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ABSTRACT

Genetic experiments have been designed to test the 
hypothesis of preferential segregation with respect to man
ner of parental combination in the oogenesis of triploid 
females of the parasitoid wasp Mormoniella vitripennis 
(Walker)„ Different methods of combination of the R-locus 
alternatives oyster-DR (0 factor), scarlet-DR (S. factor) 
and dahlia-845 (M factor) were devised, involving the intro
duction of one alternative into the triploid zygote through 
the haploid eggs, and the other two genes through excep
tional diploid spermatozoao This provided three different 
types of experimental triploid females, with respect to the 
manner in which the single gene entered the zygote<> Among 
the haploid sons of triploid females thus produced, exces
ses of the maternal type were found in each of the three 
types of experimentso The ratio produced in this work was 
„4 maternal: »3 recombinant Is =3 recombinant 2, rather 
than the equal numbers of each type which would be expec
ted on the basis of random segregation® Ho attempt was 
made to analyze the genetic constitutions of the pheno- 
typically indistinguishable diploid sons of triploid 
females® Diploids were observed to occur somewhat less 
than one-half as frequently as haploids® These findings
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strongly support the predictions made by Dr» P, Wo Whiting, 
who suggested, on the basis of a limited number of tests, 
that non-random disjunction in Mormoniella might follow 
this general pattern.



INTRODUCTION

The parasitoid wasp Mormoniella vitripennis (Walker) 
has been used for genetics research since April, 1948, when, 
as a pest infesting the cultures of the green-bottle fly 
Lueilia. it was brought to the attention of Dr„ P0 W»
Whiting on a visit to the Johns Hopkins University (Whiting, 
1955)» During the summer of 1948, David Ray (1948) worked 
out a dose-action curve for dominant lethal mutations 
induced in the wasp by X-irradiation* During his study, 
the first visible eye color mutations, oyster-DR and scar- 
let-DR, were isolated from the progeny of wild-type females» 
The visible mutations were induced at a complex chromosomal 
region, the R locus, named after Ray. Since that time, 
genetic analysis has proceeded rapidly, with the aid of 
many radiation-induced and a number of spontaneous muta
tions. The great majority of these mutations occur at the 
R locus, and affect eye color.

The R locus has been shown (Whiting, 1961) to con
tain four factors which may mutate in various ways to pro
duce eye color changes from the wild-type dark brown.
These factors are designated 0, S, M and P.. Since muta
tional changes within the factors result in effects on 
development and changes in eye color, they may be considered



to be cistronss or functional units„ The genes in the E 
series may differ from wild-type in one or more factors, 
and any one factor may have one or more mutant states 
which are alternative to each other»

Diploid wasps, heterozygous either in the trans or 
in the cis arrangement for mutations in two different fac
tors are wild-type; compounds for two different mutations 
in the same factor are mutant in phenotype (Whiting, 1961)= 
With many of the eye color mutations there have been found 
associated deleterious conditions, such as inviability or 
sterility«, These have been assigned to additional 
wfactors<>n The assignment to any factor depends upon homol 
ogies determined by complementation (Whiting, 1962b); thus 
far, four groupings beyond those already mentioned have 
been, assigned: A, B, C and X e A and B are concerned with
female sterility; C is concerned with crossover repression 
between certain E-locus genes and a linked non-E gene, 
purple body color, X is a complex grouping, with many 
different deleterious factors involving lethality, semi
lethality, male sterility and near sterility. Little infor 
mation concerning homologies is known about the X group of 
factors. Crossing over among factors 0, S and M has never 
been detected. This group of factors may cross over 
rarely with P, Crossing over occurs only very rarely
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between a few of the deleterious factors and the eye color 
factors (Whitings 1962a, 1 9 6 5)°

Whiting (1960a, 1962b) hypothesized a mechanism for 
the action of the 0 and S factor mutations in altering eye 
color phenotypes. He suggested that the proximity and 
proper condition of the two factors were necessary for the 
production of a wild-type eye color phenotype. If the wild 
state of factor 0 acted alone on chromagen, with the S fac
tor absent or minimal, red pigment would be produced with 
a corresponding decrease in dark pigment. In the absence 
of factor 0, no pigment of any kind would be produced, 
regardless of the state of S, If 0 or S would be par
tially reduced in function, various intermediate conditions 
might be produced,

Phenotypically similar mutations may occur in two 
different R-locus factors, That the nature of the pigments 
produced is not identical is shown by the interaction of 
each of these with a mutation in a third eye color factor, 
resulting in considerably different pigments (Whiting, 1961), 

Five chromosomes normally are found in haploid 
Mormoniella males, which develop parthenogenetically from 
unfertilized eggs, produced by diploid, ten-chromosome 
females. Fertilization guarantees femaleness; ploidy does 
not seem to enter into the sex determining mechanism, as is 
evidenced by the occurrence of diploid males. These
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exceptional males have arisen by mutation from laboratory 
cultures•(Whiting* 1960b) and.are distinguished by their 
possession of unexpected eye colors and irregular body con
figurations, The diploid male condition originally was 
interpreted by Waiting (1956) as being caused by a ^dupli
cation^ at the H locuso Whiting observed that the ^dupli
cation^ did not interfere with spermatogenesis* but greatly 
reduced the fecundity of females resulting from the mating 
of such males. At that time* he was of the opinion that 
diploidy did not occur in Mormoniella males; however* he 
revised his opinion on the basis of further breeding tests* 
and concluded that the duplication was* in fact* diploidy 
(Whiting* 1957)» Gytological studies by Pennypacker (1958) 
confirmed the presence often chromosomes in spermatogene
sis of the exceptional stocks«, Gytological observations of 
fifteen chromosomes in tripleid daughters of such males 
also have been made (Whiting* 1965)•

Diploid males* lacking a meiotie mechanism* produce 
diploid sperm. The triploid zygotes formed by the mating 
of diploid males with diploid females develop into highly 
sterile triploid females. When such females are permitted 
to reproduce parthenogenetically* they produce very small 
numbers of both diploid and haploid.sons. Selection of the 
diploid sons for mating with diploid females provides for 
the continuation of the polyploid line in an ^alternation



of generations*® between diploid males and triploid females 
(lhiting5 1960b)«,

Whiting reported (1960b) that there may be a ten
dency for the progeny ratios of triploid females to show 
non-random segregation0 Inspired by results from a single 
test conducted in 1956, he later assembled data from prog
enies of numerous types of triploid females„ Some of these 
suggest the occurrence of preferential disjunction during 
oogenesiss such that genes (and presumably, chromosomes) 
tend to segregate in the same manner as they enter to form 
the polyploid zygote® Figure 1 illustrates this phenomenon® 
When three 1-locus genes mutant in different factors were 
introduced into a triploid zygote in such a manner that 
mutation 1 (m^) entered from the ovum, and mutations 2 and
3 (h u , m_) entered on two chromosomes from the diploid
sperm, Whiting obtained in several cases an excess of the 
maternal type (m^) among the haploid progeny® Although it 
was impossible to distinguish the three types of diploid 
males by visual inspection, since these mutations inter
acted to produce the wild phenotype, Whiting (1960b) 
hypothesized that in these progeny there should have been 
an excess of the paternal type (mg/ny)® The diploids 
occurred approximately half as frequently as the hap1olds ® 
Whiting (1960b) suggested that the extent of the preferen
tial segregation is such that the frequency of recombinant



females males

Parents mi/mi X m2/m3

Gametes

FI

1L,
(haploid)

Gametes & F2:
haploid types

(maternal)
m^ (recombinant)
m (recombinant) 3

x

Si/m2'/m3

set unmated

V m3
(diploid)

diploid types
mu/m (paternal) 2 33

(recombinant)
i /m (recombinant) 1 2

m^/n\

FIGURE 1» PROGENY TYPES FROM TRIPLOID FEMALES
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(non-parental) haploid types is two-thirds that of the 
parental types, and that the frequency of diploids is one- 
half that of the haploids.

The objective of the present investigation is to 
elucidate the phenomenon of preferential segregation as 
manifested by the haploid progeny of triploid Mormoniella 
females„ The design of the experiments, summarized in 
Figure 2, is such that three different E-locus eye color 
genes mutant in three different factors have been used® 
These were combined in different manners, in order that the 
three alternatives— the 0 factor gene oyster-DR (oy-DR, 
oy + +), the S factor gene scarlet-DR (st-DR, 4- st +), 
and the M factor gene dahlia-845 (da-845, + + da)— were 
each introduced in turn into the triploid zygote from the 
female parent, while the other two genes were introduced 
from the male parent 0 If, in all three methods of combin
ation, a significant excess of the maternal type should be 
found among the haploid sons of the triploid females, this 
would indicate that Whiting*s hypothesis of preferential 
segregation with respect to parental combination is essen
tially correcto



Experiment JU
females males

Parents da-845/da-845 x oy-DR/st-DR
FI da-845/ov-DR/st-DR
F2 haploid types diploid types

da-845 (maternal) oy-DR/st-DR (paternal)
oy-DR (recombinant) st-DR/da-845 (recombinant)
st-DR (recombinant) oy-DR/da-845 (recombinant)

Experiment Bo
females males

Parents ■ st-DR/st-DR x oy-DR/da-845
FI st-DR/oy-DR/da-845
F2 haploid types diploid types

st-DR (maternal) oy-DR/da-845 (paternal)
oy-DR (recombinant) st-DR/da-845 (recombinant)
da-845 (recombinant) oy-DR/st-DR (recombinant)

Experiment C. ■
females males

Parents ©y-DR/oy-DR x st-DR/da-845
FI oy-DR/st-DR/da-845
F2 haploid typeb

oy-DR (maternal) st-DR/da-845 (paternal)
st-DR (recombinant) ©y-DR/da-845 (recombinant)da-845 (recombinant) oy-DR/st-DR (recombinant)

FIGURE :2o THREE WAYS OF COMBINING 
GENES INTO TRIFLOIB ZYGOTES



MATERIALS AND METHODS

Polyploid diplo-=triploid Mormoniella stocks of 
genetic constitution oy-DR/st-DR (males) and oy-DR/oy- 
DR/st-DR (females)s and the homozygous haplo-diploid stocks 
oy-DR, st-DR and da-845 were obtained from Dr0 P® ¥„ 
Whiting® A similar polyploid stock was subsequently pro
vided by Dr® George B® Saul, 2nd®

The stocks were kept in an incubator at a tempera
ture of 29-30 degrees C®, at which the complete haplo- 
diploid life cycle requires approximately twelve days® One 
to two days longer is required for development of the poly
ploid stock® The food required by the wasps was the pupal 
stage of the blowfly Sarcophaga bullata ® This was obtained 
as needed from the Carolina Biological Supply Company®

The haplo-diploid stocks were maintained by placing 
five to eight dark pupae of each sex in a shell vial®
After eclosion of the adults, twelve to twenty-four hours 
were allowed for mating prior to the addition of one blow
fly puparium per female® The same procedure was repeated 
ten to eleven days later, at which time the dark pupal 
stage of the new generation was attained®

In order to maintain the ^alternation of genera
tions'* between the diploid males and triploid females, it
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was necessary to select the appropriate polyploid indivi
duals either for mating with diploid females (in the case 
of diploid males) or else for being set unmated (in the 
case of triploid females)„

The wild phenotype oy/st males were obtained by set
ting unmated the original triploid oy/oy/st females; because 
of breeding problems described later, it was decided to mate 
these with diploid st-DR females. The female progeny 
resulting were triploid, and of constitution oy/st/st. By 
selecting the wild-type sons of these females and repeat
ing the mating procedure with st-DR females, the line was 
continued.

One fly puparium per female wasp was required for 
the matings involving diploid females; however, greatly 
decreased fecundity of triploid females permitted the use 
of one puparium per four females of this type.

Polyploid stocks with different combinations of 
the three R-locus genes oy-DR, st-DR and da-845 were 
desired for experimental purposes. These were synthesized 
from the oy/st/st polyploid stock by the following proce
dure.

Diploid males of genotype oy/st were mated with 
da-845 females. The oy/st/da females thus obtained were 
set unmated, producing three phenotypically indistinguish
able types of diploid sons: oy/st, oy/da and st/da. Each
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diploid male thus obtained was individually mated with a 
da™845 female. This produced triploid females of three 
genotypes i oy/st/da, oy/da/da and st/da/da.

Analysis of the sons of these females, when set 
unmated, identified the types of genes carried in the new 
stock. Wild-type diploid sons of genetic constitution oy/ 
da had only oyster and dahlia haploid sibs, those of geno
type st/da had only scarlet and dahlia haploid sibs. Such 
diploid males were mated with the appropriate diploid 
females (oy/da males x da-845 females; st/da males x st- 
DR females) to maintain these combinations in triploid 
females as oy/da/da and st/st/da. Cultures producing all 
three kinds of haploid males were discarded.

Numerical increase in the three stocks was accom
plished by taking advantage of the high fertility of the 
diploid males. By using two diploid females per diploid 
male, large numbers of triploid females could be obtained® 
Even with the low fecundity of the triploid females, enough 
diploid males were produced in order to have an over-all 
increase through each two generations.

The experimental triploid females whose sons were 
to be counted were synthesized by mating diploid males of 
each of the three types with diploid females homozygous 
for the gene not represented in the male. This resulted 
in triploid females of the following constitutions:



da/oy/sts st/oy/da and oy/st/da. (The underlined symbol 
indicates the gene introduced from the diploid mother®)

In the course of these undertakings, certain diffi
culties were experienced, most of which revolved around 
attempts to mate oyster-DR females with males of differing 
genotypes® These difficulties manifested themselves in the 
failure of such matings to produce the expected numbers of 
heterozygous female progeny = The problem was avoided in 
regular maintenance of the polyploid stocks by mating the 
oy/st diploid males with st-DR females rather than oy-DR; 
similarly, oy/da males when mated with da-845 females pro
duced adequate numbers of the required triploid females®

In the experimental matings oy/st x da and oy/da 
x st, no particular difficulties were encountered; however, 
this was not the case in the st/da x oy mating® Very few 
triploid females were obtained in numerous attempts to 
cross these two stocks. Many haploid sons were produced, 
indicating that the females? eggs were viable; however, as 
few as ten female progeny resulted in at least one mating 
of fifty st/da males by fifty oy-DR females® Normally, as 
many as one thousand females could be expected from a simi
lar cross®

Dr® P® W® Whiting (1965) suggested that the diffi
culties, might be caused by a cytoplasmic ®eross-incpmpati- 
bility factor®*8 This factor, first reported by Saul (1961)



has arisen spontaneously in several Mormoniella stocks 
(Whiting, 1965)o At Dr. Whiting8 s (1 9 6 5) suggestion, the 
oy-Dft stock was resynthesized, using genes only from oy-DR. 
males. This was accomplished by introducing the oy-DR gene 
from the male side into diploid heterozygous (oy/da) 
females. Such females were then crossed with oy-DR males. 
The oyster phenotype females recovered from such a mating 
were thereafter used as a breeding stock. No further dif
ficulties in cross-incompatibility were experienced.

Several experiments involving the setting unmated 
of each of the three kinds of triploid females were under
taken. Of these, one involved approximately one thousand 
females of each type. The wasps were placed in shell 
Vials, forty to a vial. After eclosion of the adults, ten 
Sarcophaga puparia were added to each vial, and the cul
tures were incubated at 29-30 degrees G. After ten days 
incubation, the tip of each puparium was pricked with a 
dissecting needle to facilitate emergence of the progeny. 
The adults were etherized, tabulated and discarded on 
successive days after emergence.



RESULTS

The tabulations of the results obtained from the 
three types of experiments are summarized in Table I» In 
all experiments there were produced some diapausing larvae 
and other individuals which did not complete development as 
far as the dark pupal stage. These individuals were not 
tabulated.

It appears, from a cursory qualitative inspection 
of the data that, among haploid sons of triploid females, 
in most instances there is a distortion of the expected 
1:1:1 ratio, based on the hypothesis of random segregation. 
Furthermore, the direction of distortion seems to be 
toward increase in the maternal class. Two exceptions to 
this generalization are in test B2, where the recombinant 
classes both exceed the maternal, and in test Cl, where one 
of the recombinant classes outnumbers the maternal class. 
The total results for each test type graphically show the 
excess of the maternal type.

Table II compares the observed numbers of haploid 
progeny with the expected numbers, based both on the hypoth
esis of random segregation, and that advanced by Whiting 
(1960b), wherein the frequency of each of the recombinant 
types would equal two-thirds the frequency of the maternal

14
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TABLE I 

OF TEIPLOID FEMALES
Genotype of 
Females Test

Date
Observed No. Set

Types
o z M

and Numbers of Progeny 
st(N) da(N) 4- (2n)

da/oy/st* A1 May, 1963 120 113 95 129** 130
A2 July, 1963 320 191 235 3 04** 273
&3 July, 1964 960 565 _ 530 617** 822

Totals 1400 869 860 1050** 1225

st/oy/da* B1 July, 1963 131 89 111** 83 128
B2 Aug,, 1963 131 76 67** 75 88
B3 July, 1964 1120 855 1234** 826 1114Totals 1382 "1020 1412** 984 1330

o%/st/da*, Cl July, 1963 80 102** 65 107 95
02 July, 1963 483 384** 325 335 415
03 Aug., 1963 144 185** 89 77 110
04 Dec,, 1964 1000 804** 612 513 926

Totals 1707 1475** 1091 1032 1546"""'
* Underlined symbol indicates gene introduced from female parent, 

** Maternal Glass,



TABLE II
COMPARISON OF OBSERVED NUMBERS OF HAPLOID PROGENY WITH EXPECTED 

NUMBERS. BASED ON HYPOTHESES OF RANDOM ASSORTMENT AND THAT OF WHITING
Female
Genotype Test

Progeny
Type

ObservedI £ Random Assortment
#  f  (p)

Expected
Whiting 
_£_. .M

da/oy/st A1

st/oy/da

A1 oy 113 33.5 112.3 33.3 > .05 96.3 28.6 > .05St 95 28.2 112.3 33.3 96.3 28.6
da 129 38.3 112.3 33.3 144.4 42.9

A2 oy 191 26.2 243.3 33.3 < .01 208.6 28.6 > .05
st 235 3 2 .2 243.3 33.3 208.6 28.6
da 304 41.6 243.3 33.3 312.9 42.9

A3 oy 565 33.0 570.6 33.3 < .05 489.1 28.6 < .01
st 530 3 1 .0 570.6 33.3 489.1 28.6
da 617 3 6 .0 570.6 33.3 733.8 42.9

Totals oy 869 31.3 926.3 33.3 < .01 794.0 28.6 < .01
st 860 3 1 . 0 926.3 33.3 794.0 28.6
da 1050 37.8 926.3 33.3 1191.0 42.9

B1 oy 89 31.4 94.3 33.3 > .05 80.8 28.6 > .05
st 111 39.2 94.3 33.3 121.3 42.9
da 83 29.3 94.3 33.3 80.8 28.6

B2 oy 76 34.9 72.6 33.3 > .05 62.3 28.6 < .01
st 67 30.7 72.6 33.3 93.4 42.9
da 75 34*4 7 2 .6 33.3 62.3 28.6

ON



TABLE II— Continued
Female
Genotype Test

Progeny
Type

ObservedI i
Expected

Random Assortment Whiting
_i i_ _LeJ_ _£____1_ iel

st/oy/da B3 oy 855 29.3 971.6 33.3 < .01 832.8 28.6 > .05St 1234 42.3 971.6 33.3 1249.4 42.9da 826 28.3 971.6 33.3 832.8 28.6
Totals oy 1020 3 0 .0 1135.3 33.3 < .01 973.1 28.6 > .05St 1412 41.5 1135.3 33.3 1459.8 42.9da 974 28.6 1135.5 33.3 973.1 28.6

Cl oy 102 37.2 91.3 33.3 < .01 117.4 42.9 < I—10

St 65 23.7 91.3 33.3 78.3 28.6
da 107 39.0 91.3 33.3 78.3 28.6

C2 oy 384 36.8 348.0 33.3 > .05 447.4 42.9 < .01
St 325 31.1 348.0 33.3 298.3 28.6
da 335 32.1 348.0 33.3 298.3 28.6

03 oy 185 52.7 117.0 33.3 < .01 150.4 42.9 < .01
St 89 25.4 117.0 33.3 100.3 28.6
da 77 21.9 117.0 33.3 100.3 28.6

04 oy 804 41.7 643 .0 33.3 < .01 826.8 42.9 < .01
St 612 31.7 643 .0 33.3 550.9 28.6
da 513 26.6 643.0 33.3 550.9 28.6

Totals oy 1425 4 0 .2 1199.3 33.3 < .01 1542.1 42.9 < .01
St 1091 3 0 . 8 1199.3 33.3 1027.9 28.6
da 1032 29.1 1199.3 33.3 1027.9 28.6

oy/st/da Cl
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type* Use of the Chi-square probability test gave proba
bility values of less than five percent for the hypothesis 
of random segregation in six of the ten tests0 In each 
case, the test which involved setting in the vicinity of 
one thousand triploid females produced a probability value 
of less than one percent, as did the total values for each 
of the three kinds of tests*

Only in the B series * did the majority of tests fit 
Whiting's hypothesis. In the B series, two out of the 
three tests plus the total values gave a probability value 
of greater than five percent that the two recombinant 
classes are each two-thirds as frequent as the maternal 
class. Results from two of the tests in the A series fit 
this hypothesis; the totals for the^test type, however, 
did not. Hone of the tests in the G series fit Whiting's 
hypothesis.

Since Whiting's hypothesis was largely based on 
results from a single test, involving observation of only 
412 haploid progeny, it was felt that a new value, repre
sentative of the results obtained from the considerably 
larger numbers in the present work, should be considered. 
Accordingly, the numbers of haploids from all three tests 
were summed into two groups— maternal and recombinant, 
without regard for the genotype of the mother. By halving 
the total number of recombinants, a postulated maternal/
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recombinant l/recombinant 2 ratio of e40/o3 0 /« 3 0 was 
obtained. This ratio, designated as ^Modified Hypothesis 
of Whiting,® was tested by the Chi-sqnare probability 
method, and the results of the totals for each test type 
are summarized in Table III, In each case, an acceptable 
probability value for each total test was obtained. Some 
of the individual tests, notably 41, 42, 331 and 02, gave 
acceptable probability values for this ratio, also.

Table 17 compares the frequencies of diploid sons 
both with haploid sons and with total progeny in the three 
types of tests. As Whiting predicted, the percentage of 
diploids was half or less that of the haploids in every 
test,
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TABLE III

COMPARISON OF OBSERVED TOTAL NUMBERS OF HAPLOID 
.PROGENY WITH MODIFIED HYPOTHESIS OF WHITING

Female
Genotype . Test

ProgenyType # t
Expected

#. (p)
da/oy/st A oy 869 31<>3 833 .7 3 0 . 0 V b VtSt 860 31,0 833=7 3 0 . 0

da 1050 37,8 1111.6 4 0 . 0

st/oy/da B oy 1020 3 0 . 0 1021.8 3 0 . 0 V b Vlst 1412 41.5 1362.4 4 0 . 0
da 974 28.6 1021.8 3 0 . 0

oy/st/da C oy 1425 4 0 . 2 1419.2 4 0 . 0

ir\0A

st 1091 3 0 . 8 IO6 4.4 3 0 . 0
da 1032 29.1 1064=4 3 0 . 0
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TABLE IV

FREQUENCY OF DIPLOID SONS 
OF TRIPLOID MORMONIELLA FEMALES

Female Number of Sons Diploids 'Percent ofGenotype Test Haploid Diploid Total Haploids Total
da/oy/st Al 337 130 467 38.6 27.8

A2 730 273 1003 37.4 27.2
A3 1712 822 2534. 48.0 -12.4Total 2779 1225 4004 44® 1 3 0 . 6

st/oy/da B1 283 128 411 45.2 31.1
B2 218 88 306 40.4 28.8
B3 2915 1114 4029 38.2 27.6
Total 3416 1330 474"6~"~ 38.9 28.0

o%/st/da Cl 274 95 369 34.7 25.7
C2 1044 415 1459 39.8 28.4
C3 351 110 461 31.3 23.9
C4 1929 926 2855 48.0 ___3 2 .4 .Total 3598 1546 5144 43 <>0 30.0



DISCUSSION

Although random disjunction at meiosis is a funda
mental principle of Mendelian genetics, non-random, or pref
erential, segregation of chromosomes and genes has been 
found in a number of plants and animals, Swanson (1957) 
summarized many of the observations of these phenomena, 
including such diverse examples as non-random disjunction 
(1) of sex chromosomes and autosomes, (2) in polyploid and 
aneuploid species, (3) in connection with chromosomal 
aberrations, and (4) of supernumerary chromosomes.

Preferential segregation in Drosophila melanogas- 
ter has been found in triplo-IV females, which are triso- 
mic for the small IV chromosome. If segregation were com
pletely random, one would expect in three chromosomes A,
B and C that the three segregation patterns A/BO, B/AC and 
C/AB would be found in equal proportions, Sturtevant 
(1936) found that this is not the case; he established a 
series of ^pre f e r e n c e * *  among twenty-six chromosomes dis
tinguishable by genetic markers such that, in any three 
chromosomes, one t$preferred® to go to the diplo-pole 
with the chromosome which lies higher in the series,
Swanson (1957) suggested that the basis of this preferential

22
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behavior lies in the centromeres ©r the adjacent heter©- 
ehroaatin ©f the IV chromosomes presente

Other eases of preferential segregation seem to 
depend upon the method of zygote formation rather than any
thing in the nature of the chromosomes‘themselves,, Metz 
(1938) and Gromse (1943) have studied speraotogenesis in 
3ciara. both by cyt©logical and genetic means„ In this 
organism, paternal chromosomes regularly are lost and only 
the maternal chromosomes are transmitted. Since there are 
no visible morphological differences between the differ
ently arising chromosomes, it has been assmmed that the 
elimination somehow stems from the manner in which the 
chromosomes were combined.

Hhoades.(1942) discovered in maize that a morpho
logically distinct, abnormal chromosome 10 segregated 
preferentially at megasporogenesis in heterozygotes 
(abnormal/normal). The abnormal type was recovered among 
seventy percent of the progeny of backcrosses between these 
heterozygotes and the normal homozygotes. Hhoades postu
lated that the cause of this preferential segregation is 
localized in the structural modifications which distinguish 
abnormal 10 from the normal. Oytological studies by 
Rhoades and Vilkomerson (1942) indicated that secondary 
sites of centric activity on the modified chromosome, the 
neocentromeres, caused precocious movement to the poles;
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hence, these reached the poles more rapidly than normal 
chromosomes, and had a greater opportunity to be included 
within the functional egg nucleus®

Other structurally modified chromosomes in maize 
may segregate preferentially, but their non-random behav
ior seems to depend upon the presence of abnormal 10® 
Kikudome (195) found that, in three stocks having different 
size terminal knobs on chromosome 9* there was an increase 
in preferential segregation proportionate with increase in 
knob size®

Preferential segregation in cases of chromosomal 
aberrations is an important mechanism for the maintenance 
of fertility® In Drosophila melanogaster (Sturtevant and 
Beadle, 1936) and Sciara impatiens (Garson, 1946) oogene
sis, a directed segregation prevents the inclusion of non- 
viable inversion crossover chromatids in the functional egg 
nucleus® Garson observed cytologically that, "At the sec
ond division, the dicentric chromatid, which usually does 
not break, remains between the two inner nuclei of the four 
formed at meiosis® This results in a directed segregation 
of the non-crossover chromatids into the terminal nuclei, 
one of which is the functional or ootid nucleus® This 
nucleus, therefore, regularly received a euploid complement 
of chromosomes®" He further suggested that there was a 
repulsion between the centromere of the dicentric and. that
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of the migrating non-crossover chromatid in such a way that 
only the non-crossover chromatid moved, the dicentric being 
unaffected,

Novitski (1951) found in Drosophila that where a 
disparity of chromosome size existed, the physically 
smaller chromosome tended to be recovered in the functional 
egg nucleus. This was discovered by use of an X chromosome 
which was smaller than the typical, due to non-functional 
heterochromatic deficiencies.

Preferential arrangement on the metaphase plate at 
meiosis I is an,important feature of many translocation 
heterozygotes. This has led to the establishment of a per
manent chromosomal polymorphism in several species of 
Oenothera. The mechanism involves a zig-zag arrangement 
upon the metaphase plate which may be genetically condi
tioned, since it occurs too frequently for it to be due 
solely to chance (Cleland, 1962).

Grell (1 9 6 4) carried out experiments with 
Drosophila melanogaster designed to show preferential pair
ing between chromosomes which do not undergo exchange.
The pairing mechanism seemed to depend upon two factors, 
physical size and similarity in size. Homologies between 
gene loci did not influence this “distributive pairing.“
She found that the occurrence and frequency of trivalent 
associations, as well as the manner of disjunction from a
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trivalent was dependent upon chromosome size, A directed 
segregation was noted in certain tri valent s., such that the 
intermediate-sized chromosome of the association would 
direct the larger and smaller members to the opposite pole0

LaChance* Riemann and Hopkins (1 9 6 4) have presented 
genetic and cytological evidence for preferential segrega
tion of a dominant mutant factor involving a reciprocal 
translocation in males of the screw worm fly Cochliomyia 
hominivoraxo The heterozygosity of the translocation was 
virtually obligatory$ since the majority of homozygotes 
for the factor perished, and the few that survived were 
sterileo A consistent seventy-five percent rather than 
the expected sixty-seven percent maintenance of this lethal 
factor in the population indicated that preferential segre
gation for the transloeation was occurringo Alternate dis
junction, similar to that previously described, seemed to 
be the mechanism which maintained the level of the trans- 
location* ■

The maintenance and increase of supernumerary or 
chromosomes in certain plant populations depends upon 

preferential segregation, Roman (1947a) has shown that 
preferential segregation occurred in microsporogenesis of 
maize, such that non-disjunction of the B chromosome pro
duced one sperm cell with two supernumeraries, and the 
other with none. Furthermore, a “preferential fertilization*
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occurreds where a sperm with the two supernumeraries was 
more likely to unite with the egg than with the endosperm 
nucleuss thus perpetuating and increasing the abnormality . 
(Roman3 1947b). These phenomena appeared to be under 
eentromerie control.

Kimura and Kayano (1 9 6 1) noted a preferential 
segregation of a B chromosome in embryo sac mother cells of 
Lilium callosum, such that it was included in the func
tional egg nucleus in eighty percent of the cases. These 
f$fsupernumeraries were maintained by preferential segre
gation against a gradient of lowered fertility and via
bility. This is an example of “meiotie drive, 18 a phen
omenon which may profoundly affect the genetic constitution 
of a population. Sandler and Hovitski (1957) considered -• 
examples and evolutionary implications of meiotie drive, 
such as the sex ratio condition in Drosophila and the T 
alleles in mice, and extrapolated these considerations to 
possible effects in human populations.

Swanson (1957) reported work of Seiler, who in 
1921 found that environmental factors may play roles in 
preferential segregation. Seiler demonstrated in the 
lepidopteran species Talaeporia tubulosa that the X chromo
some was temperature dependent| it normally passed into 
the polar body, but at high temperatures tended to remain 
in the egg, thus influencing the sex ratio.



28
Another observation of temperature dependency in 

preferential segregation was made by Zimmerling (1 9 6 3 ) P 

using males of Drosophila melanogaster. It had been pre
viously established thats following non-disjunction of the 
X and T chromosomes in male flies, the frequency of recov
ery of XT sperm was much lower than the frequency of recov
ery of nullo-X-nullo-Y sperm. This was particularly true 
in X and Y chromosomes in which the heterochromatic homol
ogies had been reduced. It had been previously observed 
by Zimmerling (unpublished) that the amount of this Y 
chromosome loss seemed to be reduced by lowering the tem
perature of such males. By maintenance of experimental 
males at a temperature of eight degrees less than the con
trols, the percentage of recovery of Y chromosomes almost 
doubled, both in XY and in Y bearing sperm. Investigation 
of the hypothesis that synaptic failure was the cause of 
this phenomenon resulted in his conclusion that the tem
perature-influenced meiotic loss was independent of 
synapsis.

From the foregoing discussion, it is apparent that 
the causes of preferential segregation are varied, and 
the cytogenetic mechanisms are still largely unknown.

The results of the present investigation demon
strate that, with respect to the haploid progeny, a pref
erential segregation favoring recovery of the maternal
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type is occurring* The extent of the process is a major . 
question yet to be answered* The present results clearly 
demonstrate that random segregation as such is not occur
ring; yet they do not completely support the extent of pref
erential segregation predicted by Whiting (1960b)*

Triploid Mormoniella females are highly sterile, as 
indicated by the results of the present investigation*
From 4,489 triploid females set in the three types of tests, 
only 13,894 progeny were recovered, representing an average 
of 3 ®09 sons per female. It is for this reason that the 
results for each individual test in the three types of 
experiments have been totaled and treated statistically as 
a single experiment. It is believed that this gives a 
truer picture of the extent of the preferential segregation 
than do the individual tests. This procedure results in 
over-all totals which fit the ^modified hypothesis*® of 
Whiting, i.e., with the recombinant classes occurring 
seventy-five percent as frequently as the maternal class.
The actual Chi-square probability ranges for the modifi
cation were .05-.10 (nAn test series), .10-.25 (t8B$$ test 
series), and .25-.50 (t8Ct8 test series). Each test total, 
therefore, fits the hypothesis within acceptable proba
bility limits.

it concept (Rhoades, 1961; White, 1961) which may 
help to explain preferential segregation with respect to
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parental combination involves the pairing of homologous 
chromosomes in polyploids<, Failure'of more than two homol
ogous chromosomes to synapse at any one point in some organ
isms results in the formation of a bivalent and a univalent 
which segregate from one another* It was suggested (White, 
1961) that elements which formed few chiasmata rarely were 
able to exist as multivalents after pachytene| crossing over 
is unknown between the genes at the E-locus used in the 
present study* If trivalents as such are not formed, but 
rather, bivalents and univalents, then a mechanism by which 
these members segregate may be envisioned*

Grell?s work on distributive pairing in Drosophila 
melanogaster (1 9 6 4) suggests that the maternal chromosomes 
themselves may direct the paternal chromosomes to the 
opposite poles, thus effecting an increase among maternal 
type haploids beyond that expected* If this is the case, 
some aspect of the ovum itself may be responsible for 
imparting ^directing ability8* to the maternal chromosomes* 

The cytoplasmic factor believed responsible for the 
difficulties in outcrosses with oyster-DR females might 
have produced a side effect of segregation distortion in 
the early tests in the C series* The G series is more 
irregular than either the A or B series* Use of the 
resynthesized oyster-DR stock resulted in an approximation 
of the ratios obtained in the A and B series.
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Cytological studies (Whiting, 1965) indicate that there is 
an additional preferential segregation with respect to the 
euploid products of the first meiotic divisione The diploid 
group of chromosomes is more likely to be included in the 
first polar body than is the haploid groupe This is a cyto
logical explanation for the reduction in numbers of diploid 
males, as observed both by Whiting and in the present inves
tigation » A reduction in numbers of this sort in natural 
populations would tend to eliminate the polyploid condition= 

The demonstration of the occurrence of non-random 
disjunction in the oogenesis of triploid females is shown 
here only in the haploid progeny. To demonstrate without 
question that it occurs in the diploids would necessitate 
the analysis of the diploid progeny from each of the three 
types of triploid females. This might be accomplished 1 
directly by mating individually each diploid son of a speci
fic type of triploid female with diploid females.homozygous 
for one of the R-locus alternatives used in this investiga
tion, ' If dahlia-845 were used, the genotype of each diploid 
son might be determined by analysis of the progeny resulting 
from his triploid daughters. One would expect, in the case 
of an oy/st male, for his daughters5 haploid progeny to be 
oyster, scarlet and dahlia; for a st/da male, only scarlet 
and dahlia; for an oy/da male, only oyster and dahlia. This
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would provide a ratio of the three types of diploid sons 
resulting from a given triploid female«

The procedure above would be tedious and time- 
consuming., Whiting (1960b) suggested a method to demon
strate preferential segregation among the diploid sons of 
triploid females by the use of lethal genes associated with 
certain of the B-locus eye color alleles. He carried out 
some experiments utilizing trilethal alleles, such that 
only diploid ^balanced lethal** male progeny were produced^ 
each type of which was phenotypidally distinguishable.
The results obtained by Whiting were inconclusive; perhaps 
larger-scale experiments with differing combinations of 
trilethal alleles might be more fruitful in demonstrating 
that preferential segregation with respect to manner of 
combination does occur among the diploid sons of triploid 
females.



CONCLUSIONS

Under the experimental conditions of the investi
gation, the following conclusions are believed to be jus
tified:

1„ Genetic preferential segregation occurs among 
the haploid progeny of triploid Mormoniella females9 The 
non-random disjunction occurs in the same direction as the 
gametic union which produced the triploid mother, with an 
excess of the maternal type being produced0

2„ The maternal type is in excess of the recom
binant types such that each recombinant type occurs approx
imately seventy-five percent as frequently as the maternal 
type. '

3. & cytoplasmic factor, believed to be respon
sible for outcross failures between oyster-DR females and 
heterozygous males, may have produced distortion of ratios 
in tests Cl, 02 and 03 s which were more irregular than 
those produced in other test series.

4. The causative agent of this preferential segre
gation is unknown.

5. Diploid progeny of triploid females are pro
duced less than one-half as frequently as haploid progeny.
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It is not known whether a corresponding preferential segre
gation of diploid chromosomes occurs*

6, The present findings substantially support the 
hypothesis of Whiting (1960b), The major discrepancy 
between Whiting’s predictions and the present findings con
cerns the extent of preferential segregation*



SUI'SIARI

Differing combinations of the three E~locns alter
natives oyster-BRs scarlet-BR and dahlia-845 were used in 
an investigation of segregation patterns in the oogenesis 
of triploid Mormoniella females. The design of the exper
iments was such that one of the R-locus genes was intro
duced from the maternal side and two from the paternal side 
into the triploid zygote. It was observed that the haploid 
sons recovered from such triploid females tended to include 
an excess of the maternal type, regardless of the gene 
introduced from the maternal side. The ratio produced was 
approximately ,4 maternal: ,3 recombinant I t  ,3 recombinant 
2, rather than equal numbers, of each type which would be 
expected on the basis of random segregation. Diploids were 
observed to occur somewhat less than one-half as fre
quently as haploids. These findings strongly support the 
predictions made by Dr, P, W, "Whiting, who suggested that 
triploid Mormoniella females exhibited such a preferential 
segregation with respect to parental combinations,
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