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ABSTRACT

This investigation employs the cytological technique of G band
ing to identify homologues and structural rearrangements in a laboratory
population of Voria ruralis,

Chromosomal polymdrphisms observed in Voria

larvae are exhibited by. the longest autosomal pair and the X chromosomes«,
In larvae exhibiting polymorphism for chromosome no, 1, one homologue
appears more metacentric and has a darkly staining band on the short arm
next to the centromere in addition to the two closely placed bands on
the q arm proximal to the centromere which appear on Its mate.

Distri

bution of these chromosomal morphs fit Hardy Weinberg equilibrium.
These variations may represent mechanisms of host adaptability.

Heter-

omorphic X chromosomes differ in the lengths of their secondary constric
tions.

Nucleolus organizer regions are determined on the basis of

nucleolar associations and silver staining (Ag-I).

In larvae displaying

heteromorphic X* s , a single nucleolus is associated with the homologue
containing the large secondary constriction, whereas no nucleolus appears
on the X chromosome lacking this constriction.

No female larvae were

identified lacking this constriction in both sex chromosomes and all
male larvae observed had the X chromosome containing the secondary con
striction.

These observations suggest a deletion of ribosomal cistrons

in one of the X chromosomes.

INTRODUCTION
/

The larval form of Voria ruralis Fallen (Taehinidae: Diptera)
is a parasite of the cabbage loopery Trichoplusia ni Hubner (Lepidoptera).

Voria has been of interest to entomologists who studied this

fly in hopes of using it as a possible biological control over cabbage
looper populations.

As part of an investigation into the host-parasite

relationship. Wake and Ward (1975) determined that the diploid chromo
some number of Voria ruralis is 12.

In order to characterize the somat

ic chromosomes of this fly, they applied quinacrine mustard (QM) to
produce characteristic patterns of fluorescence along the lengths of the
chromosomes and used C banding techniques to verify the centromere loca
tions,

In the course of their investigation, they observed a quinacrine

band polymorphism in autosomal pair no. 1.

One chromosome displays two

closely placed fluorescent bands on the long (q) arm proximal to the
centromere.

Its homologue sometimes exhibits a brightly staining spot

on the short (p) arm next to the centromere in addition to the fluores
cent bands on the q arm.

In addition, the sex chromosomes were observed

to exhibit another polymorphism:

two forms of X chromosome were found

which differed in length of secondary constriction.
The fact that natural populations of insects sustain a large
reservoir of genetic variation is well established (Lewontin and Hubby,
1966).

According to Bush (1973), mutations arise in monophagous in

sects which allow them to adapt to new host species.
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This situation

arises particularly in agricultural areas.

Individual variation has the

possibility of diminishing the importance of established host races.
The term mutation is more commonly used for gene changes:

however,

chromosomal modifications may also account for a change in genetic in
formation.

Aside from varying chromosome number, genetic material may

become modified through the loss, gain, or rearrangement of chromosomal
regions.
Nondifferentiating stains rarely distinguish subtle chromosomal
aberrations, but these can be readily observed even in somatic chromo
somes, using modern methods of cytogenetics.

G band techniques have

been used extensively by cytogeneticists to differentiate chromosomes
longitudinally and thus to trace rearrangements (Hsu, 1973).

Polytene

chromosomes, useful in detecting rearrangements in some Dipterans, do
not spread well in Voria.

Because of this difficulty, G bands were in

duced in somatic neurOblast chromosomes to discern possible chromosome
changes.
A recently developed technique which identifies nucleolus
organizer regions (NOR's) was introduced by Howell, Denton, and Diamond
(1975).

A modification of their staining procedure, called the Ag-I

method, is thought to identify the chromosomal locations of rRNA genes
in mammals (Goodpasture and Bloom, 1975).

Differences in the number of

rRNA cistrons on homologous chromosomes have been detected as a poly
morphic stain response in an amphibian (Ward, 1977).

The Current study

describes dimorphic secondary constrictions 'in Voria ruralis Which are
Similar to those reported in other organisms (Philp and Huskins, 1931;
Burnham, 1932; Navastiin, 1933; Sato, 1941; Elsdale, Fischberg, and Smith,

1958; Beermann, 1960; Ohno3 Weller,
Spiegelman, 1965; Ward, 1977),

and Stenius, 1961 » Ritossa and

The silver staining method was used in

the present investigation to precisely identify the chromosomal region
involved in the observed sex chromosome polymorphism.
The purpose of this investigation is (1) to further elucidate
the karyotype of Voria ruralis9 by utilizing other chromosomal banding
techniques,

(2) to determine the nature of the polymorphism exhibited

by chromosomal pair no. 1, (3) to determine if the X and Y chromosomes
are telocentric,

(4) to determine the distribution of the X chromosome

morphs in the population, and (5) to describe the basis of this poly
morphism.

MATERIALS AND METHODS

Preparation of Nearoblast. Spreads
Parasitized Trichoplusia ni were obtained from the Entomological
Research Division of the U,S.D,A, Agricultural Research Service in Mesa,
Arizona,

Voria, maintained in a lab population, deposit eggs in larvae

of the host caterpillar.

The vorine eggs develop in the hemolymph un

til the looper dies and pupation occurs.

Neuroblasts dissected from

Voria larvae of various ages (3-7 days post-infection in loopers stored
at room temperature) were used for mitotic chromosome preparations.
The larval stages used were generally 2nd and 3rd instar.

Brain ganglia

were dissected in Ringers1 saline, transferred to a drop of 45% acetic
acid on slides subbed by Hsu's technique (1971), and finally heated
gently over a beaker of water at 65°C for 15-30 seconds before squash
ing under a cover slip.

The slides were frozen on dry ice, the cover-

slip was removed and slides were dehydrated in 95% arid 100% ethanol
(5 minutes each).

Unstained, air-dried preparations were observed

using phase microscopy.

Chromosomal Banding
A number of G banding techniques were tried.

The following

procedure produced the most consistent banding patterns.

Air-dried

slides (1-4 weeks old) were placed overnight at 65°C, then dipped in a
0.01% (w/v) trypsin (1:250 Difco or 3X recrystallized Worthington)
solution in Hanks' Balanced Salt Solution (Ca**"*" and Mg"*""*~ free) for
4

'■ 5
15-20 seconds5 rinsed rapidly by dipping 2-3X each in Hanks f solution,
and then dehydrated: in 70% and 95% ethanol.

After the slides had dried,

the cells were stained 5-10 minutes in 4% (v/v) Giemsa solution in
Gurrs1 buffer solution (ph 6.8),
made permanent with Permount.

After drying, the preparations were

Cells were photographed on Kodak high

contrast copy film.

Ag°.I Staining
The procedure followed was that of Goodpasture and Bloom (1975)
designated as Ag-I staining of NOR/s,

Slides of neuroblast spreads were

briefly rinsed in distilled-deionized water (ph 6.5) and set in
moisture-tight plastic containers.

Two drops of freshly filtered Ag

solution (50% w/v AgNOg in distil1ed-deionized water) were placed on
the slide and covered with a coverglass.

The same water was added to

the bottom of the containers to maintain moist conditions.
incubated in these chambers for about 20 hours at 50OC .
were not being monitored, they were kept at 37°G.

Slides were

When.slides

The preparations were

viewed using bright field microscopy with oil immersion.

When N 0 R !s

became visible as darkly staining spots and the chromosomes assumed a
light brown color, the coverslip was rinsed off w i t h distilled-deionized
water, the slide dehydrated in 70% and 95% ethanol and finally air dried.

RESULTS

Chromosomal Banding
G bands were induced in larval neuroblast chromosomes of Voria
ruralis using the trypsin treatment described.

Identification of the

6 homologous pairs was accomplished utilizing chromosome lengthy cen
tromere position, and G band patterns (Figure la).

A G band idiogram

displays the major (solid color) and minor (striped) bands which were
most commonly observed (Figure lb).

The deeply stained G bands corre

spond well with the bright fluorescent bands stained with quinacrine
(Wake and Ward, 1975).
One of the aims of this study was to’use band patterns to deter
mine the nature of the polymorphism in chromosome no. 1 described earli
er.

The G banding patterns for this particular chromosome pair were

similar to those obtained by QM-treatments and consisted of a darkly
staining band on the long (q) arm proximal to the centromere.

My ob

servations suggest this single band may also appear as two single bands
in less condensed chromosomes.

In larvae exhibiting polymorphism for

chromosome no. 1, one homologue (indicated hereafter as I*) has a darkly
staining band on the short (p) arm next to the centromere in addition to
the two closely placed bands on the q arm proximal to the centromere
which appear on its mate, 1 (Figure 2a).
more metacentric than its homologue.

Chromosome 1 1 also appears

In fact, measurements have shown

that the q/p arm ratio is significantly different for chromosomes
e
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Figure 1.

G banded karyotype of V. rural is (a),
G band idiogram of V. ruralis (b)
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No. 1 chromosomal types displaying heteromorphic G banding
(a), somatic bulge exhibited by chromosomal pair No. 1 (b),
heteromorphic X chromosomes displaying G banding (c)

exhibiting this polymorphism (Wake and Ward, 1975)»

This pair of long

autosomes was the most difficult on which to obtain reproducible G
bands.

However9 of the 25 no. 1 chromosomes observed in this investiga

tion/ the two chromosomal forms were distributed as follows:
eleven; 1*1, eleven; and 1 f1 f9 three,

1 1,

In Table 1 is shown a comparison

of the observed and expected values of these types derived from the
Hardy Weinberg equation.

Existence of a heteromorphism in chromosome

no. 1 is also supported by observations on Voria chromosomes that are
closely paired in mitotic spreads.
Dipterans.

Somatic pairing is typical of

Frequently observed were two number 1 's closely paired near

the ends of the chromosomes but exhibiting a "bulge11 near the middle of
the pair where non-homologous regions apparently prohibited close pair
ing of homologous regions (Figure 2b).
The banding patterns are such that the 3 pairs of submetacentric
chromosomes (chromosomes 2, 3, and 4) of intermediate length can be in
dividually distinguished.

Bands on chromosome no, 5 are less distinct.

The X chromosome, similar in size to chromosome no. 5, is characterized
by a definitive and consistent banding pattern (See Figures 1, 2).
types of X !s are found which will be designated as X and X f:

Two

X refers

to the chromosome which appears to lack a secondary constriction, X*
refers to the chromosome which displays this extended region.
chromosomes exhibit the same 5 major bands (Figure 2c).

Both

In X f, the

band next to the centromere is displaced by the secondary constriction,
while in X this band appears to be fused onto the main body of the
chromosome (Figure 2c).
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Table 1.

Distribution of chromosome no. 1 heteromorphism
in V. ruralis

Chromosomal Composition3
1 1
I'l
I'l'
Observed n o .
of Larvae

11

11

Observed
Frequencies

.44

.44

.12

Calculated
Frequencies

.43

.45

.12

3

a. 1, autosomal chromosome displaying a dark band in the q arm
proximal to the centromere; 1', the homologous chromosome displaying
as additional dark band on the p arm proximal to the centromere.
b.

Calculated frequencies determined by the Hardy Weinberg equation

-

1

1

'

NOR Studies
In order to identify the constrictions observed in the two sex
chromosomes,

observations were made on mitotic anaphase spreads.

As

shown in Figure 3a, chromatids belonging to either the X or the Y are
beginning to move toward opposite poles, led by their centromeres.
The ends of each sex chromosome separate first, indicating that they
are telocentric.

In later stages of anaphase, the X and the Y appear

rod shaped which is also indicative of their telocentric nature
(Figure 3b).

In addition, both the X and the Y have been seen asso

ciated with the nucleolus at their visible constrictions.
strictions,

These con

therefore, are secondary constrictions and are also

nucleolus organizer regions.

Often the nucleolus persisted and remained

attached to the nucleolar chromosomes at those positions until metaphase.
Such persistent nucleoli are rare but have been reported in some cell
lines of tissue cultures (Hsu, Humphrey, and Somers, 1964; Hsu et a l .,
1965) and also in some plants (Fabbri, 1960).

No precise role of these

"persistent" nucleoli has been established.
Evidence was sought for the basis of the heteromorphic X's.
One hundred six larvae were scored to determine if the two X chromosomal
types were viable in all combinations.

The results are given in Table 2.

The large sample indicates that the X chromosome heteromorphism is in
deed real.

It appears that the non-extended X chromosome in homozygous

condition may be lethal since no female larvae of the type X X were
found.

Nor is this X chromosome, which lacks the secondary constriction,

found in combination with the Y chromosome in live male larvae.

In fe

males that were X fX 1 all but one showed both X ’s associated with a

*

(b)

(c)

Figure 3.

Ii
Early anaphase spreads exhibiting telocentric movement
of sex chromosomes in female and male (a), late anaphase
displaying rod shaped X and Y (b), Ag-I staining of X
and Y (c)
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Table 2,

Sex

Distribution of X chromosome heteromorphism
in V. ruralis

No. of
Specimens

Female

55

Male

51

Chromosomal Composition 3
X'X
X X
X'Y

X*X*
40

15

0

X Y

■

51 '

0

a. X f, sex chromosome displaying a secondary constriction;
X, sex chromosome lacking this secondary constriction

single nucleolus when present»

In this exceptional case, only one X 1

was associated with the nucleolus; the other X ! remained extended, but
lay to one side of the nucleolus»

One spread did reveal 2 nucleoli,

each associated with an X' chromosome and each of these nucleoli was
notably smaller than the other single nucleoli observed.

Fusion of

nucleoli is not uncommon, especially in Dipterans where somatic pairing
allows close association of homologues (Kaufmann, 1934; Sato, 1937;
McLeish, 1954; Barr and Esper, 1963).

In the X fX females observed only

the X f chromosome was associated with a single nucleolus.
In male larvae, nucleolar association was found with both the
X* and Y chromosomes.

Both chromosomes were seen associated with a

single nucleolus when present.

Metaphase spreads were also noted where

the Y alone was associated with a nucleolus.

In one particular 1 arva,.

this situation existed while in the adjacent cell both the X and Y were
seen associated with the nucleolus.

Finally, one spread was observed

in which two identically sized nucleoli were present in one cell, one
associated with the X f and the other with the Y chromosome-

14

.

A simple staining technique which identifies nucleolar organizer
regions (NOR's) in mammals (Goodpasture and Bloom, 1975) was employed
here to support precise cytologieal detection of NOR number and location.
Difficulty in obtaining NOR staining on these insect chromosomes should
be noted.

For reasons which are not known, this technique does not con

sistently produce differential staining of NOR's.
were NOR's observed by this technique.

Only oh two occasions

Following Ag-I staining and

Giemsa counter staining, and viewed with bright-field microscopy, the
NOR's appeared as darkly staining regions of light blue chromosomes
located in the secondary constrictions of the X' and Y chromosomes
(Figure 3c).

DISCUSSION

Natural populations of many Dipteran insects are polymorphic
for various kinds of chromosomal aberrations.

According to White (1961)

aberrations occur in about 80% of the species of Drosophila and perhaps
as many exist in Chironomous species.

The polytene chromosomes of

Dipterans have been used extensively to reveal structural rearrangements
that cannot be seen in ordinary somatic chromosomes.

Unfortunately,

species belonging to the family Tachinidae, such as Voria ruralis, have
polytene chromosomes which spread poorly with the techniques currently
available (Boyes, 1958).

Therefore, banding techniques developed by

mammalian cytogeneticists were employed in order to identify structural
rearrangements in the current study.
G banding has not been particularly successful on insect chromo
somes, but a few cases have been reported (Fox, Carter, and Hewitt,
1973; Fantes and Camenzind, 1975).

The techniques described herein,

permit differentiation of the somatic chromosomes of V. ruralis by G
banding.

The 25 larvae scored to study the no. 1 chromosomal forms

support the existence of a true polymorphism in this chromosomal pair.
In determining the basis of the polymorphism displayed by chromosome
no. 1, G banding was no more revealing than the Q banding techniques
previously employed.

Thus the explanation for this polymorphism re

mains problematical.

Wake and Ward (1975) suggested three possible
(1 ) the apparent change in arm

explanations for this polymorphism:

ratio might imply a pericentric inversion.
'

'

'
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This type of rearrangement

is rare in Drosophila, but not uncommon in other insects (White, 1957),
(2 ) the intra-chromosomal addition of heterochromatic material to the
short arm of homologue

rtype 1 f could account for the observed banding

differences, or (3) a deletion of heterochromatin from the short arm of
its homologue (1).

This latter suggestion was discounted by Wake and

Ward because of the fact that at the time no homozygotes of the type
1 f1 ’ had been found„

It seemed contradictory that viable flies pos

sessing a double deletion (homozygote 1 1 ) should occur rather than a
viable larvae containing no deletion at all.
three larvae of the type 1 fV

In this present study,

were detected and therefore a deletion in

the short arm of one homologue (1) may be a probable explanation.

In

regards to the distribution of the two no. 1 chromosomal forms, they
seem to have approached equilibrium,
stable.

i.e., the genotype frequencies are

The observed genotypic frequencies are not significantly dif

ferent from the expected frequencies determined by the Hardy Weinberg
equation (Table 1).

Genetic variability (polymorphism) in natural pop

ulations may be maintained by balancing selection.

Superiority of the

heterozygote leads to one type of balancing selection--heterotic balance.
The high frequency of heterozygotes might indicate selection for the .
heterozygotes in this Voria population.

The amount of selection against

the homozygotes cannot be determined once the population is in equilibr-iu mo

Since the homozygote morph 1 1 is in the same proportion as the

heterozygote 1 *1 , other mechanisms to maintain the polymorphism should
be considered.

It may be that these different genotypes are able to

exploit different environmental situations within their natural habitat,
i.e., each type may be better adapted to particular host caterpillars.
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1 *1 * morphs may have a relatively smaller niche (limited because of
host specificity) than type 1 1.

The heterozygote may develop in an

entirely different host or may overlap the two homozygous types en
vironments (having certain host types in common),

Regardless of the

mechanism maintaining this polymorphism, the number of heterozygotes
would indicate that a relatively high level of chromosomal polymorphism
can be tolerated and that individual variation may be important in al
lowing monophagous insects to adapt to new host species.
The next stage of this investigation was to define the visible
constrictions observed in the X* and Y chromosomes.

It was determined

that these are not. primary constrictions as these chromosomes act as
telocentric chromosomes during anaphase.

Therefore, these are secondary

constrictions and as they form nucleoli, the regions are also nucleolar
organizer regions,
Relationships of specific chromosomes to the nucleolus were
shown by a number of earlier workers.

In the 1930*8, Heitz noted that

satellite stalks served as nucleolus organizer regions and he referred
to them as SAT (sine acido thymdnucleinico) regions (Heitz, 1933).
McClintock (1934) called these ,fsecondary chromosomal constrictions ,*1
or "nucl eolus -organizer regions.**

It is known that the nucleolus or

ganizer is the site of structural genes coding for the ribosomal RNA
molecules -28S and 18S fRNA (Ritossa and Spiegelman, 1965).

When these

cistrons are producing RNA, nucleolar proteins which may originate in
other parts of the chromosomes are thought to accumulate around this
active region.

As the nucleolus persists during the early stages of

mitosis when there is a progressive condensation of chromosomes,

secondary constrictions result because of the insufficient time for
complete condensation of chromatin in the region of the nucleolus or
ganizer ,

If this is universally true, the absence of a secondary con

striction would suggest that the nucleolar chromosomes contract
normally unless prevented by physical interference of the nucleolus»
Thus the assumption is that constriction formation is indicative of
\
•
..
•
■
organizer function.
Evidence for this view was presented by Krider
and Plant (1972).
Heteromorphisms for nucleolar organizer regions are not an un
common phenomenom.

Beermann (1960) found a balanced heterozygous strain,

established in the offspring of matings between two different species of
Chironomus (Diptera), which segregated in a Mendelian ratio of 1 normal
homozygote; 2 heterpzygotes: 1 mutant homozygote.

Zygotes homozygous

for the absence of the nucleolus organizer fail to survive because of
developmental aberrations that arise during gastrulation (Felling and
Beermann, 1966).

A similar situation exists in the so called "Oxford"

mutant of Xenopus laevis reported in Fischberg1s laboratory (Elsdale
et a l ., 195.8).

They found single-nucleolate mutants (heterozygotes)

which when mated produced progeny in ratios of 1 (2-nucleolate):
2 (l-nucleolate): 1 (0-nucleolate).

Anucleolate mutants develop

through the hatching stage but eventually die.

Kahn (1962) was able

to show that heterozygotes lacked secondary constrictions in one of
their NOR bearing homologues, but that morphology, viability, and growth
rate of these do not differ from normal homozygotes.

Evidence has ac

crued indicating that the Oxford mutant is a deletion involving the
ribosomal cistrons.

Wallace and Birnstiel (1966) have reported that the
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amount of DNA that hybridizes with 28S and 18S rRNA in the normal
homozygotes (2 -nucleolate) is about twice that of the heterozygotes
(1-nucleolate)»

In the anucleolate (homozygous mutant), few if any

ribosomal cistrons were present.

The formation of 28S and 188 rRNA is

coordinated genetically by formation of a common precursor molecule 458,
and the above data suggests that.this mutation is a deletion of these
cistrons.

Such a deletion does not necessarily affect the total amount

of nucleolar material produced.

In fact, it has been shown that in the

heterozygous mutant in which all rRNA genes are deleted from one nucle
olar homologue--the other compensates and produces a normal amount of
nucleolar material;

i.e., the single nucleolus in heterozygous cells

achieves the same volume as the nucleolus in wild type cells having only
one nucleolus as a result of fusion (Barr and Esper, 1963).

In spite of

having only half as much rDNA, mutant heterozygotes will produce as much
rRNA as wild types (Brown and Gurdon, 1964).

•

In Drosophila, the phenotype "bobbed" associated with smaller
bristles and reduced growth rate (Lindsley and Grell, 1968) is assumed
to result from either the deletion or inactivation of the ribosomal RNA
cistrons.

Ritossa, Atwood, and Spiegelman (1966) found that the "bobbed"

mutants are deficient in rRNA cistrons.

However, there is some contro

versy as to whether other factors operate to repress nucleolar genes
(Kiefer, 1968; Ritossa, 1968).
Observations in this laboratory have shown that the secondary
constriction on the extended X ’ chromosome of Voria is associated with
the nucleolus.

Its homologue, X, lacks the complementary constriction

and has not been observed in association with the nucleolus.

As no

.20
homozygotes of the type X X
ly inviable.

have been found, this combination is probab

The most obvious conclusion is that the X chromosome con

tains a deletion of ribosomal cistrons present in the unaltered X ! ,
chromosome.

Observations of unstained and G banded spreads showing lack

of this region lead me to believe the deletion is limited to the con
stricted segment.

Such a chromatin deficiency would account for the

dimorphic population through inviability of the deficient homozygote.
A deletion such as this may have resulted from unequal crossing over in
the nucleolus organizer region during meiosis.
Absence of an apparent secondary constriction is not necessarily
indicative of a deletion.

In her work with maize, McClintock (1934)

found a deletion in a region totally different from the NOR; when the
deletion was present, the nucleolus organizer was not functional and
no constriction was formed.

A mutant in Drosophila has also been re

ported in Which rDNA was present but non-operative (Ritossa, 1968),
Thus alternative mechanisms should be considered.
One possibility could involve a mutation of a controlling region
which is necessary for the activity of structural genes for synthesis
of rRNA.

Such a mutation would leave ribosomal cistrons intact but in

active owing to the absence of a nucleolus and its associated secondary
constriction.

It would be necessary to do hybridization experiments to

make a distinction between the two hypotheses.

However, if multiple

ribosomal cistrons alternate with a non-transcribed spacer in the repeat
units of the nucleolus organizer as in Xenopus (Birnstiel et al., 1968)
and if each repeat unit were to be functionally independent of the
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others, then, a mutation would have to occur in a number of controlling
regions to prevent transcription of rRNA,

This would seem highly un

likely, ,
A third alternative to the problem might involve an alteration
of a "repressor or activator," but then I would expect it to act equally
on both nucleolar organizers of the heterozygote.

The result would be

a heterozygote with two nucleoli and two NOR's in each cell.

This was

not observed.
"Disappearance" of satellites has also been shown in studies of
hybrid plants and animals.

Navashin (1934) coined the word

"amphiplasty" to describe this phenomenon where the secondary constric
tion of one parental plant in certain hybrids "disappeared."

Apparent

ly, transcription of rRNA precursors is repressed in one of the parental
nucleolar chromosomes, possibly under the control of a normal repressor
of the dominant iso-allele which is confined to the same nucleus
(Wallace and Langridge, 1971).

Differential amphiplasty shows that

there is regulation of nucleolar formation.
Finally, what role does the Y chromosome play in formation of
the nucleolus in Voria?

In Drosophila melanogaster, the X and the Y

chromosomes contribute equal proportions of DMA complementary to rRNA
(Ritossa and Spiegelman,

1965). . However, other species of Drosophila

show the Y chromosome to contain fewer ribosomal cistrons than the X
(Ritossa and Atwood,, 1966; Hennig, 1975).

If in fact the populational

polymorphism in Voria is due to a deletion of ribosomal cistrons from
one of the X chromosomes, it would appear that the Y chromosome does not
contain enough cistrons to function alone.

This derives from the fact
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that a

non-extended X was never found in the male larvae

observed.

If

on the

other hand, the apparent absence of the secondary

constriction

is the result of some type of regulation, then such a distinction could
not be made on the data presented here,

Of the arguments discussed to.

this point, the most likely is the original assumption of a deletion
of ribosomal cistrons,
In conclusion, I would like to offer some suggestions as to how
ribosomal synthesis could be equally successful in the X rX !, X fX, and
X*Y individuals.

In order to postulate a mechanism which could account

for the observations in Voria, it is first necessary to distinguish be
tween two possibilities:

(1 ) inactivation of one of the two homologous

N O R 1s in the normal homoZygote, or (2) doubled activity of the one NOR
in a heterozygote.

The first possibility was suggested from observa

tions of human chromosomes by Ohnop Kaplan et al< (1961P.pY 125) who
state that? "Not all N O R 1s are functional at the same time . . .n and
also, with respect to nucleolus organizing activity, " .
be one

„ . there can

active and one inactive member of asingle chromosome pair .11

Ohnop Kaplan et al, (1961) proposed a facultative inactivation mecha
nism similar to the "inactive" X hypothesis or dosage compensation but
were unable to prove it*
There has been substantially more work reported in the litera
ture concerning the second possibiiity~~that of increasing ribosomal
synthesis in the heterozygote.

Compensatory replication of rRNA genes

occurs in Dr os o ph i1a me1anoga st er when one nucleolus organizer chromo
some is completely or partially deficient in its NOR.

In regards to

the heterozygotes observed in Voria, a "compensatory" increase in the /
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size of the single nucleolus seems to occur in the absence of a func
tional homologue because the size of the nucleoli in individuals of
type X * X ? and X'X are approximately equal,

There may exist 9 in Voria,

mechanisms which allow independent duplication of specific chromosomal
sections zrDNA cistrons which may or may not. be structurally integrated
into the genome,

Lima-De-Faria (1962) found certain polytene chromo

some bands in the oocytes of another Dipteran fly showing dispropor
tionate local increase of DNA content related to puff formation.
Eventually 9 this large mass of DNA is dissociated from the chromosome
and later appears in the form of an extrachromosomal globule.

Dis

proportionate rDNA replication or rDNA compensation was found also to
occur in Drosophila melanogaster,

In 1971, Tartof discovered that in

these flies the absence of a single nucleolus organizer segment re
sulted in an increase in the number of rRNA cistrons in the wild type X
chromosome in both males and females,

This increase in rRNA gene number

persisted in subsequent genrations in which only a single nucleolar Y
chromosome was not able to undergo such disproportionate replication
(Tartof 9 1971),

If the Dipteran systems are similar, this might explain

why XY type males were not observed in Voria,

Presumably these types

may be inviable because the Y chromosome cannot undergo disproportionate
replication.

Such disproportionate replication would appear to be a

function limited to the X* chromosome.
Disproportionate rDNA replication can be generated at both
somatic and germ line levels.

In Drosophila, Ritossa described a process

he called ribosomal DNA magnification in which extra copies of rDNA are
formed.

After circularization, these copies are integrated into the
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chromosome by crossing over (Ritossa, 1973).

This change in ribosomal

cistrons.occurs in the germ line and the Increased rRNA gene number is
then transmitted to subsequent generation.

Nonheritable rDNA increases:

i.e., somatic regulation is attributable to independent polytenization
of rDNA in Drosophila melanogaster.

Spear and Gall (1973) reported

that ribosomal gene compensation occurred only in polytene nuclei, and
not diploid brain or imaginal disc tissue.

They showed that XO polytene

cells undergo additional rDNA replication until in the late third larval
instar they have as many ribosomal genes as X X larvae.

It is possible

that a compensatory synthesis is operating in Voria when only one
nucleolus organizer is present and that it results from independent
replication in the polytene tissue.
In summary, the chromosomes of V, ruralis can now be precisely
identified as a result of G banding.

Heteromorphic band patterns ex

hibited by chromosomal pair no. 1 are detectable and indicate that in
dividual variation exists.

Visible constrictions observed in the X and

Y chromosomes are nucleolus organizer regions and do not represent centromeric regions.

The X chromosomes also appear heteromorphic in re

gards to the length of their secondary constrictions.

Observations made

in the investigation lead me to believe that chromosomal type X is defi
cient in ribosomal cistrons making its existence dependent in the asso
ciation with its homologous X' chromosome.
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