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In the parasitic wasp, Nasonia vitripennis, males are haploid and usually develop from
unfertilized eggs, whereas females are diploid and develop from fertilized eggs. Some
individuals in this species carry a genetic element, termed ps» (paternal sex ratio), which
is transmitted through sperm and causes condensation and subsequent loss of paternal
chromosomes in fertilized eggs, thus converting diploid females into haploid males. In
this report the psr trait was shown to be caused by a supernumerary chromosome. This
B chromosome contains at least three repetitive DNA sequences that do not cross-
hybridize to each other or to the host genome. The psr chromosome apparently
produces a trans-acting product responsible for condensation of the paternal chromo-
somes, but is itself insensitive to the effect. Because the ps» chromosome enhances its
transmission by eliminating the rest of the genome, it can be considered the most

“selfish” genetic element yet described.

THE CONCEPT THAT SOME GENETIC
elements have no function other than
their own replication or transmis-
sion, in other words, that they are “selfish”
or “parasitic” has attracted a great deal of
interest in recent years (1). Possible exam-
ples of “selfish genes” include transposons,
supernumerary (or “B”) chromosomes, mei-
otic drive chromosomes, and sex ratio dis-
torters. Here we describe a B chromosome
that may be an extreme example of a selfish
genetic element.

Nasonia vitripennis is a small (=3 mm
long) wasp that lays its eggs in the pupae of
various fly species (2). Female wasps in this
haplodiploid species normally alter the sex
ratio among offspring by controlling the
proportion of eggs that are fertilized (males
develop from unfertilized eggs; females de-
velop from fertilized eggs) (3). Both autoso-
mal and extrachromosomal sex ratio variants
exist in this species (4, 5). One of the most
distinctive of these is the paternal sex ratio
(psr) element. When females are crossed to
psr males, they produce all-male or nearly all-
male families that inherit the ps trait (6). In
such crosses the absence of females is not
due to mortality of the female embryos or
failure of the sperm to fertilize the eggs;
rather, the set of chromosomes of paternal
origin becomes condensed after fertilization
of the eggs, fails to divide, and is eventually
lost (7). Because of haplodiploid sex deter-
mination, such haploid eggs develop into
males. Use of genetic markers confirmed
that all of the five paternal chromosomes are
lost, which led to the conclusion that psr is
extrachromosomal (not part of the normal
chromosomal complement) during at least
part of its transmission cycle (7). Thus, psr
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was believed to be either a cytoplasmic
agent, such as a virus, or an unusual mobile
genetic element. Attempts were therefore
made to isolate psr-specific DNA.

To begin the analysis of ps at the molecu-
lar level a X genomic library was constructed
of total DNA from psr males (8). We rea-
soned that if ps» is an extrachromosomal
agent, such as a virus or transposable ele-
ment, it would be present in many copies
per cell. Thus, N clones containing portions
of this DNA agent would hybridize to total
radioactively labeled DNA from ps» males.
Screening these same A clones with total
DNA from control males would reveal all
those repetitive DNA sequences normally
associated with the wasp genome. From a
double screening of 6000 clones from the
genomic library (9), 36 clones were selected
that hybridized intensely to ps» male DNA
but not at all to control male DNA. These
clones were regarded as a sublibrary of psr-
specific clones.

Several clones from this sublibrary were
selected for molecular analysis. Restriction
enzyme analysis revealed that one of these
clones, ps#2, had a very simple structure.
Seven restriction enzymes (Eco RI, Sst I,
Kpn L, Sal I, Xba I, Xho I, and Bam HI) did
not cleave anywhere within the 15-kilobase
pair (kbp) insert of ps#2, while Hind III
cleaved the entire insert into fragments that
were approximately 175 bp in length. This
indicated that the entire insert was com-
posed of approximately 85 tandem copies of
a short DNA sequence. The repeat (Fig. 1
top) is 171 bp .in length with no major
internal direct or inverted repeats. Tandem
repeats 170 to 185 bp in length, or approxi-
mately the length of DNA contained in one
nucleosome, have been detected in a number
of animal and plant species. Tandem repeats
from a few nucleotides to hundreds of nucle-

otides in length are frequently referred to as
satellite DNA and are usually associated
with chromosomal regions that contain het-
erochromatin (10).

To determine the organization of the ps»2
repeat within the genome of ps» males, the
171-bp repeat was used to probe genomic
blots of DNA from ps» and control males
(Fig. 1 bottom). Consistent with our origi-
nal screening of the genomic library, we
found that when the DNA from control
males was digested with Eco RI or Hind III
(lanes ¢ and d) no DNA complementary to
the 171-bp repeat could be detected. The
sensitivity of the hybridization in these ex-
periments was such that at most only a few
dispersed copies of the repeat could have
gone undetected. When genomic DNA

40
AAGCTTTTAT AAAAAGAACG CCGTCCTGTC GCCAACGACA

80
AGATGGCGGC CGGAGTGAGC TATTTGTATA GGCAGAATGC

120
GGGAGTCAAA AGTCTTGACT TTGGCTTACA CGCTTCTCTC

160
ACTCCAGTAG TAAGTATGAT CTTATACCCT TAAATTCCAG

. .An
CTACATGCCA G

Fig. 1. (Above) Nucle- a
otide sequence of the
171-bp repeat from

clone ps¥2. Charon 35

clone psr2 was digested 94
with Hind IIT and ligat-
ed to sequencing vector
ml3mpl9 (2I). Two
clones giving positive C-
tests with each other
were sequenced by the
dideoxy method (22). 20
The sequence of the two
clones differed in only
two positions. The clone
not shown contained a C
nucleotide at position 41
and an A at position 49.
The Hind III restriction
site has been underlined.
(Right) Genomic blots
of DNA from ps» and
control males probed
with the 171-bp-psr2 re-
peat sequence. For each lane, 2 pg of DNA was
digested, fractionated on a 1.0% agarose gel, and
transferred to nitrocellulose. The blot was hybrid-
ized with the nick-translated 171-bp repeat isolat-
ed from clone psz2. Hybridization was conducted
at 65°C in 0.6/ saline [0.6M NaCl, 0.1221 tris
hydrochloride (pH 8), 4 mAd EDTA], 0.1%
bovine serum albumin, 0.1% Ficoll, 0.1% poly-
vinylpyrrolidone, 25 mA sodium phosphate, 1%
sodium pyrophosphate, 0.1% SDS, 10% dextran
sulfate, and denatured calf thymus DNA (250
ng/ml). Final washing of the filter after hybridiza-
tion was at 65°C in 0.015A1 saline and 0.1% SDS.
DNA standards, in kilobases, are given at left.
Lane a, ps» male DNA digested with Eco RI;
lane b, psr male DNA digested with Hind III;
lane ¢, control male DNA digested with Eco RI;
and lane d, control male DNA digested with
Hind III.
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