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ABSTRACT 

Previous studies of reversed acrocentric compound-X rhromosomes sug- 
gested peculiar influences of heterochromatin on both the synthesis and meiotic 
behavior of such compounds. I t  seemed, with respect to synthesis, that the long 
arm of the Y chromosome on an X.YL chromosome was necessary in order for  
the heterochromatic exchange giving rise to reversed acrocentrics to occur, 
even though YL itself did not participate in  the compound-generating event. 
With respect to behavior, the resulting compounds appeared, presumably as a 
consequence of their singular generation, to contain an interstitial hetero- 
chromatic region that caused the distribution of exchanges between the ele- 
ments of the compound to be abnormal (many zero and two-exchange tetrads 
with few, i f  any, single-exchange tetrads). Removing the interstitial hetero- 
chromatin (or, curiously, appending YL as a second arm of the compound) 
eliminated the recombinational anomalies and resulted in  typical tetrad dis- 
tributions.-We provide evidence that these peculiarities, while presumably 
real, were likely the consequence of a special X.YL chromosome that was 
used to synthesize the reversed acrocentrics examined in the early studies and 
are not general properties of either reversed acrocentric compounds or of 
interstitial heterochromatin. However, we show that specific heterochromatic 
regions do, in fact, profoundly influence the behavior of (apparently all) 
reversed acrocentric compound-X chromosomes. In particular, we demonstrate 
that specific portions of the Y chromosome and of the basal X-chromosome 
heterochromatin, when present as homologs for reversed acrocentric com- 
pounds, markedly and coordinately increase bath the frequency of exchange 
between the elements of the compound and the fertility (egg production) of 
compound-bearing females. It is, we suppose, some aspect of this heterochro- 
matic effect, produced by the% special X.YL chromosome, that caused the 
earlier-analyzed compounds to &hibit the observed anomalies. 

A REVERSED acrocentric compound-X chromosome is composed of two X 
chromosomes attached to one another in reversed order-as in the case of the 

attached-X (reversed metacentric) compound-but contains a single subter- 
minal, rather than medial, centromere. Reversed acrocentrics were first synthe- 
sized by MULLER (1943, 1944) and by VALENCIA, MULLER and VALENCIA 
(1949) ; they are constructed by attaching an acentric, but otherwise essentially 
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538 L. SANDLER AND J. O'TOUSA 

complete, X chromosome segment in normal sequence to a centric X chromo- 
some in inverted sequence. The appropriate attachment may be accomplished 
either directly or following sister-strand union; the two modes are diagrammed 
in the first two lines of Figure 1. It can be seen that there will generally be a 
heterochromatic region of variable extent between the two elements of the com- 
pound, and that synapsis results in a tetrad with a hair-pin configuration. The 
origin of reversed acrocentric compound-X chromosomes was reviewed, and its 
study extended, by LINDSLEY and SANDLER (1963). Recombination between the 
elements of the compound has been studied by NOVITSKI (1954), SANDLER 
(1954) and GETHMANN (1967). The meiotic behavior of these compounds was 
reviewed, and its study extended, by SANDLER (1958). 

Two peculiarities about the origin, and two peculiarities about the behavior, 
of reversed acrocentric compounds emerged from these early studies. The two 
anomalies relative to the origin were the following: (1) despite the evident 
irrelevance of the heterochromatic short arm ( Y L )  of the input chromosome in 
normal sequence to the generation of compounds (see Figure I ) ,  in the absence 
of this second arm no reversed acrocentrics were recovered; and (2) in every 
one of several different experiments in which compounds were recovered, there 
were also recovered an  approximately equal number of presumptive compound- 
bearing females that were sterile, even though primary exceptional females 
recovered in these same crosses-that is, females that carried the same two mater- 
nally derived X chromosomes that make up the compounds-were generally 
fertile. 

FIGURE 1 .-The origins of the compound-X chromosomes recovered from X-irradiated 
y cu m carYL/ln(l)sc8, wa u f females crossed to R males. The first line describes the origin 
of completely heterozygous reversed acrocentric compound-X chromosomes [C(Z)RA].  The 
second line describes the origin of reversed acrocentrics homozygous for proximal (i.e., normally 
located near the centromere) markers. The sister-strand union is shown occurring on sc8; it can 
also occur on X.Yb. The third line describes the origin of reversed metacentric compound-X 
chromosomes [ C ( l ) R M ]  homozygous for distal markers. 
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COMPOUND-X CHROMOSOME 539 

With respect to the behavior of those reversed acrocentric compounds recov- 
ered in fertile females, the two pecularities that emerged were the following: (1) 
in compound-bearing females, the addition of a Y chromosome as a homolog for 
the compound resulted in an approximately two-fold increase in the frequency 
of recombination between the elements of the compound; and (2) the distribu- 
tion of the different rank tetrads was quite atypical in that it was characterized 
by high frequencies of no-exchange and double-exchange tetrads with few, if 
any, tetrads of rank one. Typical tetrad distributions were, however, observed in 
the case of two differently synthesized reversed acrocentrics-one that was con- 
structed with Y L  appended as a short arm of the compound (SANDLER 1958) 
and one that was synthesized lacking an interstitial region (GETHMANN 1967). 

Recently, we have performed a number of experiments to synthesize and study 
reversed acrocentric compound-X chromosomes and have made observations that 
bear on each of the four anomalies enumerated in the preceding paragraphs. 
These observations are presented below; the data are examined separately as 
they bear on the origin, the exchange distribution and the effects of a heterochro- 
matic homolog on the behavior of reversed acrocentrics. 

RESULTS A N D  DISCUSSION 

On the origin of reversed acrocentric compounds 
In theory, an exchange (or the formal equivalent of an exchange) between 

the proximal heterochromatin of an X chromosome in normal sequence and the 
homologous heterochromatin located distally on the long X inversion, Zn(l)scd, 
will produce a reversed acrocentric compound-X chromosome. This event will 
be referred to as a direct attachment and is diagrammed on line 1 of Figure 1. 
Reversed acrocentric compounds are also formed following sister-strand union, 
as diagrammed on line 2 of Figure 1 .  A summary of previously published 
attempts to construct reversed acrocentrics, along with a collection of such 
experiments reported here for the first time, is given in Table 1. A description 
of the chromosomes listed in the table, as well as those referred to throughout 
this report, may be found in LINDSLEY and GRELL (1968). 

Turning first to the upper part of the table--the experiments reported earlier- 
it can be seen that reversed acrocentrics were invariably successfully synthe- 
sized, but only if the chromosome in normal sequence had the long arm of the Y 
chromosome appended as its second arm. This requirement for YL is especially 
striking in the case of the pair of parallel experiments of LINDSLEY and SANDLER 
(1963). There, the inverted chromosome (RAG) had the proximal segment of 
T ( l ; 4 )  Bs attached distally, providing almost ten genetic units of euchromatin 
homologous to the proximal region of the X in normal sequence; an exchange 
in this rlegion would generate a compound. Nevertheless, even in this case, 
reversed acrocentric compounds were recovered only when Y L  was appended 
to the centromere of the chromosome in normal sequence. The conclusion at that 
time was that Y L  as a second arm, for  reasons unknown, was a necessary condi- 
tion for the synthesis of reversed acrocentric compounds. 
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COMPOUND-X CHROMOSOME 541 

Turning now to the present experiments-the lower part of Table I-it is 
seen that in fact X YL/scS females do not invariably generate reversed acrocentric 
compounds. Indeed, in large experiments involving three different X.YL chromo- 
somes, no reversed acrocentrics were recovered except when induced by 2000 r 
of X-irradiation. Following irradiation, 80 presumptive compound-bearing 
females ( i .e . ,  females that received a Y chromosome from the father, both X 
chromosomes from the mother, but did not receive the y+  allele from scs) were 
recovered. Each of these females was progeny tested. Ten proved to be free-X 
equational exceptions and were discarded; the nature of the remaining 70 is 
shown in Table 2. 

The distinctions recorded in Table 2 were made as follows. The type of com- 
pound was inferred from the markers homozygous in the original compound- 
bearing female and from the pattern of homozygosis among her progeny. 
Reversed acrocentrics are heterozygous for all markers, or homozygous for prox- 
imal markers; among the progeny of reversed acrocentrics, medial markers 
become homozygous most frequently. The heterozygous and homozygous 
reversed acrocentrics tire expected from direct attachments and sister-strand 
unions, respectively. Attached-X compounds are recovered as distal homozygotes, 
and their progeny will be homozygous for distal markers most frequently. An 
event generating an attached-X is diagrammed in line 3 of Figure 1. 

These determinations were confirmed by cytological analysis of mitotic meta- 
phase figures in larval neuroblast cells of several compounds of each type. The 
single compound not explained by the events enumerated above, the homozy- 
gous m reversed acrocentric. must have originated from a multiple-exchange 
event. 

A female was classified as “sterile” if she produced fewer than two female 
offspring, “semisterile” if she produced fewer than 30 total offspring, and “fer- 
tile” otherwise. These distinctions, while arbitrary, do define an easily recog- 
nizable difference between fertile and infertile females. The separation of infer- 
tile females into sterile and semisterile classes, on the other hand, is likely less 

TABLE 2 

An annlysis of the 55 compound-X chromosomes and 15 steriles recorded 
in the cross of X-irradiated females in Table 1 

Phenotype 
of exception 

Y 
Y f  
Y uf 
y cu m car 
y m car 
y car 
Y m  
Y CU 
y cu m 

Sterile 

4 
5 
4 
0 
0 
0 
0 
0 
2 

C ( 1 ) R A  
Fertile 

bbc bb bb+ 

15 2 5 
2 0 1  
2 0 0  
1 0 0  
2 0 0  
2 0 0  
1 0 0  
0 0 0  
0 0 0  

C(i‘)RM 
Semisterile Fertile Semisterile 

4 a 0 
5 0 0 
7 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 1 0 
0 4 1 
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542 L. SANDLER AND J. O’TOUSA 

fundamental. Only one semisterile line could be maintained for further testing; 
this is the heterozygous line, C(I)RA-IO, for which data are presented below. 

Finally, a fertile compound is classified bb+ if, in the absence of a Y chromo- 
some, compound-bearing females survive and are phenotypically normal. If 
such females survive (poorly in all cases) and are bb, they are so classified, 
while bbz implies that X X / O  females do not survive. It may be noted that the 
five fertile attached-X chromosomes recorded in Table 2 are, as would be 
expected (Figure 1, bottom line), bb+; the semisterile C(I)RA-IO is also bb+. 

Thus, there are two major differences between the current and the earlier 
work relative to the origin of reversed acrocentrics. First reversed acrocentrics 
were generated spontaneously in the earlier work; whereas, here they were 
formed following irradiation. Secondly, whereas the compounds synthesized 
earlier were exclusively bb+, following irradiation bb and bb-deficient com- 
pounds are most often recovered. Together, these observations suggest that the 
events leading to radiation-induced reversed acrocentric generation are differ- 
ent from the spontaneous events, and are perhaps more similar to translocation 
events than to occasional exchange events that may occur in heterochromatin. 

The two syntheses, on the other hand, do share two common properties: (1) 
both generate reversed acrocentrics by means of direct attachment, as well as by 
sister-strand union, and (2) a substantial number of presumptive compound- 
bearing females are sterile in both sets of experiments. 

It seems clear from the present results that YL is not sufficient to assure the 
generation of reversed acrocentrics spontaneously. Several X.YL chromosomes 
failed to generate compounds spontaneously even in extensive tests. Therefore, 
it is likely that the ability to form reversed acrocentrics spontaneously is 
restricted to certain X.YL detachments, perhaps detachments containing a special 
heterochromatic rearrangement, and that one such detachment was the X.YL 
chromosome used in all of the earlier experiments. This supposition is rendered 
more probable by the following two observations. First, one other type of com- 
pound-X chromosome, the tandem acrocentric, is synthesized by a heterochro- 
matic exchange similar to that required to synthesize a reversed acrocentric. Like 
reversed acrocentrics, but unlike other compound-X chromosomes, tandem acro- 
centrics are synthesized with great difficulty and only by very complex 
exchange events (NOVITSKI 1954; SANDLER and LINDSLEY 1963; MERRIAM 1968; 
and, especially, the review of LINDSLEY and SANDLER 1963). Second, much of 
the peculiar recombinational behavior that characterized the spontaneously gen- 
erated reversed acrocentric compounds does not, as will be documented below, 
extend to the X-ray-induced compounds produced in the present experiments, 
nor to the two differently synthesized reversed acrocentric compounds reported 
earlier (SANDLER 1958; GETHMANN 1967). 

On the exchange distribution in reversed acrocentric compounds 
Recombination between the component elements of reversed acrocentric com- 

pound-X chromosomes has been monitored in crosses involving C ( 1 )  RA/y  + YL 
females carrying two examples each of b b f ,  bb and bbz reversed acrocentrics; 
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COMPOUND-X CHROMOSOME 543 

TABLE 3 

The results of crosses of females carrying the indicated reversed acrocentric compound-X 
chromosome and yfYL byYsX.YL, In(l)EN, y B/O males in the cases of C(1)RA-1 

and C(1)RA-9 and by YsX.YL, In(l)EN, y B/Y males in the other cases 

Freq.S 
C(I )RA/y+YL R e g . d d *  Reg.?? Exc .88  Exc.? 9 $’ $‘+Total+ Exc.dd 

-1 (bb+) 4389 2806 75 13 0.39 0.02 0.005 
-9 (bb-t) 4848 3100 71 15 0.39 0.02 0.005 
-49 (bb) 4227 2492 169 10 0.37 0.04 0.004 
-77 (bb) 4602 2703 196 12 0.37 0.04 0.004 
-2 (bbz) 5655 3440 21 5 15 0.38 0.04 0.004 
-3 (bbl) 4159 2523 85 6 0.38 0.02 0.002 

‘This number has been corrected from an observed of 3169 for C(2)RA-I and 3551 for 

t Computed among regular offspring only. 
$ Computed among males only using uncorrected “regular males” as totals. 
$ Computed among females only. 

C(2)RA-9 (see text) ; for the other compounds, the figures are as observed. 

a first summary of the results is given in Table 3. To make these crosses as comp- 
arable as possible to those reported earlier ( SANDLER 1954), the bb+ compound- 
bearing females were crossed to attached-XY/O males. In the case of the bb and 
bbz compounds, the crosses were to attached-XY/Y males so that female off spring 
would survive. To compare crosses involving these two kinds of males, however, 
it is necessary to adjust the frequency of the XY-bearing sperm class in attached- 
XY/O males upward to correct for the loss of a fraction of the attached-XY 
chromosomes during meiosis (SANDLER and BRAVER 1954; HARDY 1975). This 
has been done in Table 3, and subsequently, in the following way. From a cross 
of C(1)RA-9/y+YL females by Y*X.YL, Zn(l)EN, y B/Y males, 661 regular 
females and 1022 regular males were recovered. This means that in all crosses 
to attached XY/O males recorded in the tables, the male progeny class should be 
corrected upward by a fraction, z, such that Q 0 + ( 0 9 4- x 8 8 = 661 + (661 4- 
1022). 

It can be seen from the data in Table 3 that insofar as meiotic behavior is 
reflected in the sex ratio and in the rate of nondisjunction, the extent of hetero- 
chromatic differences among the three different bb classes of reversed acrocen- 
trics is not an important factor. 

In these crosses, homozygosis for the heterozygous recessives-cv, U ,  m, f and 
car-was also scored. The coupling relations among these markers varied from 
female to female, but progeny only from females in which the medial markers, 
U and m, were in repulsion are included in the data presented here. The homozy- 
gosis results are given in Table 4. Finally, these data, summed to exhibit the 
three quantities necessary for an exchange analysis-the number of males, the 
number of females homozygous for alleles heterozygous in the parental females, 
and the number of females still heterozygous at all loci-are presented in Table 5. 

To  translate these numbers into the frequencies of tetrads with no ( E o ) ,  one 
( E , ) ,  and two ( E , )  exchanges, we follow the method of WEINSTEIN (1936). The 
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544 L. SANDLER AND J. O'TOUSA 

TABLE 4 

Recombination in reversed acrocentric compound-X chromosomes heterozygous for cv v m f 
and car in uarious coupling phases in females d s o  currying y+YL 

Phenotype 
Type of progeny of progeny 

Regular 8 8 B 
Exceptional P 0 + 
Exceptional 8 8 y B  
Regular 0 P Y 
Homozygous 0 0 y c u  

YU 
y m  
Y f  

Y u f  
y cur 

y c u m  
y m car 
y cu m cur 
y U car 
r m f  
y c u m f  
Y f car 
y m f c u r  
y cu m f cur 
y u f c u r  
y cu U 

YCUVf 
y cu u cur 
y cu f cur 
y c u  u f cur 
y cu cur 

C ( f ) R A - f  C(1 IRA-9 C(IjRA-49 C(f jRA-77 C( l jR- l -2  C( f )RA-?  - _ _ _  
4389* 

13 
104' 

2490 
4 

107 
60 
17 
10 
21 
20 
12 
3 
4 

15 
5 

19 
17 
2 
0 
0 
0 
0 
0 
0 
0 

-~ ~ 

4848 * 
15 
97* 

2704 
4 

92 
88 
39 
15 
44 
27 
14 

1 
6 
7 
0 

25 
4 
1 

26 
2 
1 
0 
0 
0 
0 

- _ _ _  
4227 

10 
169 

21 23 
5 

70 
67 
48 
33 
29 
30 
20 

6 
7 

25 
9 

13 
2 
0 
4 
0 
1 
0 
0 
0 
0 

4602 
12 

196 
2276 

9 
89 
78 
30 
36 
53 
30 
20 
2 

16 
33 
10 
4 
1 
2 
5 
7 
1 
1 
0 
0 
0 

_ _  
5655 

13 
215 

2975 
1 

85 
93 
37  
32 
51 
34 
18 
9 
9 

31 
9 

22 
6 
1 

10 
10 
5 
0 
1 
1 
0 

-A 

41 59 
6 

85 
2099 

4 
113 
92 
29 
12 
26 
33 
10 
4 

25 
48 
5 
3 
3 
0 
1 

13 
0 
2 
0 
0 
1 

The crosses are given in Table 3. 
* Corrected for meiotic loss of the attached-XY chromosome. 

TABLE 5 

A summary of exchange in reversed acrocentric compound-X chromosomes 

Type o f  progeny C(I)RA-I C ( I J l A - 9  C ( l ) R A 4 9  C ( f  /RA-77 C(l jR.4-2 C( l )RA-3  

Regular 8 8 4389 4848 4227 4602 5655 41 59 
Regular 0 0 2467 2675 2105 2263 2952 2092 
Homozygous 0 0 * 339 425 387 440 488 43 1 

E* 20.1 19.8 8.7 7.9 13.0 21.3 
El 64.4 63.4 73.0 73.0 69.7 58.0 
E2 15.4 17.5 18.3 19.1 17.3 20.7 

The data are given in Table 4. 
* The y cu and y f cur classes have been doubled and also subtracted from the regular female 

class. 
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COMPOUND-X CHROMOSOME 545 

consequences of all possible exchanges of each rank (but E,  f E, f E, = 1) are 
considered. assuming that the relative frequencies of the different exchanges 
within an exchange rank are determined by random strand involvement (no 
strand preference and no chromatid interference). This has been done for the 
case of reversed acrocentrics by SANDLER (1954) ; the results are: 

Regular males = (1/2) ( E ,  f E, 4- E,) 
Regular females = ( 1/2)E0 f (1/4) E, f ( l /8)  E, 
Homozygous females = (1/4)E,, 

with lethal anaphase I1 bridges accounting for (1/4) E, f (1/8) E, of meioses. 
The solution to these equations for the six reversed acrocentrics is shown in the 
lower part of Table 5. 

The most striking aspect of these results is that there is no evidence of the 
deficiency of single-exchange tetrads that characterized the earlier analyses of 
spontaneously generated reversed acrocentric compound-X chromosomes (SAND- 
LER 1954). Single-exchange tetrads, as is typical, are the most frequent of the 
exchange types and, relative to structurally normal free-X tetrads, recombina- 
tion is only somewhat reduced. It seems, therefore, that the peculiar exchange- 
rank distribution of the earlier-analyzed reversed acrocentrics was another man- 
ifestation of the particular input chromosome that allowed their spontaneous 
synthesis, and is not a special property of the structure of this type of chromo- 
some, as suggested previously ( SANDLER 1954, SANDLER and KASTENBAUM 
(1958). GETHMANN (1967) analyzed a reversed acrocentric compound, differ- 
ently synthesized, lacking the interstitial block of heterochromatin; it showed a 
normal exchange-rank distribution. Our results imply that a normal distribu- 
tion would have obtained irrespective of the presence or absence of the hetero- 
chromatic block. It is also clear that the suggestion by SANDLER (1958) that, 
because another uniquely synthesized reversed acrocentric compound with Y L  
appended as a secmd arm did not show a deficiency of single-exchange tetrads, 
Y L  had some special property in determining exchange frequencies, was also 
likely incorrect. 

On the effects of heterochromatin on reversed acrocentric compounds 

Two pecularities exhibited by reversed acrocentric compounds that obtain for 
all of the compounds, however synthesized, have been studied. The first is that 
y+YL, when present as a homolog for  a reversed acrocentric compound, markedly 
increases the frequency of recombination between the arms of the compound. 
Table 6 documents this effect for the radiation-induced reversed acrocentric com- 
pounds studied here; for data illustrating this same effect in the case of spon- 
taneously generated compounds, see SANDLER (1952, 1958). The second 
peculiarity characteristic of all syntheses of reversed acrocentric compound-X 
chromosomes is that a sizeable number of presumptive compound-bearing females 
are produced that are sterile. This fact is documented in Tables 1 and 2. 

It can be seen from Table 6 that in the cases of the bb+ C(1)RA-1 and 
C(I)RA-9 ,  which can be tested both with and without the y + Y L  homolog, 
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546 L. SANDLER AND J. O'TOUSA 

TABLE 6 

A comparison of the rates of homozygosis in reversed acrocentric compound-X 
chromosomes with and without y+YL as a homolog 

Homozygous O 9 + Total P O 
C(1)RA cu U m f car Total 9 9 

-1/o 
-1 /y+ YL 
-9/o 
-9/y+ YL 
-49/y+ YL 
-77/y+YL 
-2/y+YL 
-3/y+YL 

0.99 2.48 3.47 2.97 2.48 
1.21 4.70 4.78 3.42 2.39 
0.58 1.73 2.31 0.00 0.00 
1.16 5.42 4.68 4.94 2.97 
2.05 4.45 6.38 5.26 3.41 
2.29 6.36 6.51 5.14 3.22 
1.92 4.97 5.58 5.06 3.17 
2.46 7.13 7.73 4.56 2.42 

202 
2806 

173 
3100 
24Q2 
2703 
344Q 
2523 

homozygosis is generally much higher in the presence of the homolog (the most 
reliable, because most numerous, data are those for U and m). Furthermore, 
although the other compounds cannot be tested without a bb+-bearing homolog, 
it is evident that the rates of homozygosis with y+YL are comparable among all 
six compounds, very strongly suggesting both the generality of this homolog 
effect and its independence of the heterochromatic content of the interstitial 
region of the compounds. 

Turning now to the sterility otf newly synthesized reversed acrocentrics, we 
have made a distinction (Table 2) between fertile and semisterile compounds; 
the basis for  this distinction is documented in Table 7. Although not proven, it 
seems reasonable to suppose that the defect associated with complete sterility 
is not fundamentally different from the defect causing semisterility. The most 
striking result recorded in Table 7, however, is that the high level of fertility of 
C(Z)RA-9 is evident only when y+YL is present as a homolog; the compound 
is semisterile in the absence of the homolog. That this is a general property is 

TABLE 7 

A comparison of the fertility (adult progeny per female parent) of bb+ compound-bearing 
females with and without a homolog (y+YL) for the compound 

Mother No. mothers 
No. progeny 

P O  dd 

C(I)RA-9/0 
C(I)RA-9/y+ YL 

C(1)  RA-lO/y+ YL 
C(1)RA-10/0 

C(1)  RM-29/0 
C(1)  RM-29/y+ YL 

C(1)  RM-51/0 
C(I)RM-Sl /y+ YL 

Fertile 
Fertile 

Semisterile 
Semisterile 

59 
58 

23 
25 

27 
22 

12 
U) 

173 147 
3115 4919 

429 351 
418 435 

720 522 
892 677 

66 67 
539 454 

Pmgen 
per , d e r  

5.4 
138.5 

33.9 
34.1 

46.0 
71.3 

11.1 
4.9.7 

_ _ ~ ~  ~~ ~~~ 

The cross is of the indicated females by YsX.YL, In( l )EN,y B/O males. 
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indicated by our observation that a Y chromosome markedly increases the fer- 
tility of females bearing any of the fertile reversed acrocentric compounds. The 
fertility of the semisterile C(I)RA-IO, on the other hand, is not changed by 
y+YL. It appears, then, that the distinction between fertile and inferitle com- 
pounds is whether or not the y+YL homolog will increase the fertility of com- 
pound-bearing females. 

In addition to examining the effect of y+YL on the fertility of C(I)RA-IO- 
bearing females, we have also tested the effect of Dp(I; f )3 ,  which is a free dupli- 
cation composed of the entire basal heterochromatin, the centromere, and the 
euchromatic yf tip of the X chromosome and thus would cover any heterochro- 
matic deficiency of the reversed acrocentric compound. This duplication, like 
y+YL, does not increase fertility of C(I)RA-IO-bearing females [C(I)RA-IO/ 
Dp( l ; f )3  females yield an average of 24.1 progeny per female]. Table 7 also 
contains data on two of the reversed metacentric compounds recovered in these 
experiments. While the increase in fertility is not as dramatic as that shown 
by the fertile reversed acrocentric compound, these compounds also show a 
homolog effect on fertility. 

To inquire further into the nature of the effect of y+YL on the fertility of 
the reversed acrocentric C(I)RA-9, egg production and subsequent survival to 
the adult stage were measured in compound-bearing females carrying no homo- 
log, y+YL or Dp(1;f)S.  The results are given in Table 8. I t  is evident from these 
results that egg production is drastically lower in females lacking a homolog; 
egg hatch through survival to eclosion is constant irrespective of the presence 
of a homolog. It is also clear that Dp( l ; f )3  behaves like y+YL, demonstrating 
that X heterochromatin can also produce the increase in fertility of compound- 
bearing females. 

Thus, certain heterochromatic elements can cause an increase in both the fer- 
tility of, and recombination in, the reversed acrocentric compound-X chromo- 
some. In order t o  further investigate the nature and generality of these effects, 
recombination and fertility were monitored in C(IjRA-9-bearing females carry- 
ing any one of a variety of different heterochromatic homologs; the results are 
tabulated in Table 9. Two identical experiments were performed at two different 
times, each utilizing a different subline of the reversed acrocentric compound, 
C(I)RA-9. The two experiments are in excellent qualitative agreement with each 

TABLE 8 

The nature of the effect of y+YL on the fertility of C(1)RA-9 
~~ 

Progeny Progen Eggs 
Homolog No. mothers No. eggs* ? 0 d$ p e r m d e r  per mother % Eclosion 

None 62 318 34 56 1.5 5.1 28 
y+ YL 83 35446 526 631 13.9 42.6 33 
D p ( I ; f l 3  81 2644 328 471 9.9 32.6 30 

The cross is of females carrying C(I)RA-9 and the indicated homolog by YSX.YL,ln(I)EN,y 
B/O males. 

' * Eggs were collected for 19 consecutive hours from 7-day-old females. 
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TABLE 9 

The efJect of various heterochromatic homologs on the fertility (adult progeny per female pareni) 
and the rate of homozygosis (for v + m summed) of C(1)RA-9- bearing females 

Progeny 
Approx. Experi- Xu. Reg. Exc. Reg.? ? Exc.? 9 per %Homo- 

Jloninlog size* bb merit mothers dd d$ + u+m + v + m  mother zygous 

None - 

Dp(1; f ) f  144 1 

Dp(l;f) i346 2 

Dp(i;f)856 3 

DP(l ; f ) 3  4 

Dp(1;f)fbb-  2 

y+YL - 

Y + Y  - 

- 

- 

t 

+ 
+ 
- 

+ 
+ 

I 58 
I1 58 

I 49 
I1 36 

I 35 
I1 25 

I 47 
I1 30 

I 52 
I1 45 

I 33 
I 36 

I 55 
I1 42 

I 34 
I1 28 

268 -- 300 
994 - 937 

161 109 119 
421 298 338 

686 153 618 
1134 373 1066 

2500 244 2116 
1754 312 1725 

2100 73 1654 
2495 225 2117 

324 110 3ffi 
949 144 813 

2626 29 2293 
3731 70 2731 

1023 10 1068 
1595 111 1555 

9 
4i) 

4 
10 

43 
76 

161 
158 

107 
101 

19 
33 

175 
250 

77 
123 

- -  
_ -  
82 4 

212 8 

120 9 
195 13 

171 15 
179 24 

66 5 
97 7 

103 4 
144 3 

17 0 
19 2 

3 0  
6 1  

9.9 
34.0 

9.8 
35.8 

46.5 
114.3 

110.8 
138.4 

77.0 
112.0 

27.4 
57.9 

93.5 
162.0 

64.1 
121.1 

2.9 
4.1 

3.8 
3.2 

6.6 
6.6 

7.1 
8.7 

6.1 
4.7 

4.9 
3.6 

7.0 
8.4 

6.7 
7.4 

Two different experiments, done with different sublines of the reversed acrocentric compound, 
are presented. The cross in both cases is females carrying C(I)RA-9 and the indicated homolog 
by YSX.YL,ln(l)EN,y B/O males. 

* These are given as approximate multiples of mitotic chromosome 4; the exact determinations 
are those of KRIVSHENKO and COOPER (given in LINDSLEY and GRELL 1968) for all but Dp(1; f )  
3bb-; this duplication was constructed by DILYS M. PARRY as an X-ray-induced bb on Dp(Z;f)3 
and further characterized by HAEMER and DUNCAN (in preparation). 

other and with the original experiment for which the data were given in Table 7. 
There is, however, some quantitative variation between the two experiments. 
This is very likely a consequence of the difference in the way in which the two 
sublines of the compound were maintained. The compound was maintained over 
a free-Y chromosome in the stock used in experiment I. while the second experi- 
ment utilized a stock in which the compound was kept without a homolog. 
Because of the infertility of the compound in the absence of a homolog, the strong 
selection for fertility in that case could have resulted in the variations in these 
results. 

The first conclusion that can be drawn from the data in Table 9 is that the 
Y-chromosome derivatives, y + Y and y+ YL, behave alike in increasing both the 
homozygosis frequency and the fertility of compound-bearing females. Although 
the data are not presented, recombination and fertility have also been monitored 
in C(I)RA-9-bearing females carrying either BsY or  an unmarked Y chromo- 
some as a homolog. In these cases, the homolog also caused an increase in the 
level of both fertility and the frequency of homozygosis. Thus, the two effects 
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are clearly caused by (at least segments of) the heterochromatin of the Y chro- 
mosome and not by the euchromatic y+ tip of the X chromosome carried by 
y+YL and y+Y. 

We now consider the data on the effect of X-heterochromatic homologs. These 
homologs all carry the centromere of the X chromosome, a portion of the 
X heterochromatin starting at the centromere and proceeding distally for some 
length, and the euchromatic y+ tip of the X chromosome. As the different homo- 
logs contain defined regions of X heterochromatin. they are used here to identify 
the regions of the X heterochromatin which cause the increases in fertility and 
recombination in the reversed acrocentric compound. 

The four free-X heterochromatic duplications listed in Table 9 [ D p ( l ;  f )3bb-  
will be considered separately] divide the X heterochromatin into four approxi- 
mately equal quarters. Their effects on fertility and recombination, as given in 
Table 9, are diagrammed in Figure 2. The most striking aspect of these data 
is the covariance of the fertility and recombination values for each of the homo- 
logs tested. Correlation coefficients of 0.88 and 0.91 were computed from the 
entire data of Table 9 for experiments I and 11, respectively. This covariance 
implies that both the level of fertility and the frequency of homozygosis are 
controlled by the same element, or property, of the heterochromatic homologs. 

It is clear that the smallest homolog, Dp(l;f)1144, has no effect on either fer- 
tility or recombination, while the three larger homologs all cause increases in 
these parameters. This suggests that the segment of X heterochromatin defined 
by the breakpoints of Dp(i; f ) l144 and Dp(l;f)3346 contains a factor (or region) 
that causes a substantial increase in both the fertility of, and recombination in, 
C(2)RA-bearing females. It is of interest to note that it is this region that is 
likely to be deleted during the formation of a reversed acrocentric compound 
(see Figure 1).  To  account for the different characteristic levels of fertility and 
recombination shown by the larger duplication, it is necessary to assume that 
other factors. located elsewhere in the X heterochromatin, also affect the level 
of the response. I t  is of interest to note that certain maternal-effect mutants 
show similar patterns of interactions with X-heterochromatin; possible explana- 
tions for these patterns are discussed by HAEMER and DUNCAN (manuscript in 
preparation). 

An alternative interpretation of these data is that it is merely the quantity 
of essentially undifferentiated heterochromatin that determines the level of the 
increase in fertility and recombination. There are several observations that weigh 
against this possibility. First, the level of the response caused by Dp(l;f)856 is 
greater than that of the larger Dp(l ; f )3 .  This is also true for the Y-chromosome 
derivatives, as y + Y L  causes a greater increase in fertility and recombination than 
does the larger y+Y.  These results would require, under this interpretation, that 
there exist a quantity less than the entire X h  that will cause the greatest response. 
Even this, however, would still leave the problem that y+YL and Dp(l; f )856 
are not similar in size, but have similar effects, while Dp(l;f)3bb- is very simi- 
lar in size to Dp(l;f)1346, yet these two do not have similar effects on fertility 
and recombination. 
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FIGURE 2.-The effect of X-heterochromatic homologs on the fertility of, and on the rate of 
homozygosis in, C(ijRA-9-bearing females. The data upon which these graphs are based, and 
a description of the X-heterochromatic homologs, are given in Table 9. These two graphs corre- 
spond to experiments I and I1 of Table 9; the X-heterochromatic homologs are arranged along 
the abscissa in order of increasing size, with the initial point (labeled “zero”) being the absence 
of a homolog. 

Thus, it appears most likely that a certain region of the X heterochromatin 
and, by inference, the Y chromosome can interact with the reversed acrocentric 
to cause increased levels of recombination and fertility in C(I)RA-bearing 
females. This region of the X heterochromatin contains the bb locus, but there 
are two reasons to suppose that the bb locus itself is not responsible for the effects. 
First, all compounds, whether they are bbf, bb or bb-deficient, respond to the 
homolog effect on recombination in identical ways (see Table 6 ) .  Secondly, 
Dp(1;f)Sbb- lacks the bb locus, but still causes a small increase in fertility and 
recombination (Table 9). The factor(s) effecting the increase in fertility and 
recombination, then, must lie in the X heterochromatin near to, but distinct 
from, the bb region. 
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