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ABSTRACT

The autosomal recessive, maternal-effect mutation abnormal cocyte (abo:
2-38) preferentially lowers the viability of XO progeny. The severity of the
sex-ratio distortion is reduced by duplications of maternal or zygotic hetero-
chromatin (Sanprer 1970, 1977; Parry and SanprLer 1974). Utilizing
X-chromosome inversions that contain modifications in the quantity and
arrangement of the heterochromatic functions, XA and cr+, we have ex-
tended our investigations of abo’s influence on XO male recovery and rDNA
redundancy (Kriper, YEpvoenick and Lrvine 1979). XO males bearing
In(1)sc81LscsR or In(1)wmiLsct® are recovered twice as frequently as X
chromosomes containing a single X4 region, implying that these inversions
possess a duplication of XA%9, agbo mutant females heterozygous for
In(1)scS1Lgcd® and wild-type X chromosomes generate XO progeny that do
not contain elevated rDNA redundancies. XO males containing In(1)wm+
exhibit male recoveries and rDNA elevations similar to those of males bearing
a wild-type X chromosome, when both derive from a common abo/abo
mother. Reciprocal crosses between In(f)w™+ and Canton-S males to
attached-X abo females show significant, though reduced, sex ratios in the
absence of an rDNA effect. The observation that abo can elevate the rDNA
redundancy of In(1)w™4, a chromosome that does not compensate, suggests
that abo and cr+ functions are not directly related.

THE chromosome 2 mutation, abnormal oocyte (abo:2-38), is a recessive
maternal effector that reduces the viability of all progeny derived from mutant
mothers, particularly XO males. SANDLER (1970) observed that the lethality im-
posed by abo was influenced by the amount of sex-chromosome heterochromatin
present in mutant mothers or their progeny. This led Sanprer (1970) to suggest
that the abo locus may interact with the ribosomal RNA cistrons (rDNA), which
are situated within these heterochromatic regions.
Kriper and LEviNe (1975) reported significant elevations in the rDNA content
of homozygous abo lines. More recentl};,\ Kriper, YepvoBnICK and LevVINE

(1979) demonstrated that the XO and XXY progeny of abo/abo mothers possess

* Present address: Department of Molecular Biophysics and Biochemistry, Yale University, New Haven, Connecticut
06511.
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elevated rDNA redundancies, relative to the progeny of abo/+ controls. Appar-
ently, the mutant abo locus is associated with unstable rDNA frequencies.

The compensatory response (cr+) function has also been associated with the
disproportionate replication of rDNA (Procunier and Tarror 1978). crt has
been localized to X-chromosome heterochromatin, distal to the nucleolus organizer
(NO) region. Procunier and Tarror (1978) reported that, when “cis and con-
tiguous” with the NO, ¢rt mediated the disproportionate replication of rDNA in
XO and XX%°- genotypes. crt initiates a compensatory response at its adjacent
NO region in the absence of an homologous ¢r+, implying a frans interaction
between cr sites located on X or ¥ chromosomes.

The heterochromatic segment to which ¢r+ is localized also has been implicated
in abo phenotypic expression (Parry and SanprLer 1974). This region, when
duplicated in free fragments, reduces the viability effects of the abo mutation and
is presumed to bear a site, Xh®°, that interacts with the abo gene function. We
speculated that if XA%° and ¢r+ share a common chromosomal region, they may
also represent a common function, a notion supported by the fact that both cr*
and abo can influence rDNA redundancy. Therefore, we have attempted to extend
the correlation between cr+ and abo-mediated functions. In this study, we have
(1) reexamined and confirmed Parry and SANDLER’s (1974) description of XA
function, (2) separated the effect of abo on viability from its influence on rDINA
redundancy, and (3) demonstrated that the interaction of ebo with proximal X is
unimpaired by a transposition of heterochromatin containing the X4%° and cr+
functions. The latter observation shows that the abo influence on rDNA redun-
dancy and viability is unchanged by a chromosomal configuration that eliminates
the compensatory response. The major implication of our observations is that
abo and cr* functions are not directly related.

MATERIALS AND METHODS

Drosophila stocks and culture conditions

D. melanogaster stocks were grown on cornmeal, agar and sucrose medium in bottles and
vials at either 22 + 1° or 25 &= 0.5°,

The following stocks were utilized in this study (for a complete description see LiNDsLEY
and GreLL 1968):

Canton-S: obtained from A. CmovNick (University of Connecticut) is the wild-type back-
ground of the @bo mutation and represents the standard internal control for male recovery and
rDNA redundancy analyses.

{166 Bowling Green: sc®YBS8/y scS81 InS ufsct and y f:—. The In(1)scSZsct® X chromosome
is duplicated for most of the X heterochromatin, including the region reported to contain the
Xhove and crt loci (Figure 1).

§57 Bowling Green: YV sy-var/uwm™+, The In(1)w™ chromosome breakpoint within X het-
erochromatin lies distal to the NO region, but proximal to the XA and ¢r+ loci (Figure 1).
Therefore, the latter loci in this rearrangement are no longer cis-contiguous with the NO region.
The Y% su-var chromosome was substituted with a Canton-S ¥ chromosome in this study.

¢6 Bowling Green: y sc* B fInS, and y f:==. The In(1)sct heterochromatic breakpoint is
just proximal to the euchromatic-heterochromatic junction (Figure 1).

In(1)wm4LsctR: This chromosome was selected as a recombination product from a female
heterozygous for the In(Z)wm+ and In(1)sct chromosomes. Males with appropriate markers
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Ficure 1.—Diagram of the wild-type (Canton-S) and inversion X chromosomes used in this
study. Heterochromatin is represented as blocks, euchromatin as lines, and centromere as [].
The arrow denotes the approximate location of the XA%b°_¢r+ region. NO = nucleolus organizer.
For a detailed description of the breakpoints in these chromosomes, see Linpsiey and GreLL
(1968).

were selected and balanced against C(/ )RM/Y females. Cytological analysis of mitotic neuro-
blast preparations from third-instar larvae confirmed that males of this stock bear X chromo-
somes with the distal heterochromatin of In(f)w™4, and the proximal heterochromatin of
In(1 )sct (Figure 1).

Xy (snoc): Obtained from S. Asramamson is the following genotype: YSXYL, In(EN )ptg
oc snf aml C(1)RM, sc ct® sn*2 pig car, In(1 )dl-49, y /0. A spontaneous w mutation was isolated
on the XY chromosome. Following matings to XX females, white-eyed males resulting from
X-chromosome nondisjunction in females are readily scored. Male recovery values were corrected
for nondisjunctions.

abo: In a Canton-S background and maintained in a heterozygous line opposite In(2LR)Cy
was provided by L. Sanprer (University of Washington). The Cy chromosome possesses a wild-
type abo locus. In the text, abo/Cy is referred to as abo/-}.

XX abo: C(1)RM y pnv and YSXYZ, In(1)EN, y B/O was maintained against In(2LR)Cy
and was also provided by L. SANDLER.

In the text, inversion X chromosomes will be referred to as scS1LsctB, wmi, sct and w™4LschB,
Furthermore, when these chromosomes are present in males without a ¥ chromosome (XO
males), the genotype will be referred to as sc81Lsc4® X0, wm+ X0, etc.

Generation of XO progeny: XO males were generated by 2 methods: (1) Females of the
appropriate fhromosome 2 genotype (abo/abo, abo/Cy) and carrying free X chromosomes were
crossed to XY (snoc) males, and (2) Canton-S, w™4, sct, and w™4Lscé® males were crossed to
XX abo/abo, abo/Cy females, Each male possessed a Canton-S ¥ chromosome. Since XO males
are sterile, samples of the male progeny from the matings were crossed to virgin females and
monitored for fertility. Only sterile lines were included in the male recovery data and only
fertility-tested males were analyzed for tDNA content.
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Male recovery values were calculated by the formula: Number of experimental males/
control males X control females/experimental females (SaNDLER 1977).

RNA-DNA hybridizations: The determination of rDNA redundancies in XO progeny was
performed utilizing a microhybridization method recently developed in our laboratory (Kmiper,
YepvoeNIck and Levine 1979; YepvosNick, Kriper and DuTtron 1980). Since its initial descrip-
tion, the method has been simplified further by the omission of hydroxylapatite chromatography
of hybrid molecules. We have reduced the experimental variation by directly binding duplexes
to nitrocellulose filters (ScrrErcHER and ScmurLL) in 6 X SSC and carrier DNA (1 X SSC=
0.15 m NaCl, 0.015 m Na citrate).

The hybridization data presented in Tables 2, 6 and 7 derive from the analysis of at least 2
DNA isolations, with a minimum of 5 determinations performed on each DNA sample. Canton-S
female DNA preparations were included as an internal control for all experiments.

XO hybridization values were corrected by a factor of 0.9 (Tarror 1971). All values are =
standard error of the mean.

RESULTS

The effect of proximal X duplications on the abo phenotype: In their description
of XA, Parry and SanpLER (1974) utilized a series of X-chromosome dupli-
cations containing increasing amounts of heterochromatin to rescue the XO
progeny of mutant females. Due to the diverse origins of these fragments (LiNDs-
LEY and GreLL 1968), as well as the potential for position effects in this region
(BAxER 1971), we initially attempted to confirm the existence of this function
within X-chromosome heterochromatin.

Females heterozygous for the sc¢5£sc*® chromosome and a wild-type Canton-S

A~
X chromosome, and either abo/abo, abo/+ or +/+ were mated with XY males.
The male recoveries of the two XO classes that derive from each mating are pre-
sented in Table 1. It is clear that XO males bearing the sc5Zsc*® chromosome in a
wild-type (-+/+) background are recovered less than half as frequently as XO
males containing the Canton-S X (1084 vs. 2751). However, the male recovery of
the sc8Zsct® X chromosome derived from abo/abo relative to abo/~+ females (0.45)
is significantly greater than that of the Canton-S X (0.21). Clearly, the duplica-
tion of a proximal X region in XO males reduces the sex ratio imposed by abo. The
rescue that results from the duplication of X4 in this experiment (0.45/0.21 =
2.14) is similar to that (2.41) observed by Parry and Saxprer (1974), confirm-
ing their report of an XA%° function within proximal X heterochromatin.
We also examined whether an additional proximal X-region within mutant
females influenced the effect of abo on the rDNA content of XO survivors, Pre-

TABLE 1
Results of the crosses of In(1)scS1Lsc4R, y wa/Canton-S, -+-+ abo/abo, abo/--,
~
/4 females X XY males at 22°

A ++ ++ X0 ¥ ws ¥y we X0
XXY X0 recovery X0 recovery
Control (++/4) 4268 2751 1084
Control (abo/--) 3345 2368 0.21 1091 0.45

Experimental (abo/abo) 2964 448 437
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vious studies (Kriper, YEpvoeNick and Levine 1979) demonstrated that the
progeny of sex ratio-expressing abo/abo mothers possess elevated rDNA
redundancies.

The rDNA contents of the parental and progeny classes of Table 1 were
measured (Table 2). It is apparent that the three classes of scSZsct®/Canton-S
females contain rDNA frequencies significantly greater than standard Canton
S (0.3839%) or Oregon-R (0.448%) lines, as expected for genotypes possessing
an additional NO region. Furthermore, Canton-S XO males generated from each
of these females contain approximately 209% more rDNA than predicted from
the parental X-chromosome measurements. The percentage change of Canton-S
X0 males from abo/abo mothers (+18) is not greater than that of XO males
derived from abo/+ (+24) and +/4+ (+16) control classes. Thus, there is no
demonstrable abo effect on rDNA content beyond the 209 compensatory
response.

sc31Lsct® X0 males possess two NO regions and contain greater amounts of
rDNA than Canton-S XO males, as expected. In addition, s¢%*%sc*® XO’s possess
two cr+ regions and, therefore, should not exhibit a compensatory response (Pro-
cunter and Tarror 1978). The percentage change of the sc8Zsct® X0 males de-
rived from abo/abo, abo/+ and +/+ females is about half that observed from
Canton-S XO males. Thus, the disproportionate replication of rDNA within the
sc¥Escé® chromosome is much less than within Canton-S, especially when
calculated on a per NO basis.

Furthermore, the percentage change of s¢%Zsct® XO males from mutant females
(+6) is lower than that of control classes (-+12, +8). Thus, neither class of XO

TABLE 2
The rDNA content of XO survivors from crosses of

A
In(1)sc81LsciR, y wa/Canton-S, +- abo/abe, abo/-+, +/+ females X XY males

Genotype Percent rtDNA Percent change*
s¢S1Lsci® /Canton-S /-~ 0.669 + 0.009 —
Canton-S X0 0.221 + 0.008 -+ 16
s¢S1LschE XO 0.517 £ 0.018 4 8
scS1Lsc4R /Canton-S abo/-+H} 0.671 = 0.009 —_
Canton-S X0 0.245 = 0.005 + 24
scS1LgchE X O 0.532 + 0.006 + 12
scS1LsciR /Canton-S abo/abo 0.727 & 0.012 —
Canton-S XO 0.233 = 0.006 + 18
scSiLgchE XO 0.560 = 0.011 4+ 6

* The percent change of the Canton-S X chromosome was calculated relative to the rDNA
content of the chromosome used to generate the scS1Lsc4B/Canton-S parental female (0.191 /-
class, 0.197 abo/--, abo/abo classes). The percent change of the sc¥1Lsc4E chromosome was calcu-
latled relative to the difference between the sc81LsctE/Canton-S female and the Canton-S input
values.

+ Only non-Curly (abo/-+) XO progeny were selected for the rDNA determinations.
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males derived from sc¥Zs¢#®/Canton-S females is subject to an abo-specific rDNA
effect, although the recovery of both chromosomes is affected significantly by the
abo mutation (Table 1).

Investigation of Xh** and cr*t functions: In the w™ X chromosome, cr* has
been moved from a position cis and contiguous with the NO into euchromatin
near the position of w (Figure 1). In this configuration, cr*+ does not mediate a
compensatory response (Procunier and Tartor 1978). Utilizing this chromo-
some, we have compared the interaction of abo with X4%° and crt functions by:
(1) demonstrating that XA% is transposed by w™ and (2) determining whether
the XA®™° function or the influence of abo on X-chromosome rDNA content is
affected by the transposition.

The position of Xh*™ in In(1)w™* Females heterozygous for the w™ and sc*
inversions were mated to Canton-S males, and recombinant w™Zsc*® males were
selected and confirmed cytologically. Based on the results of ParrY and SaNpLER
(1974), the sc* chromosome should possess a single XA%° function adjacent to
the NO region, whereas w™?%sc*® should contain an additional XA%° function
within the distal w™ heterochromatic segment.

A

sct and w™Lsct® males were mated to XX abo/abo and abo/+ females, and the
male recovery of the XO progeny determined (Table 3). The sc¢* chromosome is
subject to a significant abo-associated sex ratio, as XO males from mutant females
are recovered only 379 as frequently as from controls. However, XO males
bearing the w™Isc*® chromosome are recovered significantly more frequently
(80%). The magnitude of rescue (0.800/0.373 = 2.14) in this experiment is
identical to that observed in Table 1 (0.45/0.21 = 2.14).

We conclude from these data that a functional X%A%° region is located in the
inverted heterochromatin of w™. Consequently, the heterochromatic breakpoint
of w™ must lie proximal to XA?° and distal to the NO.

T he effect of abo on recovery and rDN A content of w™ vs. Canton-S X0 males:
We compared the effect of abo on the male recovery of w™ and Canton-S X
chromosomes by /r\nating abo/abo and abo/+ females heterozygous for these

chromosomes to XY males. Since the expression of abo has been reported to be

TABLE 3

A
Results of the crosses of XX, y pn v/0Q abo/abo, abo/-- females x In(1)sct
and In(1)wm4lsctR males at 22°

Xxy X0 XO recovery
N
XX X sct Control 1948 1587 0.373
Experimental 2807 852
S
XX X wmilsch® Control 1246 789 0.800

Experimental 2310 1171
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temperature sensitive (SANDLER 1970), these experiments were performed at 22°
and 25°.

We observed a significant temperature effect on the male recoveries of the
Canton-S and w™ chromosomes; the recovery of both XO classes at 22° is more
than twice that at 25° (Table 4). Furthermore, the recovery of w™ X0 males is
not different from that of wild-type males (Table 4). Repeated determinations of
Canton-S and w™ XO male viability demonstrates that there is no significant
difference in the mean male recovery values,

N\

Results from the reciprocal matings, Canton-S and w™* males to XX abo/abo
and abo/+ females, are presented in Table 5. XO males derived from these
matings are subject to a significant temperature effect. Moreover, the male re-
coveries of wild-type and w™ X chromosomes are identical at both temperatures.
Therefore, the XA%° function persists when inverted in the w™ inversion. We

note that XO males are recovered in greater frequency from X/'}( abo/abo females
(Table 5) than from mutant females with free X chromosomes (Table 4), an ob-
servation previously reported by Sanprer (1970).

The rDNA content of the w™ and Canton-S XO male progeny from the matings
of Tables 4 and 5 are presented in Tables 6 and 7. As we have shown elsewhere
(Kriper, Yepvoenick and Levine 1979), Canton-S XO males derived from
abo/~+ mothers do not compensate (+ 29%), whereas Canton-S XO males of
abo/abo females possess elevated rDNA quantities (+ 129, Table 6). This ele-
vation is significant, but less than that observed previously. We note, however,
that the absolute rDNA content observed in this experiment (0.2219%) is very
close to that reported earlier ,0.2319%).

The rDNA frequencies in w™ XO males from abo/+ females are not greater
than expected (—79), as predicted from the observation of Procunier and
Tartor (1978). However, those ™ X0 males surviving from mutant mothers
possess 349, more rDNA than expected (Table 6). The rDNA elevation measured
in w™ indicates that the inversion of XA%° and cr+ functions does not affect the
interaction of abo with rDNA.

TABLE 4
A
Results of the crosses of In(1)wmt/Canton-S abo/abo, abo/-- females X XY males
at 22° and 25°
A wné X0 4+ X0
XXY wnt X0 recovery + X0 recovery

Control (22°) 9302 2976 0.231 5358 0.240
Experimental (22°) 11364 839 1573
Control (25°) 4023 2399 0.095 2355 0.112
Experimental (25°) 6228 344 410

* Due to the poor viability of the w™4; Cy/+ XO class at 22°, only w™* abo/-- and Canton-S
abo/-+4 XO progeny were used toicalculate the male recovery values at this temperature. The
number of progeny in these classes was corrected by a factor of 2.
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TABLE 5

A
Results of the crosses of XX, y pn v/0 abo/abo, abo/+- females X Canton-S
and In(1)w2¢ males at 22° and 25°

X’:X'Y X0 XO recovery

A

XX x Canton-S (22°) Control 686 685 0.666
Experimental 1871 1245

A

XX X wnt (22°) Control 366 348 0.667
Experimental 795 504

A

XX X Canton-S (25°) Control 469 587 0.383
Experimental 74 355

A

XX X wm (25°) Control 1273 1879 0.385
Experimental 1620 920

The rDNA redundancies of XO males derived from the reciprocal matings are
presented in Table 7. In contrast to the results of Table 6 above, neither Canton-§
nor w™X0 males from abo/abo females possess an rDNA content significantly
greater than that of XO males from abo/+ females.

DISCUSSION

The abnormal oocyte (ebo) mutation was demonstrated by SANDLER (1970) to
interact with sex-chromosome heterochromatin. Increased quantities of maternal
or zygotic heterochromatic sequences resulted in marked elevations of progeny
survival. A specific X-chromosome heterochromatic segment, XA%°, was later

TABLE 6
The rDNA content of XO survivors from crosses of In(1)ww4/Canton-S

A
abo/abo, abo/- fernales X XY males

Genotype Percent rtDNA Percent change*
Canton-S/Canton-S abo/abo 9 0.395 =+ 0.014 _
w4 /Canton-S abo/abo 9 0.332 * 0.014 —_
w4 /Canton-S abo/+ @ 0.349 + 0.020 —
Canton-8 XO via abo/-} 2+ 0.202 =+ 0.005 + 2
Canton-S XO via abo/abo ¢ 0.221 =+ 0.004% -+ 12
w™4 X0 via abo/-+ 2%+ 0.141 + 0.002 — 7
w4 X0 via abo/abo Q@ (1180 =+ 0.007 -+ 34

* Percent change is calculated relative to the parental starting values: 0.198% for the Canton-S
chromosome and 0.1349% (abo/abo), 0.151% (abo/+) for the w4 chromosome, The Canton-S
females measured above were used to generate the w”+4/Canton-S parental class.

*+ Only non-Curly (abo/+)XO progeny were selected for the rDNA determinations.

I Signigcantly higher than X0 males via abo/-: p < 0.01 £ test.
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TABLE 7

FaN
The rDNA content of X0 survivors from crasses of XX, y pn v, abo/abo,
abo/-+ females X Canton-S and In(1)wm4* males

Genotype Percent rDNA Percent change*
Canton-S /8 0.383 + 0.01 —
wnt & 0.331 + 0.018 —
Canton-S XO via} ’

N\

XX abo/+ 0.209 + 0.007 + 9

Canton-S XO via
A

XX abo/abo @ 0.214 £ 0.005 + 12

wmt X0 viat
A

XX abo/+ @ 0.144 = 0.005 + 3

wht X0 via
ZaS
XX abo/abo @ 0.142 = 0.006 + 1

.. *Canton-S female and male rDNA contents have been measured independently and are
identical. Therefore, the parental starting value for the Canton-S X chromosome in these experi-
ments is 0.1919,; the w4 male possesses a Canton-S ¥ chromosome and its starting value was
calculated as 0.1409;.

+ Only non-Curly (abo/-)XO progeny were selected for the rDNA determinations.

demonstrated to mediate the rescue of XO zygotes from mutant mothers (PARRY
and SANDLER 1974).

We initiated this study by confirming the existence of X#%°. This was done
for several reasons, initially to show that our abo stocks continue to express all
previously reported functions. Furthermore, in their analysis of X4%°, PAarry and
Sanprer (1974) utilized a series of X-ray-derived free duplications that bore
increasing amounts of proximal X heterochromatin. Unfortunately, the actual
disposition of the rDNAg, relative to the breakpoints, has not been characterized
in these duplications. Bager (1971), Nix (1973) and Puckerr and SNYDER
(1975) have presented evidence that rDNA function may be influenced by posi-
tion-effects resulting from the juxtaposition of euchromatic sequences and hetero-
chromatin containing the rDNAs. Thus, the possibility exists that Parry and
SanDLER’s (1974) analysis demonstrated the distance from the rDNAs that a
breakage event could be tolerated, rather than the discrete nature of XA%%. Simi-
larly, the localization of X% could be subject to this source of error. That is, free
X duplications, which apparently do not possess this function, actually may
variegate at XAh®°.

The sc%Zsc*® chromosome bears a duplication of the majority of proximal X
heterochromatin. It is viable in XO males and bears seondary constrictions at both
nucleolus organizers in mitotic neuroblast preparations of XO larvae (Kriper and
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Praur 1972; and repeated here) implying that neither rDNA complement is
inactivated by the process used to generate the duplication. From the arguments
of Parry and SANDLER (1974), scSiksc*® XO zygotes of abo mothers should sur-
vive significantly better, relative to controls, than XO zygotes bearing a normal X
chromosome. It is clear from the data of Table 1 that our observations are con-
sistent with this prediction; the elevation in male recovery is very close to that
observed by those investigators. In addition, we see no evidence that breakage
events near, and distal to the nucleolus organizer, diminish the viability of an X
chromosome in the presence of the mutant abo allele. The male recovery of the
w™ X chromosome is not significantly lower than that of a wild-type X chromo-
some (Tables 4 and 5). Furthermore, the male recovery of the w™¥sc+® chromo-
some is two-fold greater than that of sc* (Table 3), indicating that the inverted
heterochromatin of w™ contains an XA%° function. Thus, the w™* heterochro-
matic breakpoint must be proximal to XA"° and distal to the NO.

Therefore, we conclude that we are able to demonstrate XA%° function in our
abo stocks and that the analysis of XA%° is not complicated by position effects
when the sc¥Psct®, w™ and w™rsct® X chromosomes are employed. We argue
that since position effects are probably not contributing factors in Parry and
SanDLER’s (1974) analysis of XA%, the site(s) responsible for XA function is
discrete from the distal to the rDNAs, as they concluded.

The material recovered from the matings described above was analyzed for
rDNA content. The rDNA redundancies of ™ and Canton-S XO males derived
from abo/+ females are not elevated (Table 6), in agreement with the results of
Procunier and TarTor (1978) and Kriper, YEpvoBNICcK and LeviNe (1979).
However, when these X chromosomes are recovered from abo/abo females, they
possess DN A frequencies significantly greater than their parental values (Table
6). The increase (34%) in rDNA of w™ X0 males from mutant mothers demon-
strates that the interaction of abo with these cistrons is unimpaired by the inver-
sion of heterochromatin containing the X2%° and ¢r* functions. More specifically,
the rDNA effects of abo appear to be independent of the mechanism by which
crt drives the disproportionate replication of these cistrons, i.e., the function that
requires cr* to be contiguous with the NO. The ability of XA to function in
w™ and w™Esct® suggests that it also is independent of this er+ function. How-
ever, we cannot rule out the possibility that the alternate cr+ activity, that which
interacts trans with additional cr sites, contributes to XA function. PROCUNIER
and Tarror (1978) reported that this latter cr+ function is expressed in the w™
inversion.

We have observed two instances where abo does not influence rDNA quantities.
The %O progeny derived from se¥*Zsc*®/Canton-S females (Table 2), and from

the XX abo lines (Table 7) do not show abo-specific elevations in rDNA redun-
dancy. In both cases, a significant sex ratio was evident (Tables 1 and 5) indi-
cating that the viability effects of abo are separable from its effects on the rDNA
cistrons. These results are not consistent with a model where abo simply selects

for chromosomes bearing greater quantities of rDNA (Kriper, YEDVOBNICK and
LeviNg 1979).



abo AND X-CHROMOSOME HETEROCHROMATIN 671

It appears that the status of heterochromatin at numerous sites in the Dro-
sophila genome can influence the phenotypic expression of abo. In addition to
Xhoo, ¥ chromosomes (Sanprer 1970) and portions of chromosome 2 hetero-
chromatin (SAnxDLER 1977) interact with this mutation. In each case, the inter-
action was measured as an elevation in male recovery. Our results (Tables 1 and
3) and those of Parry and SANDLER (1974) indicate that rDNA sequences are not
directly responsible for zygotic rescue. Thus, the elevation of rDNA content in
particular XO classes (Table 6) may result from the interaction of abo with other
heterochromatic regions. For example, the activity of abo could be directed to a
single site in X% that initiates the replication of a number of adjacent sequences.
This model predicts that only a subset of the amplified sequences could show res-
cuing activity. Alternatively, this locus may interact individually with an array of
sequences dispersed throughout Drosophila heterochromatin, an idea considered
previously by SanprLER (1977). The quantity of sex-chromosome and autosomal
heterochromatin, as well as middle repetitive sequences such as the rDNAs, may
be influenced by the da-abo region of chromosome 2. The dissociation of the via-
bility effects of abo from its rDNA effects may reflect the independent regulation
of such sequences. We plan to focus future investigations on the satellite sequences
that surround the NO region (Peacock et al. 1977).

Finally, it is significant that the 209 disproportionate replication of rDNA in
the Canton-S XO progeny observed here (Table 2) is the first example of a com-
pensatory response from this strain (Moman 1976; Kriper, YEpVOBNICK and
Levine 1979). Recentiy, we reported that the Canton-S X chromosome contains a
crt site, but does not compensate under conditions where disproportionate rDNA
replication is observed in the Oregon-R strain (Yepvosnick, Kriper and DuTToN
1980). The present results lead us to conclude that factors in addition to cr+ and
abo influence rDNA replication in the XO genotype and that such factors must be
considered in any investigation of rDNA instability in this organism.
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