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App. fig. 1. Restoration of diploidy in meiotic thelytokous parthenogenesis.
Premeiotic replication of chromosomes. Normal meiotic division-1.

1. Premeiotic replication of the chro
mosomes, followed by a normal meiotic
division-l (fig. 1). White, Cheney, and
Key (1963) have described the process
in the grasshopper Moraba virgo Key.
In that species, pairing of daughter
chromosomes takes place during pro
phase-I; and heterozygosity, if present,
is maintained. The genetic consequences
are similar to those in apomixis, and no

phenotypic variability can be generated
except by mutation and gonial crossing
over.

2. Normal meiotic division-2 followed
by fusion of identical cleavage nuclei
(fig. 2). Complete homozygosis is
reached within one generation regard
less of the genetic constitution of the
mother. Recessive lethal genes are ex
posed and eliminated immediately, and
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App. fig. 2. Restoration of diploidy in meiotic thelytokous parthenogenesis.
Normal meiotic division. Fusion of cleavage nuclei.
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the population carries no genetic load.
A heterozygous mother may give rise to
two or more types of homozygotes, and
some short-term generation of variabil
ity may be expected. According to
White (1970), such a mechanism is very
rare and has been described so far only
in scale insects and whiteflies (Ho
moptera). The frequently cited case of
cleavage nuclei fusion (Seiler and
Schaffer, 1941) in the psychid moth 80
lenobia triquetrella F .R. is now inter
preted differently according to White.

3. Abnormal meiotic division-I fol
lowed by a normal meiotic division-2
(fig. 3, C, D), or normal meiotic divi
sions-I and -2 followed by the fusion of
haploid non-sister meiotic products (fig.
3, A, B) (central fusion-Asher, 1970).
Permanent heterozygosis will be main
tained for loci that are completely
linked to their centromere, whereas loci
that undergo crossing over will become
homozygous. Given a female heterozy
gous for a locus (Aa) with a crossing
over value of (r), the progeny of that
female will consist of: (r/4) homozy
gotes (AA); (1 - r/2) heterozygotes
(Aa); and (r /4) homozygotes (aa).
Thus, genetic variability can be gen
erated, and heterozygosis can be main
tained at a cost of high genetic load (a
lower fitness of the homozygotes
Asher, 1970). Central fusion was de
scribed by Stalker (1954) in Drosophila
parthenogenetica. Abnormal meiotic di
vision-I followed by a normal meiotic di.
vision-2 (fig. 3, C, D) was described by
Speicher, Speicher, and Roberts (1965)
in the ichneumonid wasp Devorgilla
conescens (Grav):

4. Normal meiotic division-1 followed
by abnormal meiotic division-2 (fig. 4,
C, D), or normal meiotic division-1 and
-2 followed by a fusion of two haploid
sister products of the meiotic divisions
(fig. 4, A, B) (terminal fusion-Asher,
1970). Loci that are linked to their
centromeres will become homozygous
and maintain permanent homozygosis,

whereas loci that undergo crossing over
may maintain heterozygosis. Only loci
that show complete independent segre
gation from the centromere will be per
manently heterozygous. Given a hetero
zygous female for the locus (Aa) with a
crossing over value of (r), her progeny

(1- r)
will consist of: --- homozygotes

2
(AA); (r) heterozygotes (Aa); and
(1- r)
---homozygotes (aa). Genetic vari-

2
ability can be generated and heterozy-
gosity can be maintained at a very high
cost of genetic load. Terminal fusion
was described in Drosophila partheno
genetica by Stalker (1954). Abnormal
meiotic division-2 (fig. 4, C, D) occurs
in the coccid Lecanium hesperidum ac
cording to Suomalainen (1950).

5. Abnormal meiotic division-l and -2
(fig. 5). One diploid egg nucleus and
one polar body are produced. Given a
heterozygous female for locus (Aa ) ,
her progeny will consist of: % homozy
gotes (AA); % heterozygotes (Aa);
and % homozygotes (aa). Genetic vari
ability can be generated regardless of
linkage, and heterozygosity can be
maintained, provided the homozygotes
are of low fitness. The psychid moth
Solenobia lichenella L. possesses such
a mechanism (Suomalainen, 1950).

6. Abnormal meiotic division-l and
utilization of the products of meiotic
division-2 as cleavage nuclei (fig. 6, A,
B). No polar bodies are produced. In
dividuals produced by heterozygous fe
males will become mosaics for loci
linked to the centromere (as in fig. 6,
A) and will remain heterozygous for
loci that undergo crossing over (as in
fig. 6, B). Genetic variability can,
therefore, be generated through the
production of such mosaics. According
to Suomalainen (1950) the gall wasp
N euroierus baccarum L. possesses such
a mechanism.

So long as an individual possesses
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App. fig. 3. Restoration of diploidy in meiotic thelytokous parthenogenesis. A. Central fusion,
no crossing over. B. Central fusion, with crossing over. Opposite page: C. Abnormal meiotic
division-L, no crossing over. D. Abnormal meiotic division-L, with crossing over.

heterozygous loci that can segregate
independently from the centromere,

genetic variability can be generated
through mechanisms 3, 4, 5, and 6.
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App. fig. 4. Restoration of diploidy in meiotic thelytokous parthenogenesis. A. Terminal
fusion, no crossing over. B. Terminal fusion, with crossing over. Opposite page: C. Abnormal
meiotic division-2, no crossing over. D. Abnormal meiotic division-2, with crossing over.
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App. fig. 5. Restoration of diploidy in meiotic thelytokous parthenogenesis. Abnormal meiotic
division-l and -2. Heterozygous nuclei are four times as frequent as either homozygote.



HILGARDIA • Vol. 42, No.5. September, 1973 173

~
re\~(iii\~(H\/
\V ~ ~
gonia Abnormal Abnorm.~ (0'\0

M-l M-2 ~

becom.e
cleavage
nuclei

A
diploid
ooti.d
nuclei

become
c Leavage
nuclei

Abnormal
M-l

gonia

C)
(i'\o-~~----w~ reO\ .>
\9J ~~ ~

Abnormal~~
M-2 "V

B
diploid
ootid
nuclei

App. fig. 6. Restoration of diploidy in meiotic thelytokous parthenogenesis. A. Abnormal
meiotic division-I, no crossing over, no polar bodies produced. B. Abnormal meiotic division-L,
with crossing over, no polar bodies produced.
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