduction of recombination to a value of 5.3 is significant 

when statistically analyzed, yet HINTON (1966) found only 

increases in recombination values when such a genotype was 

studied. The hyperploid genotypes having two doses of c3G 

or one each of c3G and sbd-105, however, have exchange 

frequencies significantly increased in both regions one and 

two. If there is an inviability factor involving region one 

on the second chromosome, it is not enough to prevent a 

substantial increase in these values. 

Another factor not recorded in Table 3 is the infertility 

of certain genotypes. The diploid females found in this table 

had no fertility difficulties as evidenced by the numbers 
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analyzed. However, the Dp/c3G/c3G and Dp/c3G/sbd-105 females 

were 80 and 70 percent sterile, respectively. This high 

incidence of sterile females was only seen in these two 

genotypes involving the duplication; therefore, sterility 

cannot be assigned to genie imbalance alone. The same 

genotypes that give a high frequency of recombination do not 

have any great change in disjunctional characteristics as 

seen in Table 5. Only the homozygous c3G gives an abnormally 

high rate of non-disjunction (20%). All other genotypes give 

a figure lower by a factor of almost ten or more. 

Before analyzing the data given for dosage effects of 

c3G, one further observation should be noted. Given in a 

previous section was the breeding procedure for procuring 

individuals of the genotype Dp/sbd-105/sbd-105. While 

working with the duplication Dp (3 ;1)05, it was found that a 

Dp/sbd-105/Df(3R)D female or male was viable and fertile, 

despite the fact tha^ Df(3R)D is a more extensive deficiency. 

Yet not one Dp/sbd-105/sbd-105 fly was produced after many 

attempts. It was reasoned that a lethal, not covered by the 

duplication, was present in the right arm of the third 

chromosome. By using a recombinant type sbd-105,(sbd-105R) 

chromosome (i.e., those whose ebony-sooty marker was replaced 

with e^)/ Dp/sbd-105/sbd-105 genotypes were produced in small 

numbers. The individuals with this genetic constitution 

were, however, infertile and mostly inviable. The few which 



TABLE 5 

Non-disjunctional, effects of c3G and sbd-105 on the X-chromosome 

when in the diploid or hvperploid condition. 

Genotype of the female 
Total Total Frequency of 

H III males exceptions non-disjunetion^ 

±/± B-19/+ 

Dp/+ B-19/+ 

±/± 

+/c3G 

+/sbd-105 

c3G/c3G 

±/± 
+/c3G 

+/sbd-105 

C3G/C3G 

C3G/sbd-105 

3049 4 0.0026 

1297 0 0.0 

397 4 0.0201 

430 44 0.2040 

882 0 0.0 

982 2 0.0041 

2141 1 0.0009 

441 5 0.0227 

245 1 0.0082 

3 Calculated by the expression, 2?XXY + SXO , multiplied by 2. 
SXXY + SXO + 2XX + TXY 
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gave offspring showed that recombination was possible in such 

a female, but because of the paucity of data it cannot fairly 

be compared to other genotypes; thus it is not represented in 

any of the tables. 

In order to analyze the data presented up to this point, 

a review of what is known about c3G is required. The studies 

on this gene (GOWEN 1933; HINTON 1965) have shown that c3G, 

when homozygous, effectively inhibits recombination, con­

comitantly increases non-disjunction, and when heterozygous 

this gene increases recombination in the X-chromosome. 

Furthermore, the deficiency, Df (3R)sbd-105, reduces recombi-

national values by about 30% for the entire X-chromosome 

with most of the inhibition confined to the distal end. 

These regional differences have been called a polarization of 

recombination. The interchromosomal effect and the enhancer 

effect of the c3G heterozygote, together are additive. 

HINTON proposed that c3G is a partially active allele of 

c3G^T in genetic terms this is referred to as a hypomorph, 

and in contrast the deficiency for this gene (sbd-105) would 

be an amorph (i.e., not active). He postulated that "... 

C3G/+ evokes a degree of synapsis closer to the optimum for 

maximum exchange than either sbd-105/+ or C3G'*"/C3G'*"." KING 

(1970) offered an alternative which in essence viewed c3G 

as an amorph, and postulated another closely linked gene (_t) , 
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that produced a desynapsing effect in the sbd-105 hétérozy­

gote. Returning to the data presented here, a critical 

analysis of this gene will be made. 

As seen in Table 1, sbd-105 reduces the interchromosomal 

effect of the Curly inversion or vice versa. The two cancel 

each other and this gives further insight into the role that 

c3G plays in recombination. First of all, it supports the 

contention that the meiotic behavior of c3G and sbd-105 can 

be explained by different gene strengths, and it is not 

necessary to postulate other closely linked genes. HINTON 

(1966) did show that Curly (SM5) enhanced the effect of c3G 

heterozygotes in promoting recombination on the X-chromosome; 

the mutant sbd-105, being an amorph of c3G*, cancels the 

interchromosomal effect. If two or more genes were amorphic 

in this deficiency, it is unlikely that the Curly inversion 

could suppress the negative effects produced by both amorphs. 

A simple increase in time of pairing would be one way to 

explain the effects of increased crossing over in c3G hetero­

zygotes and to produce the interchromosomal effect. In an 

inversion heterozygote, there might be a delay in the uncoupling 

mechanism of all paired homologs for reasons as yet not 

clearly perceived or defined. With a delay in desynapsis one 

might then expect to find an increase in recombination. The 

enhancing effect of c3G also could relate directly to the 

delayed breakdown of the synaptonemal complex, the degradation 

of this protein structure depending upon the strength of the 
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c3G allele involved. If there was not enough gene product, 

the structure would not form (c3G/c3G), but too much might 

limit its stability, and would lead to a premature breakdown. 

Slightly less product would prolong pairing, making the 

enhancement of recombination a time-related phenomenon. 

To advance our understanding of this gene further, we 

need only to look at Table 3. The great stimulation of 

genetic exchange can definitely be seen when c3G is in two 

of three gene doses. By calculating a simple dosage relation 

for these genes, we would assume a slightly lowered gene 

product in the c3G diploid heterozygote. However, simple 

dosage effects can be ruled out in this case, partly because 

the results seen in Table 3 do not follow such a system. It 

will be recalled that the genotype Dp/c3G/sbd-105 had a much 

greater increment of increased exchange for chromosome two 

than did the comparable c3G/+ genotype. Yet based on the 

fact that the deficient chromosome would act as an amorph, 

the two genetic constitutions should be equivalent in the 

amount of gene product produced. Another study sheds even 

more light on this puzzling situation. GOWEN (1933) 

laboriously varied dosages of c3G using triploid stocks. 

His results show, at best, only a very slight enhancement of 

recombination in the third chromosome when c3G is in two of 

three doses. A comparison with REDFIELD'S (1930) data, also 

using the third chromosome, showed very nearly the same 
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pattern of recombination frequencies. It could always be 

argued, that because of the peculiar pattern of chromatid 

exchange distribution found in triploids, detection of 

enhancement due to two doses of c3G is impossible. Never­

theless, there is a definite difference due to the two 

genotypes (Dp/c3G/c3G and Dp/c3G/sbd-105). This difference 

seems to reflect the chromosomal nuance in the hyperploid, 

and this is due to three c3G alleles versus a normal 

complement of X-chromosome genes (i.e., two alleles for 

each gene in the female). Later this will be brought up 

again when more evidence is presented for the implication 

of genie balance in the behavior of this gene. 

SANDLER et al. (1968) point out the salient fact that 

the relative degree of exchange in a region of a chromosome 

is directly related to interference. They say this is 

because in all cases where preconditions for exchange are 

not met, the number of double exchanges will diminish 

proportionately with single exchanges in that region. In 

other words, if the probability of exchange itself is altered, 

the coefficient of coincidence will not change, but the map 

distance would. On the other hand, a mutant altering the 

preconditions of pairing (i.e., node distribution) would 

change both the map distance and interference values. Thus, 

if pairing is enhanced, the coefficient of coincidence 
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TABLE 6 

The relationship of map distance to interference. 

c3G genotype of female 

Total map distance 

b to bw ca 

±/± 55.0 0.807 

+/sbd-105 48.0 0.609 

+/c3G/sbd-105 63.1 0.901 

+/c3G/C3G 75.1 1.380 

^ The two regions used to measure double exchanges was black 
(b) to waxtex (wxt) and from waxtex (wxt) to brown (bw). 

increases. Conversely, if pairing is suppressed the 

interference would increase. Here we have an excellent 

opportunity to test c3G against such a hypothesis. Table 

6 depicts the relationship between map distance and any such 

change in the coefficient of coincidence (C). The results 

are evident when the two relatively equal areas of the second 

chromosome (b-wxt and wxt-bw) are used. The relationship, 

comparing map distance to interference, is almost linear. 

From this comparison c3G must effect the preconditions for 

exchange. This bears out the relationship between the 

interchrorciosomal effect and c3G mentioned earlier; 

enhancement of each of these (inversions vs. the c3G 

heterozygote) lowers interference. Also, it could have been 
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predicted since c3G somehow controls the formation of the 

synaptonemal complex. More than this, one can be certain 

that the phenomenon of pairing is not all or none, otherwise, 

the relationship would not be linear. Going further with 

the discussion by SANDLER et al., we must assume that the 

probability for exchange is unity for any pairing 

circumstance. The efficiency of pairing, also, could be a 

determining factor and not just the length of time homologs 

would be paired; thus, revoking the duration of pairing as 

a sole explanation for enhancement of recombination seen in 

Table 3. It might be noted that the greatest effect in 

increasing recombination (or suppressing it) is confined to 

certain areas of the genome. That portion most sensitive to 

change is found in the distal part of the X-chromosome. 

Earlier the work by MOENS (1969) was reviewed where he 

described the synaptonemal complex and its formation. He 

stated that the chromosomes were attached to the nuclear 

envelope by their ends, and the synaptonemal complex, starting 

from this point, developed down the synapsing homologs. The 

distal portion of the second chromosome between wxt and W 

can be seen from Table 3 to be insensitive to the genotypic 

variation of c3G alleles. Since bw lies close to the telomeric 

region of chromosome two, it is proposed that this region is 

stable due to its juxtaposition to the attachment point on 

the nuclear membrane. The distal end of the X-chromosome, 
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according to this concept, would be without an attachment 

site and away from the origin of the synaptonemal complex, 

which must be near the centromere on this chromosome. 

The c3G mutant has been implicated in the repair 

processes of the oocyte (WATSON 1969). By comparing the X~ 

irradiation of c3G and wild type females, it was proposed 

that a higher incidence of dominant lethals was produced in 

the recombinationless mutant. From this work it was proposed 

that c3G lacked the enzyme system to effectively complete DNA 

repair of damaged chromosomes. Evidence presented in this 

paper points to the gene c3G as affecting the pairing of the 

homologs during the first meiotic division, most likely 

through the development and maintenance of the synaptonemal 

complex. These two facts are not necessarily exclusive of 

one another since radiation resistance in wild type develop­

ing oocytes of Drosophila, (KOCH, SMITH and KING 1970) is 

present only at the time when homologs are paired. At the 

same time, it is common knowledge that DNA repair and genetic 

exchange are non-exclusive events in microorganisms. 

Presumably the enzyme system involved in each event is the 

same or similar. Therefore, in Drosophila it is feasible 

to say the synaptonemal complex is somehow a necessary 

prerequisite for the functioning of this enzyme system in the 

primary oocyte. 
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One further result should be discussed with respect to 

this dosage study. It was mentioned that both the Dp/c3G/c3G 

and Dp/c3G/sbd-105 genotypes were infertile, especially the 

former. This factor is important because it seems to be 

part of the mode of action that can be assigned to the c3G 

gene. It has been noted that sterility effects can be 

linked to this gene, most notably, when it is kept in stock 

as a heterozygote. Such lines produce few homozygous c3G 

females that are fertile or even partially fertile. When 

these stocks were used to construct the Dp/c3G/c3G females, 

sterility was almost one hundred percent in some cases. 

A point can be made for a correct background to be 

present for the functioning of c3G ovaries. In the Dp/c3G/c3G 

females, non-disjunction of the X-chromosome was far below 

that found for homozygous c3G females (Table 5) and therefore, 

the sterility characteristic associated with c3G cannot be 

assigned to the production of aneuploid gametes alone. 

This infertility can be traced to the all or none response 

of the female in producing offspring. All crosses involving 

the above hyperploid genotypes were carried out with 

individual females and were monitored very carefully. Only 

those vials that had the male and female parents alive after 

several days were scored. No cytclcgical observation of the 

ovaries of these females was carried out, although sterile 

homozygous c3G females were dissected, and their ovaries from 
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gross observation, looked normal. The mechanism for this 

sterility is unknown, but since only these females, and not 

other hyperploid types show a serious sterility problem, 

assignment of this infertility would be given to the c3G 

allele. It must be emphasized that the c3G allele itself 

is not entirely responsible, but rather it is an interaction 

of the c3G phenotype with other modifying genes. It is 

proposed here, that a spectrum of c3G phenotypes is possible 

and that complete sterility is one of its components. 

Going further with this argument, the balance of genes, 

and especially chromosomes, is important. It has already 

been pointed out that there might be an imbalance or loss of 

biological equilibrium in the relation of two X-chromosomes 

(i.e., some gene(s) on the X) to the three doses of c3G 

alleles. This proposed imbalance causes either complete 

sterility or, in a favorable genetic background, extreme 

enhancement of recombination. The question of imbalance 

will be presented in the next section where further evidence 

is forthcoming. 

Loci Within the sbd-105 Deficiency 

With a deficiency of 18 salivary bands, several, if 

not many, lethal loci might be represented. If any of these 

lethals were allelic to C3G or were in themselves related 

somehow to meiosis, their addition to this study would be 
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welcome. Thirty-two (32) lethals were produced by EMS 

treatment of over 3,000 ebony (e) chromosomes. All were 

allelic to the original sbd-105 chromosome, which carries 

an allele of ebony., ebony-sooty (e®). These lethals were 

balanced using the T(2?3)ap^^(Xa) chromosome, and after 

several generations of finding no e^ flies, these treated 

chromosomes were assumed to be complete lethals, allelic to 

the deficiency. Because of a lethal (s) known to be 

carried in the right arm of the original sbd-105 chromosome, 

a new sbd-105R chromosome was produced which carri d a 

wild type ebony (e^) allele. This chromosome was used to 

retest the 32 original lethals. Only six (6) proved to 

be lethal with the recombinant chromosome which still 

presumably carried the deficiency. In addition to these 

six lethals, a new stubbloid (sbd) visible mutant was 

induced in this same experiment; it is designated here 

as stubbloid-M (sbd-M). The next step was to test each 

of these lethals for allelism with each other which 

required 15 separate matings. Some of these independently 

produced lethals showed allelism (i.e., non-complementation). 

Lethals U-2 and 7-#100 constituted one group, U-6 and U-9x 

another, whereas the lethals designated U-12 and 4-8b were 
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viable when heterozygous with the others. The complementation 

tests define four functional loci within Df(3R)sbd-105. Up 

to this time there has been only one known lethal locus 

in this region identified as stubbloid. When the sbd-M 

mutant was crossed to these six lethals, the combinations 

produced normal phenotypes, except for U-6 and U-9x in 

which case an extreme stubbloid phenotype was seen. Thus, 

of the four lethal groups, one can be definitely assigned 

to the stubbloid locus (58.2). In addition, representatives 

of the four loci (U-2, U-6, U-12 and 4-8b) were all tested 

for allelism to c3G and for any effect on recombination or 

non-disjunction. All these tests proved to be negative. 

Because of a disparity between the numbers of lethals 

allelic to the two deficiency sbd-105 chromosomes, original 

and recombinant, a further look is warranted. Figure 4 

shows the right arm of a well stretched original sbd-105 

chromosome. No large aberration is apparent in this figure, 

except for the sbd-105 deficiency itself. Figure 5 features 

the loop, representing the deficient bands of the recombinant 

sbd-105 chromosome. The loop being present in this chromosome, 

gives credence to the accuracy of the genetic interpretation 

already presented. 



FIGURE 4.-The right arm of chromosome three from an 
original sbd-105, stock. The deficiency loop is seen 
at lower right. The end of the arm is broad and the last 
visible band is at that point, designated as the end. 

FIGURE 5.-The deficiency loop from a sbd-105R, e^^ stock. 
The loop has been stretched showing the protein base being 
stretched. At least 16 bands can be seen, and when compared 
with the loop above, the band morphology looks the same. 
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All of the mutant markers in the original sbd-105 have 

been maintained in the recombinant chromosome save the ebony-

sooty (e®) one, which has been replaced with the wild type 

(e^^) allele. It has been established through genetic tests 

that the region of the , sbd-105, sr, je® chromosome to the 

right of _sr carries at least one lethal. The 26 lethals 

which appear to be allelic to this chromosome presumably 

would be located within this area. The history of this 

chromosome is such as to make it possible for a deleterious 

gene "build-up". The chromosome was produced by X-irradiation, 

thus making other less noticeable lethals a possibility. 

This chromosome was balanced by Xa, for many years, which 

very effectively eliminates recombination in the region in 

question, while allowing crossing over to proceed in the 

other regions of the chromosome. Of late it has been main­

tained over the LVM balancer and this balancer prevents 

crossing over in almost the entire third chromosome. With 

such an opportunity for a "build-up" of mutations in this 

region, those induced mutations not allelic to the sbd-105R,e"^ 

chromosome may be lethals representing many point mutants. 

Considering the behavior of this chromosome with respect to 

non-disjunction as seen in the dosage experiments, it is 

possible to assign some of the aberrant behavior to mutations 

outside and to the right of the deficiency. Mutants such 

as GREEN'S mt, which is allelic to sbd-105 but not to c3G, 

could be one of this type. 
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Only four loci plus c3G now can be alloted to a region 

defined by the deficient 18 bands. What would be the role 

of other bands within this area? At this time, no definite 

role can be given, but it is proposed that these bands might 

represent genes with non-vital functions. 

With only four lethal loci plus c3G known to be located 

within the 18 band deficient region, the mutant tumorous-

head in chromosome three (tuh-3) was tested for allelism to 

the sbd-105 deficiency. The published locus for this gene 

is at 58.3 putting it in the vicinity of the deficiency. 

By the nature of the gene itself, an accurate recombination 

value would be hard to obtain. This mutant produces 

asymetrical head growths with variable penetrance, and is 

sensitive to modifiers located on the X and second chromo­

somes. Another gene, tumorous head in chromosome one (tuh-1) 

on the X-chromosome is implicated in this system and it 

produces a maternal effect because penetrance in the progeny 

is always higher involving parental females that are homozygous 

for tuh-1. Viability of a highly selected tuh-1; tuh-3 

stock is about 70 percent. 

Table 7 gives the results of two series of reciprocal 

matings involving the stock tuh-1; tuh-3 with the sbd-105/Xa 

stock. Chi Square values indicate the differences in the 

two crosses are due to the peculiar interaction of tuh-1; 

tuh-3 combination with the sbd-105 deficiency since only 
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TABLE 7 

The offspring of reciprocal crosses involving 

tuh-1; tuh-3 and sbd-105/Xa parents. 

^1 
females Fl males Chi 

Square 
value* Female parent Xa sbd-105 Xa sbd-105 

Chi 
Square 
value* 

tuh-1: tuh-3 106 100 116 54 S 

sbd-105/Xa 51 56 69 60 NS 

* With 3 degrees of freedom, at the 5% level. 

the sbd-105 male class has been affected. If these results 

indicate allelism of the tumorous head system to sbd-105, 

then the next step is to test c3G. Females of the tuh-1; 

tuh-3 stock were crossed to homozygous c3G males and results 

of 91 females to 61 male F^ offspring were recorded. The 

reciprocal cross produced 101 females and 109 males. The 

Chi Square value for the first cross was 4.12 using the 

Yates correction factor, which is higher than the expected 

limits based on a 1:1 ratio of male to female significant at 

the 5% level; the reciprocal cross approximates the expected 

ratio. 

The testing of the tuh-3 gene, with the results given 

in Table 7, implicates this gene as a resident of the de­

ficient area. It is possible that tuh-3 could be outside 

the area, but its apparent relationship to c3G would rule 
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this out. The data is surprising because it shows 

inviability when tuh-3 and sbd-105 are present together 

with the X-chromosome carrying tuh-1. The fact that the 

females are always viable would point to the X-chromosome 

as a cause of the lethality. However, the only class to 

Xa 
be significantly lower is sbd-105, whereas the T(2;3)ap 

(Xa) males (which do not carry the deficiency) are in normal 

numbers. It would appear then the combination of tuh-3 

with sbd-105 is subvital or semi-lethal, but only when in 

the presence of a tuh-1 chromosome. Since this chromosome 

is responsible for a maternal effect on penetrance for 

tuh-3, this would be an expected result assuming tuh-3 and 

sbd-105 are interacting. We then, further conclude a 

tentative location of tuh-3 within the 18 band region of 

the deficiency. 

The data goes further in implicating c3G as a possible 

alternate or pseudoallele of tuh-3. The original males 

used in this cross of tuh-1; tuh-3 with c3G were taken from 

a homozygous c3G stock. These males carried modifiers 

favorable to the fertility of c3G, hence it is unlikely that 

genetic background is a factor in the results of this cross. 

These results are significant and support the case for 

allelism of tuh-3 and c3G. It should be noted here that no 

attempt was made to test tuh-3 for meiotic characteristics 

since neither the time nor correct stocks were available. 
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The results given do not in themselves establish c3G or 

even the sbd-105 deficiency as affecting the same system as 

the tuh genes. First of all, tuh-1: tuh-3 as a system, is 

very sensitive to modifiers on the second chromosome, and 

the stock which was obtained from the Stock Center at 

Pasadena had very few tumorous head phenotypes. In fact, 

none of the original flies exhibited this abnormality. How­

ever, recent work on the tuh system extends the relationship 

to c3G. By describing first characteristics of the tuh 

system followed by some observations involving c3G, it is 

hoped that a stronger connection can be made between the two. 

Further work on this mutant revealed that females (males 

were not tested) of the tuh-1; tuh-3 genotype was partially 

sterile when certain eye phenotypes are combined with them 

(KNOWLES 1970). Most notably purpleoid (gd) and brown (bw) 

gave results which indicated an interaction between the tuh 

system and these pteridine mutants. 

The other significant effect of this gene system is 

found in the males. WOOLF (1966) studied the maternal effect 

of this system in producing sterile males. These males had 

a sterility incidence when a specific X-chromosome was used 

in the mothers. The manifestation of such sterility varied 

from abnormal testes without attachment, to the complete lack 

of external genitalia. When homozygous tuh-3 males were 

derived from tuh-1 mothers, the results indicated variable 
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penetrance of the abnormal head trait. If the X-chromosome 

of the female parent was carrying a gene other than tuh-1, 

the results indicated a "switching" from an abnormal 

development of the head, to that of the genital disc. His 

explanation for the sterility of the male is one in which 

attachment of the testes does not occur due to its abnormal 

development. The testes remains an ellipsoidal structure 

even though motile sperm are produced. 

We have produced a tenuous connection between c3G and 

tuh-3. By pursuing the behavior of c3G further, a more 

direct relationship is established, when observations are made 

during the study of the gene, c3G. Early experiments leading 

to this work were concerned with the possible connection of 

Segregation-Distorter (SD), a male-specific gene on the 

second chromosome, with recombination. The results of such 

a study were partially negative and are of no immediate 

concern to us. What was found at this time was SD/+;c3G/c3G 

males ware sterile, thus, implicating the two in some 

interaction. Later, however, when studying c3G, the 

combination B-19; st c3G ca homozygote was produced, but some 

males and females of this combination were entirely sterile 

and the stock had to be maintained as B-19: st c3G ca/b, Xa. 

These heterozygotes, both male and female, were fertile and 

the stock was perpetuated that way. Coincidently, the earlier 

SD chromosome carried the mutant bw, and the males which 
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proved to be sterile were those of the genotype SD en"*" bw/ 

+ cn bw; C3G/C3G. Therefore, the similarity between these 

two genotypes was in the homozygosity of W in combination 

with c3G, the combination sometimes gives total sterility of 

both males and females, regardless of what other pteridine 

mutants are present. The combination of brown-scarlet (bw-st) 

is white-eyed, yet it must be remembered that during the 

pupal stages pteridines are accumulated in flies, such as 

brown (MASTERS Oil 1958). 

Going further it was discovered in certain synthesized 

stocks of c3G and sbd-105, the degree of fertility varied 

greatly. For instance, the stock S/Cy, S (S); C3G/D had a 

very low progeny, to parent ratio. This stock also contained 

a high number of homozygous c3G males lacking external 

genitalia. When these males were dissected, the testis was 

as described in the paper by WOOLF (1966). Other stocks have 

also produced this type of male. Specifically S/Cy E(S); 

sbd-105/LVM which had in some lines, produced 25-35% males 

lacking external genitalia; however, no progeny of this type 

has ever been observed in the stock, S/Cy E (S); sbd-105/ 

In(3R)C e,l(e). The LVM chromosome contains In (3L) P which 

normally occurs in many populations, and which produces the 

male genital effect when with the tuh-3 chromosome (WOOLF 

1966). The In(3R)C e,1(e) chromosome apparently does not 

carry the necessary allele to produce such an effect. 
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WOOLF'S conclusion was based on observation of a specific 

genotype, involving the interaction of the X-chromosome, the 

second and the tuh-3 gene on genital disc development. The 

presence of the maternal-X (non tuh-1) redirected the 

influence of tuh-3 from the development of the head to the 

gonads. Since flies which are Dp/sbd-105/sbd-105 or 

Dp/Pf(3)D/sbd-105 many times have extremely malformed heads, 

the perturbation of development of the head region can be 

attributed to the sbd-105 deficiency. This effect usually 

is confined to the postverticals in sbd-105/+ flies, although 

rarely an abnormal eye or head does appear in such stocks. 

All of these observations do form a definite correlation 

of early developmental traits to the meiotic effects found 

in c3G. First, c3G can produce male effects with certain 

modifiers, such as, brown, and the apparent allelism of c3G 

to tuh-3 based on inviability, presents itself. Extensive 

male infertility is observed, due, in part, to the lack of 

attached testes and the loss of external genitalia in certain 

lines having c3G or sbd-105 chromosomes. Directly related 

to the abnormal frequencies of genetic exchange, there is a 

correlation with the degree of sterility, as was pointed out 

earlier. The genotypes which produce large increases in 

crossing over also produce many (up to 80%) completely sterile 

females. Finally, the great disparity between triploids and 

diploids, each having two doses of c3G and one of c3G^, 
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suggests a role for the X-chroraosome in the functioning of 

the ovary during meiosis. The mutant c3G has a much lowered 

fertility as evidenced by the build-up of modifiers on other 

chromosomes. Modifiers undoubtedly do affect c3G and this 

modification does not alter the common characteristic of the 

mutant, but it can result in the complete loss of fertility. 

GOWEN (1933) and others have noted that there is more than 

an incidental relationship in the way homologs segregate in 

C3G females. Therefore, the percentage of aneuploid gametes 

produced by these females cannot account for the apparent 

infertility of some lines. This loss of fertility could be 

a result of a further modification of the developing gonad. 

A new comparison can be made, to enlarge upon this 

concept further. There is enough evidence presented on the 

nature of the c3G gene to put the control of meiosis on a 

more refined basis than was given in earlier work. BRIDGES 

(1925), in a classic paper, laid out the complete basis for 

sex-determination at the chromosomal level. His simple, yet 

elegant, explanation was based on the exact ratio of X~ 

chromosomes (X) to a complete set of autosomes (A). When 

the ratio is equal, in either a diploid or triploid (2X;2A 

or 3X:3A), normal fertile females are formed. If the ratio 

is exactly IX:2A, then fertile males are produced. This 

indicates a delicate balance of many interacting genes which 

produce a particular sex. Any deviation from these ratios 
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produce intersexes, or males and females that are entirely 

sterile. Thus, sterility is one of the most important 

manifestations of this genie imbalance. It must be 

remembered, normal males do not have either synaptonemal 

complexes or meiotic recombination. It is proposed that 

female homozygous for c3G has an ovary which has been altered 

slightly to become male-like; neither a synaptonemal complex 

nor recombination are in evidence. With a further intensi­

fication of this gene by modifiers (i.e., W), non-functional 

gonads are produced. This mutant is not exclusively a female 

mutant as SANDLER et al. (1968) described, but it is an 

altered gene whose normal allele is involved in the development 

of both the anterior and posterior imaginai discs. Their 

explanation was based on c3G exclusively affecting pairing 

in the first division of meiosis through the structural 

formation of the synaptonemal complex. 

Based on work with the tuh system, modifiers on the 

X-chromosome determine the pathway which the autosomal 

tuh-3 gene (c3G?) will take. This could explain the 

inviability of sbd-105 with tuh-1 and tuh-3 since this 

X-chromosome causes fundamental effects in the early 

development of the imaginai disc. The X-chromosome must 

normally balance the autosomal influence of development. 

Such a gene as tuh-1"^ would normally work in concert with 

c3g'*", and a balance of this system would result in the 
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development of normal gonads. When the c3G* gene is altered 

to c3G, the hypomorph produces less gene product than its 

counterpart on the X-chromosome, thus, the otherwise normal 

ovary experiences an increased rate of recombination. This 

is borne out to a degree by the results obtained with 

Dp/c3G/c3G. Very little c3G^ activity by the homozygous c3G 

female would alter the development of the gonad even more. 

This alteration must affect some part, of the nuclear membrane, 

such as the initiation structure for the synaptonemal complex. 

Further effects caused by modifiers somehow change the gonad 

before the onset of meiosis, preventing any normal development 

of eggs or sperm. Since the reason for this sterility is not 

known, such an explanation must wait confirmation until 

cytological evidence is presented. 

Induction of c3G Mutants 

The foregoing discussion implicates the meiotic mutant 

(C3G) in fundamental developmental actions. It could be 

asked at this stage, whether or not it would be possible to 

induce c3G mutants. At the onset of this investigation, the 

primary goal was to produce meiotic mutants, and in particular, 

temperature-sensitive ones. It was thought that if such 

mutants could be obtained, many direct answers to the nature 

of genetic exchange could be sought. Also, if there were at 

least two meiotic loci involved, comparisons, as outlined. 
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would produce results indicative of this. The method used 

in screening these induced mutants has been described earlier. 

The difficulty in using such techniques became apparent very 

soon. It is now obvious that the combination of the second 

chromosomes with markers Star and Curly, Enhancer of Star 

intensified the sterility problem. By using many generations 

to increase the initial number of the parental females of 

this cross, the study was carried out. 

Table 8 compares the controls and the two experimental 

groups. All females have the markers Star (^) and Bristle 

(Bl) in repulsion. Control group one has one normal third 

chromosome and a non-treated wild type chromosome. Control 

two has a normal and an EMS treated third chromosome, and 

control three has two c3G chromosomes. The sbd-105 group 

has an EMS treated chromosome heterozygous with Df(3R)sbd-105R, 

e"^. The c36 group has the treated chromosome opposite a c3G 

bearing third chromosome. The overall results given in Table 

8 indicate the method achieves its intended goal. 

The same screening was used in each of these groups of 

crosses. The females, with the treated or control third 

chromosomes, had the second chromosome markers Star (S) and 

Bristle (Bl) in repulsion. The tester males had a 

Translocation (1:2) opposite the Y-chromosome and a normal 

second chromosome carrying both and In the males no 

crossing over occurs, therefore, the sperm either will carry 



TABLE 8 

The comparison of EMS induced meiotic mutants from 

single females crossed to T(l;2) males. 

S H- F females % fertile % exceptional® Mutant cultures 
+ 1)1 1 

Group Third chromosome Cultures Male progeny Total XO males Frequency 

Control 1 +/+ 72 o
 

o
 

0 0 0.0 

Control 2 +/* 69 o
 

O
 

0 0 0.0 

Control 3 C3G/C3G 46 100.0 12 10 1.0 

c3G c3G/* 45 2.6 17 4 0.0214 

sbd-105 sbd-105/* 53 2.7 9 2 0.0093 

® The tester male will segregate a S-Bl chromosome with the Y chromosome, therefore 
all exceptional (XO) males will be or ̂  or in phenotype. 
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the translocation or the Y-chromosome with the S-Bl second 

chromosome. All zygotes with the translocation will be 

female and all those with the Y-chromosome and S-Bl will 

be male. Any male that is not both ̂  and ̂  in phenotype 

will be an XO male, as a consequence of non-disjunction of 

the X-chromosomes in the female. If no crossing over 

occurred in the female as seen in control 3, no S-Bl 

males will be produced. Therefore, in this control only 

exceptional males were seen, and/or females of such a cross 

are only of two phenotypes ̂  or Bj. since the crossover types 

S-Bl or + + would be absent. 

From control group one and two it can be seen that EMS 

itself does not cause spurious results. The difference in 

fertility between these two controls is very slight. Also, 

non-disjunction does not seem to be a factor in either of 

these crosses, since patroclinous males do not appear in 

either of these two groups. Control three demonstrates the 

effectiveness of the method. It is interesting to observe 

the small numbers of progeny in this cross. There was an 

average of 4.7 females and 1.9 males (all exceptional) from 

each single, fertile mating. This is not unlike the numbers 

for each of the probable non-crossover lines in both 
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experimental groups. There was almost an equal frequency 

of exceptional males in both experimental lines. However, 

a difference was obvious when each cross was analyzed. 

Exceptional males occurred more frequently in those lines 

producing crossover females within the sbd-105 group. The 

reason for the similarity in total numbers, is due to the 

greater number of probable mutant lines giving exceptional 

males within the c3G experimental group. This is important 

since this deficiency gives us a higher rate of non­

disjunction than does the c3G heterozygotes (see Table 5). 

The differential of probable mutants induced between the 

two lines, is a factor of two, which surprisingly, is in 

favor of the c3G. 

In comparing the two experimental groups, c3G and 

sbd-105/ there is a pattern which emerges. First, the sbd-105 

group is slightly more fertile, gives more non-disjunctional 

products, and produces less probable mutants than does c3G. 

Although the inducibility of recombinationless mutants in 

this group is half what it is in the c3G group, we must be 

cautious about naming these as mutant lines. Our limited 

sample of homozygous c3G controls show that we expect small 

numbers of progeny. Also, most, but not all, the females 

in this control show exceptional males. When we look at the 

frequency of this type in the two experimental groups, the 

number produced, using c3G as a tester chromosome, is still 
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double that of sbd-105. Contamination, due to crossing-over 

between the deficiency and the inverted segment of the 

In (3R)C,e,l(e) chromosome in the parental females, is a 

possible reason for the lowered number of induced mutants 

in the sbd-105 group. A crossover test using Cy/+;sbd-105R/ 

In(3R)C,e,1(e) females shows only two crossovers in 352 

progeny and those were in the pink-peach (£^) region. Both 

of these crossovers involved a segment of the deficient 

chromosome to the left of the region in question. In addition, 

the parental females of the sbd-105 group were screened by 

using the postvertical phenotype. The real evidence for the 

purity of the sbd-105 group, is the frequency of non­

disjunction. This parameter is greater despite the apparently 

higher number of induced mutants in the c3G group. Therefore, 

with limited evidence at hand, one could conclude that it is 

easier to produce mutants at the c3G locus using the point 

mutant, rather than the deficiency, as a screening chromosome. 

An explanation for this could be found in the severity of the 

mutation, which together with the deficiency, causes sterility 

or possibly lethality. 

The question which was to be answered originally, was 

whether one or two genes at this location control the 

formation of the synaptonemal complex. Of the two genes, 

according to KING (1970), one would control the longevity 

of the structure and the other, the complex itself. If this 
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is true, theoretically, the mutation rate of the sbd-105 

group should be double that of c3G. According to his scheme 

the sbd-105 chromosome represented as ̂ °,t°, would have 

either ̂  or induced on the treated chromosome. The 

^°/s° genotype (c3G) would not produce the complex and the 

Jb°/jt° would not allow a stable complex to form even though 

the structural material for it would be present. One could 

argue, supposedly, that the _t°/t° genotype would be completely 

sterile or lethal, but this argument would still have to be 

extended to the s^°/s° genotype. Because of the lower 

frequency of probable mutants induced in the sbd-105 line, 

it seems unlikely that there could be two meiotic mutant 

cistrons within the deficient region. The behavior of these 

two groups with respect to mutation, indicates a single locus 

was the basis of all induced mutations. This argument is 

further strengthened since all induced lethals allelic to 

this region apparently had no meiotic properties. 

Partial mutants, ones which show a limited amount of 

recombination, could not be detected. In control one, the 

limits for crossing-over as observed in single females, 

extends from 10 to 90% in samples of progeny greater than 10. 

The mean value for all females in this control is 46.6%, 

which is close to what is expected for markers greater than 

50 units apart. 

This study proves, the methods used for procuring c3G 

mutants, does work. The next step is to use this method. 
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in a modified form, to produce a bona fide temperature-

sensitive mutant. Work has already provided the chromosomes 

necessary to carry out this plan. By using a Plexate-2 

(Px ), a small second chromosome deficiency at 107.4, with 

Bl, it becomes possible to use Xasta as a balancer for both 

markers. Xasta stocks with c3G or sbd-105 do not show the 

sterility effects which are associated with the Star-Curly 

combination. Also, the use of c3G is desirable, since 

sbd-105 does cause undetermined interactions which lower 

viability, and the screening efficiency of c3G seems to be 

much better. Armed with these chromosomes and a T (1:2) 

259 
which carries 1 (1)J the modification of this breeding 

procedure is complete. The technique now will give a higher 

fertility and the use of Xasta increases the production of 

parental females by a factor of two. The increased efficiency 

now makes it possible to produce any desired number of these 

females, and the use of the lethal on the translocation 

effectively eliminates all exceptional male progeny from the 

cross. It has already been shown by the previous method 

that large single female matings are easily accomplished, 

the rate being about 350 per hour. Screening this cross 

becomes only a matter of looking for the absence of males in 
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a vial. Finally the translocation males must have at least 

one third chromosome balancer, preferably In (3LP.) 

^ insure the retrieval of any mutant that has 

been induced. 

The synaptonemal complex is a protein structure and 

thus, if c3G is responsible for its direct development, 

temperature-sensitives can be produced. A conservative 

estimate would put the frequency of induction of these mutants 

between one and four per 10,000 chromosomes tested. This 

estimate is based on the rate mutants were produced in this 

study, and the estimate of one out of ten temperature-sensitive 

mutants procured in the study by SUZUKI (1970). Because this 

gene is implicated in possibly three fundamental processes, 

pairing, gonadal development and mutation, the study described 

would be an excellent way of gaining new information about 

this gene. Whether or not it is possible to produce 

temperature-sensitive mutants at this locus, will give insight 

into the gene as being directly, or indirectly, involved in 

the development of the synaptonemal complex. If it is possible 

to produce these special mutants, study in all of the areas 

described will reveal much about this gene and the biology 

of the organism, Drosophila. Even failing in this endeavor, 

much could be learned about this gene from such a large scale 

mutagenesis experiment. A negative result would further 

tend to place the gene, c3G in a regulatory position 
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concerning tneiosis. It is conceivable to suggest various 

roles for this gene and these could be elucidated by having 

a score of induced mutants. 

Another use for this mating procedure would be one 

employing a treated X-chromosome. Because of its role in 

sex-determination, this chromosome is a likely area of the 

genome for meiotic mutants. This scheme is easily adaptable 

for such a study and it would be the first time the X-

chromosome has been inspected for meiotic mutants. A 

beginning has been made by producing c3G mutants and 

enough is now known to allow at least certain recombinationless 

mutants to be induced in Drosophila. 
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SUMMARY 

This study, on the nature of the c3G mutant, was carried 

out utilizing experiments in dosage and mutagenesis. The 

c3G gene effects the pairing of homologs and any effects due 

to changes in recombination can be directly ascribed to this 

phenomenon. Evidence points to a single gene being 

responsible for all of these properties. 

A new role is proposed which broadens the genetic scope 

of c3G^ to include the early development of the imaginai 

discs, and which can effect both the development of male and 

female gonads. A complex interaction is indicated involving 

c3G* and other autosomal genes, along with those on the 

X-chromosome. Thus, it links this gene and all of its 

developmental effects to the genie balance of sex in 

Drosophila. At least three loci, not allelic to either c3G 

or sbd, can be assigned to the deficient region of sbd-105. 

A breeding scheme has been carried out enabling direct 

mutagenesis studies to be used on this gene. These experi­

ments prove the feasibility of producing temperature-sensitive 

mutants for c3G, and a modification of this procedure is 

outlined, increasing the method's efficiency. 



76 

LITERATURE CITED 

BRIDGES, C. B., 1916 Non-disjunction as proof of the 
chromosome theory of heredity. Genetics 1: 1-52, 
107-163. 

BRIDGES, C. B., 1925 Sex in relation to chromosomes and 
genes. Am. Naturalist 59; 127-137. 

CATCHESIDE, D. G., 1966 A second gene controlling allelic 
recombination in Neurospora crassa. Aust. J. Biol. 
Sci. 19: 1039-1046. 

COMINGS, D. E. and T. A. OKADA, 1970 Mechanism of chro­
mosome pairing during meiosis. Nature 227: 451-456. 

DARLINGTON, C. D., 1932 The control of chromosomes by the 
genotype and its bearing on some evolutionary problems. 
Am. Naturalist 66: 25-51. 

DAVIES, D. R. and C. W. LAWRENCE, 1967 The mechanism of 
recombination in Chlamydomonas reinhardii. II. The 
influence of inhibitors of DNA synthesis on intergenic 
recombination. Mutation Res. 4: 147-154. 

DEMEREC, M., 1926 Reddish-A frequently "mutating" character 
in Drosophila virilis. Proc. Nat. Acad. Sci. 12: 
11-16. 

DETLEFSEN, J. A. and E. ROBERTS, 1921 Studies on crossing 
over. I. The effect of selection on crossover values. 
J. Expt'l. Zool. 32: 332-354. 

DYER, K. F., 1969 Crossing over adjacent to the centromere 
on the second chromosome of Drosophila melanogaster. 
Dros. Inform. Serv. 44: 93. 

FISHER, R. A., 1950 Statistical methods for research workers. 
11th ed. New York, New York, Hafner Publishing Co. 

GOWEN, J. W. , 1919 A bicmetrical study of crossing over: 
on the mechanism of crossing over in the third chromosome 
of Drosophila melanoqaster. Genetics 4: 205-250. 

GOWEN, J. W. , 1933 Meiosis as a genetic character in 
Drosophila melanoqaster. J. Expt'l. Zool. 65: 83-106. 



77 

GOWEN, M. S. and J. W. GOWEN, 1922 Complete linkage in 
Drosophila mela noga s ter. Am. Naturalist 56: 286-288. 

GREEN, M. M., 1970 The genetics of a mutator gene in 
Drosophila melanoqaster. Mutation Res. 10: 353-363. 

HENDERSON, S. A., 1966 The time of chiasma formation in 
relation to the time of deoxyribonucleic acid synthesis. 
Nature 211; 1043-1047. 

HINTON, C. W., 1965 The effects of heterozygous autosomal 
translocations on recombination in the X-chromosome of 
Drosophila melanoqaster. Genetics 51: 971-982. 

HINTON, C. W., 1966 Enhancement of recombination associated 
with the c3G mutant of Drosophila melanoqaster. Genetics 
53: 157-164. 

HINTON, C. W., 1967 Genie modifiers of recombination in 
Drosophila melanoqastar. Can. J. Genet. Cytol. 9: 
711-716. 

JESSOP, A. P. and D. G. CATCHESIDE, 1965 Interallelic 
recombination at the his-1 locus in Neurospora crassa 
and its genetic control. Heredity 20: 237-256. 

KING, R. C., 1970 The meiotic behavior of the Drosophila 
oocyte. Int. Rev. Cytol. 28: 125-168. 

KITANI, Y., L. S. OLIVE and A. S. EL-ANI, 1962 Genetics of 
Sordaria fimicola. V. Aberrant segregation at the G 
locus. Am. J. Botany 49: 697-706. 

KOCH, E. A., P. A. SMITH and R. C. KING, 1970 Variations in 
the radiosensitivity of oocyte chromosomes during meiosis 
in Drosophila melar.oqaster. Chromcscma (Bsrl.) 30: 
98-108. 

KNOWLES, BARBARA, 1970 Pteridines in the tu-h strain of 
Drosophila melanoqaster. Can, J. Genet. Cvtol. 12: 
666-673. 

LAWRENCE, M. J., 1958 Genotypic control of crossing over on 
the first chromosome of Drosophila melanogaster. Nature 
182: 889-890. 



78 

LEVINE, R. P. and E. E. LEVINE, 1955 Variable crossing over 
arising in different strains of Drosophila melanoqaster. 
Genetics 40; 399-405. 

LEWIS, E. B., 1948 Location of c3G in the salivary gland 
chromosome. Dros. Inform. Serv. 22; 72-73. 

LEWIS, E. B. and F. BACHER, 1968 Method of feeding ethyl 
methanesulfonate (EMS) to Drosophila males. Dros. 
Inform. Serv. 43; 193. 

LINDSLEY, D. L. and E. H. GRELL, 1968 Genetic variations 
of Drosophila melanogaster. Carnegie Institution of 
Washington Publication No. 627. 

LUCHESSI, J. and D. SUZUKI, 1968 The interchromosomal control 
of recombination. Ann. Rev. Genet. 2; 53-86. 

MAGUIRE, M. P., 1968 Chromosome pairing in altered 
constitutions and models of synapsis and crossing over. 
Genetic Res. Cambridge 12; 21-27. 

MASTERSON, J. E., 1958 A comparative study of fluorescing 
substances in relation to eye pigment development in 
Drosophila. M.A. Thesis, Eugene, Oregon, University 
of Oregon. 

MEYER, G. F., 1964 A possible correlation between the 
submicroscopic structure of chromosomes and crossing 
over. European Regional Cong. Electron Microscopy, 
Prague, 3, Series B; 461-462. 

MOENS, P. B., 1969 The fine structure of meiotic chromosome 
polarization and pairing in Locusta migratoria 
spermatocytes. Chromosoma (Berl.) 28; 1-25. 

MOENS, P. B., 1970 Premeiotic DNA synthesis and the time of 
chromosome pairing in Locusta migratoria. Proc. Nat. 
Acad. Sci. 66; 94-98. 

PARCHMAN, L. G. and H. STERN, 1969 The inhibition of protein 
synthesis in meiotic cells and its effect on chromosome 
behavior. Chromosoma (Berl,) 26; 298-311. 

PARSONS, P. A., 1958 Selection for increased recombination 
in Drosophila melanogaster. Am. Naturalist 92; 255-256. 



79 

REDFIELD, H., 1930 Crossing over in the third chromosome of 
triploids of Drosophila melanoqaster. Genetics 15; 
205-252. 

ROSSEN, J. M. and M. VJESTERGAARD, 1966 Studies on the 
mechanism of crossing over. II. Meiosis and the time 
of raeiotic chromosome replication in the ascomycete 
Neotiella rutilans. Compt. Rend. Trav. Carlsberg 35: 
233-260. 

SALAMINI, F. and C. LORENZONI, 1970 Genetical analysis of 
glossy mutants of maize. III. Intracistron recombination 
and high negative interference at the g]., locus. Molec. 
Gen. Genetics 108: 225-232. 

SANDLER, L., D. L. LINDSLEY, B. NICOLETTI and G. TRIPPA, 1968 
Mutants affecting meiosis in natural populations of 
Drosophila melanoqaster. Genetics 60; 525-558. 

SMITH, P. A. and R. C. KING, 1968 Genetic control of 
synaptonemal complexes in Drosophila melanoqaster. 
Genetics 60: 335-351. 

SMITH, P. D., V. G. FINNERTY and A. CHOVNICK, 1970 Gene 
conversion in Drosophila: non-reciprocal events at the 
maroon-like cistron. Nature 228: 442-444. 

STADLER, D. R. and A.M. TOV.'E, 1962 Genetic factors 
influencing crossing over frequency in Neurospora. 
Genetics 47: 839-846. 

STERN, H. and Y. HOTTA, 1969 DNA synthesis in relation to 
chromosome pairing and chiasma formation. Proc. of an 
Intern. Symp. Nuclear Physiol, and Differentiation. 
Genetics Suppl. 61; 1, Part 2: 27-39. 

SUZUKI, D. T., 1970 Temperature-sensitive mutations in 
Drosophila melanoqaster. Science 170: 695-706. 

WATSON, W. A. F., 1969 Studies of a recombination-deficient 
mutant of Drosophila. I. Dominant lethals. Mutation 
Res. 8: 91-100. 1969. 

WESTERGAARD, M. and D. von WETTSTEIN, 1970 Studies on the 
mechanism of crossing over. IV. The molecular or­
ganization of the synaptinemal complex in Neottieiia 
saccardo. Comptes Rendue Lab. Carlsberg 37: 239-268. 



80 

WOOLF, C. M., 1966 Maternai effect influencing male genital 
disc development in Drosophila melanoqaster. Genetics 
53; 295-302. 

WRIGHT, T. R. F., 1968 The phenogenetics of temperature 
sensitive alleles of Letha1-Mvospheroid in Drosophila. 
Proc. XII. Int. Congr. Genetics 1; 141. 


