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Abstract

Unbiased allele transmission into progeny is a fundamental genetic concept canonized as Mendel’s
Law of Segregation. Not all alleles, however, abide by the law. Killer meiotic drivers are ultra-
selfish DNA sequences that are transmitted into more than half (sometimes all) of the meiotic
products generated by a heterozygote. As their name implies, these loci gain a transmission
advantage in heterozygotes by destroying otherwise viable meiotic products that do not inherit the
driver. We review and classify killer meiotic drive genes across a wide spectrum of eukaryotes. We
discuss how analyses of these ultra-selfish genes can lead to greater insight into the mechanisms of
gametogenesis and the causes of infertility.
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Meiotic Drivers Break Mendel’s Law

The visionary monk Gregor Mendel was the first to describe the rules governing the
transmission of alleles into offspring [1]. Two of Mendel’s ‘Laws’ (Dominance and
Independent Assortment) have long since been downgraded and are now better described as
‘context dependent guidelines.” His Law of Segregation, however, has endured. This law
stipulates that each of the two alleles carried by a heterozygote will be transmitted equally
into meiotic products (e.g. gametes, like sperm). Unbiased segregation of homologous
chromosomes during meiosis is now known to underlie Mendelian (equal) allele
transmission.

Meiosis and gametogenesis are, however, vulnerable to exploitation by meiotic drivers.
These selfish loci can bias allele transmission in their favor so that they are found in more
than half of the functional meiotic products generated by a heterozygote [2]. The
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transmission advantage enjoyed by these cheaters can allow them to spread in a population,
even if they are deleterious to fitness, which they often are [3—-6]. Meiotic drive is thus a
powerful evolutionary force that has likely shaped the structure of eukaryotic chromosomes
and the genes that act during meiosis and gametogenesis [7-9].

There are two general classes of meiotic drivers [9]. Class one drivers, sometimes called
‘true meiotic drivers’ (see glossary), act during the meiotic chromosome divisions. For
example, loci called ‘knobs’ in maize can promote their preferential segregation during
meiosis to the position that will become the egg [10]. The second class of drivers are the
killer meiotic drivers that constitute the focus of this review. These drivers are sometimes
called “ultra-selfish’ genes because of their exceptional methods [11]. These ultra-selfish
alleles do not achieve a transmission bias by increasing the absolute number of meiotic
products carrying them. Instead, killers gain an advantage by sabotaging otherwise viable
meiotic products that do not inherit the selfish allele. In other words, they can spread through
a population by actively destroying competitors. Killers often act on the products of male
(symmetric) meiosis in which all meiotic products are viable [9]. However, there are also
killer meiotic drivers that act on gametes produced by female (asymmetric) meiosis in which
only one meiotic product becomes a gamete [12]. Some killers even destroy both male and
female gametes that do not inherit them [13, 14].

Several genes used in killer meiotic drive systems have been identified. Here, we review
these exciting discoveries and examine their implications. We omitted discussion of meiotic
drivers that either act during the meiotic divisions or have an unknown mode of altering
allele transmission frequencies [15-21].

Cryptic Criminals: How Common are Killers?

The theoretical potential of killer meiotic drivers to shape the evolution of populations is
clear from years of analyses [8, 9]. The actual impact of these ultra-selfish elements on
biology, however, depends on their prevalence. If killers are genetic oddities and seen in
relatively few populations, their impact would be minimal. Conversely, if these selfish alleles
are lurking (or previously existed) in the genomes of many populations, they would have a
large impact. Indeed, it has been argued that these parasites are likely widespread and that
they may explain important aspects of eukaryote biology and evolution [7, 22]. The
prevalence of currently active killer meiotic drivers is not clear, even in intensely studied
organisms. This ignorance of extant killer frequencies is due to the significant challenges of
detecting meiotic drive (Figure 1).

Perhaps the biggest contributor inhibiting the discovery of meiotic drive loci is that
geneticists often follow Mendel’s example and choose pure-breeding (i.e. homozygous)
highly inter-fertile organisms for their experiments [1]. This choice of experimental systems
has facilitated innumerable discoveries, but the choice has also given a biased view of how
sexual reproduction happens. In the wild, extreme inbreeding is generally not a winning
evolutionary strategy and gametogenesis often occurs in heterozygotes. In addition,
heterozygotes generated by crossing natural isolates are not always highly fertile [23-25].
These factors are important to consider as there can be differences between gametogenesis in
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homozygotes versus heterozygotes [26]. For example, meiotic drivers can only be observed
in heterozygotes, where a given drive allele has a competitor. Furthermore, meiotic drivers
can cause infertility. Eschewing individuals with low fertility from genetic analyses could
preclude discovery of meiotic drivers, not to mention other factors that cause infertility in
natural populations.

An additional challenge to detecting drive alleles is that they are predicted to be transient
and evolutionarily labile [9, 27]. The transmission advantage enjoyed by drivers can allow
them to become fixed in a population. After fixation, all individuals will be homozygous for
the driver and exhibit no drive phenotype. Alternatively, a potentially active driver may be
segregating within a population, but be phenotypically invisible due to the actions of
suppressors. Both fixed and successfully suppressed drive alleles can accumulate
inactivating mutations and lose the ability to drive. Because non-functional drivers receive
no selfish advantages and are not maintained by selection, they are likely to become extinct.
Due to these factors, meiotic drivers are often discovered by chance in hybrids generated by
crossing genetically diverse individuals or even (largely) reproductively isolated species [8,
24, 26, 28-30]. In these hybrids, the meiotic drive alleles are more likely to be heterozygous
and can become uncoupled from suppressors. A hypothetical evolutionary scenario of a
drive system illustrating some of these ideas is presented in Figure 1.

In the past, discovery of allele transmission biases associated with drive depended on genetic
linkage between the drive locus and a heterozygous phenotypic marker. Many identified
meiotic drivers, for example, are on sex chromosomes and lead to biased sex ratios (Box 1).
Similarly, the driving #haplotype of mouse was discovered because the haplotype carries an
allele that causes taillessness [8]. In recent years, however, technological advances have
bypassed this requirement and biased allele transmission can be assayed directly via whole
genome sequencing of gametes or cross progeny [17, 31-33].

Box 1
Killer meiotic drivers on sex chromosomes

Various drive systems have been identified on sex chromosomes due to their easily
detectable phenotype: a sex-ratio bias in the offspring [57]. Drive of one of the sex
chromosomes leads to an unequal transmission of the X or Y chromosome, resulting in a
female or male-biased progeny, respectively. For example, in Drosophila simulans, the
Distorter on the X (Dox) driver is thought to disrupt the maturation of Y-bearing sperm.
The first apparent defect caused by Dox occurs after the meiotic divisions: however, the
mechanism is unknown and it is possible Dox acts during meiosis [58, 59].

The S/xand and S/y multigene families in mouse represent competing killer meiotic
drive systems on the X and Y chromosomes, respectively. S/x promotes expression of X
and Y-linked genes in spermatids, whereas S/y represses expression of X and Y-linked
genes. An imbalance of S/xand S/y copy number in hybrids or knockdown of either gene
family causes reduced fertility and sex-ratio bias. S/x deficiency leads to male-biased
litters while S/y deficiency causes female-biased progeny. The mechanism(s) used by
these genes are unclear [60-62]. Analogous amplified gene families, VCXand VCY; are
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present on the human X and Y chromosomes and may also be involved in meiotic drive.
VCXand VCY are found only in simian primates and are expressed only in testes [62,
63].

After observing allele transmission biases, it can be difficult to distinguish meiotic drive
from other causes of biased allele transmission. For example, if an allele contributes to a
lethal genetic incompatibility, it will be underrepresented in the progeny of a heterozygote,
but that does not make the alternative allele a meiotic driver. Careful genetic analyses must
be used to demonstrate that drivers cause viable genotypes (like a parental genotype) to be
underrepresented in the functional meiotic products.

A final barrier to detecting and gauging the prevalence of killer meiotic drivers in a
population is their diversity. There are apparently many ways to build a killer. Of all genes
known to be required for killer meiotic drive in diverse organisms, none are homologous.
The filamentous fungus Podospora anserina, for example, contains at least two totally
distinct types of killer meiotic drive systems [34, 35]. In addition, the genes comprising a
killer drive system can be rapidly evolving [32, 36]. These factors limit the usefulness of
simple bioinformatic searches (e.g. BLAST) for querying genomes for the presence of
meiotic drivers. Thorough genetic analyses and a degree of luck are currently required to
unambiguously detect drivers in any system.

How to Kill the Competition?

We currently know very little about the molecular mechanisms used by killer meiotic
drivers. The few identified genes suggest the mechanisms are remarkably diverse. However,
some general themes have emerged. To execute killing, a locus must be able to do two
things. First, the driving allele must confer the ability to distinguish meiotic products that
inherit the allele from those that do not. Second, the driving allele must confer the ability to
kill meiotic products. There are alternative approaches to accomplishing these requirements
and killing meiotic drivers can be broken down into two broad types (Figure 2, Key Figure).

Killer-Target Drive Systems

The first type of killer meiotic drive system is the killer-target drivers. These loci encode
something that can be considered a “killer element.” The killer element must be trans-acting
so that it can interact with all the meiotic products generated by an individual heterozygous
for the meiotic drive locus. The Killer element could gain access to all meiotic products via
expression in the cell prior to meiosis, or via the cytoplasmic connections commonly
observed between developing meiotic products. The killer only becomes deadly in meiotic
products that contain a second ‘target’ element. The target is most commonly a protein but
can also be a genomic locus. Importantly, localization of the target must be restricted to the
meiotic products that do not inherit the drive locus. This ensures that only meiotic products
that do not carry the drive locus are destroyed. Finally, it is important that the loci encoding
the killer element and the target are tightly linked to each other, but on different haplotypes.
This arrangement protects the drive locus from self-destruction (Figure 2A). The three killer-
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target systems with known components (described below) utilize a remarkably wide range of
molecular approaches.

Drosophila melanogaster SD

One of the first and most intensively studied meiotic drive systems is Segregation Distorter
(SD), a killer-target system found in the fruit fly Drosophila melanogaster. The driving SD
allele can be transmitted to >90% of the progeny of SD/SD+ heterozygous males. The killer
of the SD system is the Sd protein, a truncated duplicate copy of the RanGAP protein
involved in nuclear transport [37]. Sd kills developing spermatids that inherit sensitive
alleles of the linked target DNA sequence, a large satellite repeat known as Responder (Rsp)
[38]. The SD system has been extensively reviewed elsewhere, but how Sd causes death of
Rsp-bearing spermatids is still unknown [6].

Oryza sativa Sa

The Sadrive locus of cultivated rice (Oryza sativa) also has two key loci and acts via a
killer-target mechanism, but is quite different from SD. The driving Saallele found in the
indica subspecies encodes Salf+, a SUMO E3 ligase-like protein, and Sa~+, an F-box
protein. The Salocus in the japonica subspecies encodes alternate alleles of the genes
denoted SaM- and SaF—. The SaM- allele is a truncated (40 amino acids shorter) version of
SaMr. Saf— differs from Saf+ by a single amino acid substitution. In indica/japonica
hybrids, the SaM+ and SaF+ proteins together form a killer that targets pollen that inherit
the SaM- locus. This results in transmission of the /ndica allele to almost all (99.5%) of the
viable pollen. The mechanism of Sadrive is unknown, although both SaF+ and SaF-
physically interact with the SaM- protein, but neither F protein showed an interaction with
SaM+ [39].

Podospora anserina het-s

The het-sallele in £ anserina represents a Killer-target meiotic driver that has only one key
gene [35]. The molecular mechanism of this driver is the best understood of any due to
experiments characterizing how Aet-s contributes to cell death in an asexual fusion process
known as post-fusion heterokaryon incompatibility [40, 41]. The het-s allele encodes the
HET-s protein, which can form a prion. The alternate allele, Aet-S, encodes the HET-S
protein, which is not a prion. Interestingly, the prions themselves are not toxic to the cells.
Rather, maternally inherited cytoplasmic HET-s prions (the killers) are transmitted to
developing meiotic products (spores). Spores that inherit the /et-Sallele also contain the
HET-S protein (the target) [35]. The HET-s prions convert HET-S into an oligomeric integral
membrane protein that perforates the cell membrane, thus killing the fez-S cell [40].
Because it depends on maternally inherited prions, the transmission advantage enjoyed by
the het-sallele in heterozygotes is variable; drive only occurs in ~25% of meiosis at the
optimal temperature [35].

Poison-Antidote Drive Systems

The second type of killer meiotic driver is the poison-antidote drive systems. These drivers
produce two factors: a poison and an antidote. Like the killers described above, the poisons
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of these drive systems are trans-acting to spread to all the developing meiotic products.
Unlike the killers described above, these poisons Kill indiscriminately. Not all meiotic
products are destroyed, however, because an antidote selectively rescues those that inherit
the drive locus. How specificity is ensured is generally unclear, but may be due to
transcription of the antidote within the developing meiotic product itself. Like the killer-
target systems, it is essential that the sequences encoding the poison and antidote of a driver
are tightly linked to each other. In this case, however, the two components must be linked on
the same haplotype (Figure 2B).

Mus musculus t-haplotype

The mouse #haplotype carries the most complex characterized poison-antidote killer meiotic
drive system. The locus encompasses roughly 1% of the mouse genome, yet it is inherited as
a unit due to four inversions that suppress recombination. £haplotype heterozygotes transmit
the driving locus to almost all (99%) of the functional sperm [42]. Multiple proteins encoded
in the £haplotype act as poisons to additively disrupt sperm flagellar function. All three of
the identified poison proteins affect Rho G-proteins. The first identified poison is a
hypermorphic allele of 7agap1, which encodes a G-protein inhibitor. The 7agapl signaling
pathway is hypothesized to activate an inhibitor of the Sperm Motility Kinase (SMOK1)
[43]. The second identified poison, encoded by a hypermorphic allele of FgadZ, is also
hypothesized to cause over activation of SMOK1. FgadZencodes a G-protein activator that is
hypothesized to act via a distinct signaling pathway from 7agap1 [44]. The final poison is
encoded by a hypomorphic allele of Nme3, which phosphorylates GDP to GTP. It is unclear
how NMES3 fits into the putative TAGAP1 and FGD?2 signaling pathways [45]. The antidote
that rescues flagellar function in sperm that inherit the #haplotype is a dominant negative
version of SMOK1. Smok1 is expressed in sperm and is gamete-specific, because neither the
MRNA nor the protein is shared with other sperm, despite their cytoplasmic connections
[46].

Oryza sativa S5

The S5locus found in Oryza sativarepresents a less complex poison-antidote meiotic drive
system. In indical japonica hybrids, female gametes (megaspores) that inherit the japonica S5
haplotype are preferentially destroyed. The /indicaallele is thus transmitted to ~90% of the
viable megaspores. The S5drive system requires three genes: ORF3, ORF4and ORF5.
Isolates of the /ndica subspecies have the genotype ORF3+, ORF4-, ORF5+, whereas
isolates of the japonica subspecies are ORF3-, ORF4+, ORF5—. ORF3encodes a protein
that shares homology with Hsp70 and the ORF3- allele found in japonicahas a 13 bp
deletion near the C-terminus. ORF4 has no homology to characterized proteins, but it
contains a predicted transmembrane domain. The ORF4- allele found in /ndicahas an 11 bp
deletion in the middle of the protein that results in the loss of the transmembrane domain
[12]. ORF5encodes an aspartic protease and the /ndica and japonica alleles differ by only
two amino acids [47].

In indical japonica hybrids, the products of the ORF4+ and ORF5+ alleles combine to form a
poison. Megaspores that inherit ORF3+ (the antidote) are rescued, whereas those that inherit
ORF3- are destroyed. The ancestral genotype (ORF3* ORF4+ and ORF5+) of indicaand
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Japonica was thus likely an intact meiotic driver that has decayed within the two subspecies
[48]. It is hypothesized that ORF5+ might interact with ORF4+ protein on the plasma
membrane of developing megaspores. This interaction is predicted to initiate a signal that
leads to endoplasmic reticulum (ER) stress and ultimately programmed cell death. The
ORF3+ protein is hypothesized to prevent gamete death by suppressing ER stress [12].

Neurospora intermedia Sk-2 and Sk-3

The Sk spore killers were the first recognized meiotic drive alleles in fungi. Sk-2and Sk-3
were both isolated from the filamentous fungus Neurospora intermedia. These loci act in
heterozygotes and can kill almost all of the spores (>96%) that do not inherit them when the
loci are introgressed into N. crassa [49]. Distinct alleles of the rsk (resistant to spore killer)
gene serve as antidotes for both drivers [50]. The Sk-2 rsk allele does not protect against the
Sk-3poison and vice versa [49]. rskencodes a 486 amino acid protein with no recognized
motifs or homology to proteins outside of fungi closely related to Meurospora. It is unclear
how rsk prevents spore destruction and the poison(s) used by the Sk drivers are unknown
[51].

Podospora anserina Spok1 and Spok2

The Spokl and SpokZ poison-antidote meiotic drivers recently mapped in 2 anserina greatly
expanded the field’s view of the requirements for meiotic drive and how these selfish
elements can spread through populations. The Spok genes were the first examples of single
genes constituting autonomous drive systems. A single Spok gene can kill nearly all the
spores that do not inherit the gene from a heterozygous diploid [34]. Separation of function
alleles revealed that these genes each encode both poison and antidote functions.
Interestingly, the antidote of SpokI protects against killing by SpokZ, but not vice versa. It is
not clear, however, how the poison and antidote functions are partitioned within the gene or
how the spore Killing is executed [34].

An additional remarkable feature of the Spok genes is their evolutionary mobility between
and within genomes. SpokI and SpokZ2 are members of a multigene family found in up to 11
copies in a wide range of filamentous fungi. Phylogenies suggest that functionally intact
Spok genes may have moved into some lineages via horizontal gene transfer. Consistent
with this idea, Spok driven by its endogenous promotor can cause drive in Sordaria
macrospora, even though the fungi are roughly as diverged as mammals are from fishes.
Similarly, a Spok gene cloned from Nectria haematococca, an even more distantly related
fungus, was also able to cause spore death in 2 anserina. The Spok genes do not share
apparent homology to genes outside of fungi [34].

Schizosaccharomyces pombe wtf genes

The fission yeast wifpoison-antidote meiotic drivers expand upon themes discovered in the
Spok genes. The wifgenes are also autonomous one-gene drivers and they constitute a
multigene family with as many as 32 genes (including likely pseudogenes) per isolate. The
compact structure of the Spok and wifdrivers has likely facilitated their spread to multiple
copies within a genome [26, 32, 36].
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Driving wifgenes produce both a poison and an antidote using different transcriptional and
translational start sites. The poison is encoded on a transcript with five exons, whereas the
antidote is encoded on a longer transcript that includes an upstream exon in addition to the
same five that encode the poison protein. The poison protein is expressed prior to spore
individualization and the poison is found within all four developing spores. The antidote, on
the other hand, is produced after spore individualization and remains within the spores that
encode the wifallele, biasing wiftransmission into > 70% of the viable spores [32, 36]. Like
the Spok genes, the wifgenes do not share apparent homology to genes found outside of
fungi. It is also unknown how a given Witf poison protein kills or how the antidote
neutralizes the poison [32, 34, 36].

Concluding Remarks and Future Perspectives

The meiotic drive field is 60 years old, but is still quite young in terms of molecular
understanding [2]. The handful of cloned genes described in this review constitute the bulk
of our molecular understanding about how killer meiotic drivers work. This is, however, an
exciting time to study meiotic drive. The field is poised to greatly expand in the coming
years as next generation sequencing facilitates detection of meiotic drivers [17, 19, 31, 32].
The widening implementation of CRISPR genome editing technology will also likely hasten
identification of the responsible genes, even in model systems that were previously
genetically intractable. These advances are necessary to address the many questions that
remain unanswered (See Outstanding Questions).

We currently know the molecular mechanisms of too few drivers from too few organisms to
determine if non-homologous killer meiotic drivers have converged on any common
mechanistic themes. It is possible there are conserved aspects of gametogenesis that have
been repeatedly targeted by these killers. If so, studying killer meiotic drivers could
represent a useful approach to understanding the biology of those targeted features. There
are, however, a plethora of ways to destroy a cell and killer meiotic drivers may exploit
numerous diverse paths. If so, then studying killer meiotic drivers could provide an approach
to learn about many critical areas of gametogenesis. For example, studies of the mechanism
of the +haplotype have provided novel insights into gamete-specific gene products and
sperm motility in mammals [45, 46].

We labeled killer meiotic drivers as genetic villains in this review, because they are expected
to generally decrease the fitness of populations that carry them [3, 4]. Indeed, these selfish
loci may be major drivers of reproductive isolation in natural populations [8, 26, 35, 52, 53].
Killer meiotic drivers are also widespread in important crop species, including rice and
wheat, where they create formidable barriers to crop improvement via crosses with divergent
populations [13, 24].

Finally, it may be possible to use molecular biology to exploit meiotic drivers for a
beneficial purpose. Killer meiotic drivers could be used to generate synthetic gene drives
that will spread in natural populations [9, 54-56]. For example, the single-gene drivers could
be modified for expression in Angpheles mosquitoes. These killers could then be used to
spread linked variants that decrease the insect’s ability to transmit disease or to eliminate a
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population entirely. In this way, we can manipulate the ‘genetic villains’ to improve the lives
of humans.
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True meiotic driver
a locus that biases allele transmission via altered chromosome segregation during meiosis.

Killer meiotic driver
a locus that biases allele transmission by disabling meiotic products that do not inherit the
drive locus.

RanGAP
activating protein for the Ran GTPase involved in transport of molecules between the
cytoplasm and nucleus.

Satellite
large, repetitive arrays of non-coding DNA sequences.

SUMO E3 ligase
enzyme that can modify other proteins by attaching SUMO (small ubiquitin-like modifier)
proteins.

F-box protein
contain an F-box domain that mediates protein-protein interactions.

Post-fusion heterokaryon incompatibility
a process in which filamentous fungi with incompatible genotypes cannot form viable
heterokaryons after asexual fusion.

Prion
aggregating conformation of a protein that can induce other proteins with the same amino
acid sequence to refold into the prion conformation.

Rho G-proteins
GTPase proteins involved in cellular signaling.

Hsp70
chaperone protein originally identified in fruit flies that helps to fold nascent proteins and to
refold misfolded proteins.
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Killer meiotic drivers are ultra-selfish alleles that bias their transmission by destroying
meiotic products that do not inherit them.

Meiotic drivers have been found in a wide range of eukaryotes, but are notoriously hard
to detect. Killer meiotic drivers contribute to reproductive isolation in natural
populations.

There are two broadly defined mechanisms killer meiotic drivers commonly use: poison-
antidote and killer-target.

Cloned killer meiotic drive systems are beginning to provide mechanistic insight into
how these selfish loci bias their transmission.

Killer meiotic drivers may guide construction of synthetic gene drives which could be
used to modify or eliminate pest populations.

. Are meiotic drivers a genetic oddity or is it just hard to detect them? Do
meiotic drivers generally cause a strong transmission bias, or do drivers with
weaker phenotypes tend to go undetected?

. Will new genetic tools facilitate discovery of novel drivers? Are there killer
meiotic drivers present in humans?

. What aspects of gametogenesis do killer meiotic drivers exploit? What are the
molecular mechanisms by which uncharacterized drive systems act? Are there
mechanistic themes commonly used by killer meiotic drivers?

. Avre there evolutionary signatures that tend to be shared by killer meiotic
drivers? If so, could these features be used to guide discovery of new drive
systems?
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Figure 1. Hypothetical evolution of meiotic drivers
i) A meiotic drive locus (A) has the ability to generate drive when heterozygous.

Homozygotes fail to exhibit drive. ii) If a drive allele becomes fixed in a population, drive
will not be observed because all individuals will be homozygous. iii) Another possible path
is that the driver (A) could duplicate, creating a drive locus (b) that is free to diverge. The
original drive locus could accumulate mutations and be lost in the population. iv) As drivers
are generally deleterious for fitness, unlinked suppressors (¢) are likely to evolve. v) Over
time, populations (represented in ii and iv) evolve distinct landscapes of meiotic drivers and
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suppressors. If these two populations were to merge (v), the phenotypes of cryptic drivers
could emerge in hybrid individuals. In this way, meiotic drivers can contribute to hybrid
infertility and speciation.
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Figure 2 (Key Figure). General mechanisms of meiotic drivers
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(A) Killer-target meiotic drivers create a killer element that acts only on the meiotic products
that inherit the target. The target can be a DNA locus, or a gene product encoded by the
locus. (B) Poison-antidote meiotic drivers create a transacting poison that acts
indiscriminately on all meiotic products. Only meiotic products that inherit the meiotic drive
locus, and thus the antidote, live. A clear way to distinguish the two types is to consider the
phenotypes of mutants in which the gamete (or spore)-specific component is absent. In
killer-target systems, individuals containing at least one copy of the killer allele, but no
target, exhibit no killing of meiotic products. In contrast, in poison-antidote systems, all the
meiotic products are destroyed in individuals that encode the poison but lack the antidote.
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