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1  | INTRODUC TION

1.1 | Why is inverted meiosis so rare?

The evolution of meiosis still presents some mysteries (Lenormand, 
Engelstädter, Johnston, Wijnker, & Haag, 2016). The very order of 
events in meiosis is one such mystery. In conventional meiosis, ho-
mologous chromosomes are separated at the first division, and sister 
chromatids are separated at the second division. Why does meiosis 
generally follow this order?

In some species of flowering plants (Cabral, Marques, Schubert, 
Pedrosa-Harand, & Schlögelhofer, 2014; Heckmann et al., 2014; Pazy 
& Plitmann, 1991), mites (Wrensch, Kethley, & Norton, 1994), true 
bugs (John, 1990) and mealybugs (Bongiorni, Fiorenzo, Pippoletti, & 
Prantera, 2004), meiosis follows the reverse order, in what is gener-
ally referred to as “inverted meiosis”: sister chromatids segregate be-
fore homologous chromosomes. All these species have holocentric 
chromosomes (kinetochores are assembled along the entire chromo-
some rather than at centromeres), which might suggest that inverted 
meiosis could have evolved to avoid problems of kinetochore geom-
etry and ensure proper chromosome segregation (Melters, Paliulis, 
Korf, & Chan, 2012). Indeed inverted meiosis can rescue hybrid vi-
ability (Lukhtanov et al., 2018). However, species with holocentric 
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chromosomes and normal meiosis exist, for instance female C. ele-
gans, where proper segregation is ensured by the fact that a single 
chiasma occurs per bivalent (Martinez-Perez et al., 2008) (species 
with holocentric chromosomes and inverted meiosis have mostly 
one chiasmata, but sometimes also two, and some do not have chi-
asmata at all; when chiasmata do not occur, DSB repair occurs by 
gene conversion without crossing over (Cabral et al., 2014)). It has 
been recently shown that inverted meiosis can also occur in humans, 
where it is indeed the most common aberrant segregation pattern 
(Ottolini et al., 2015).

All these observations suggest that there are no mechanistic 
constraints preventing inverted meiosis to arise in a monocentric 
species; hence, conventional meiosis (in which homologous chro-
mosomes segregate before sister chromatids) is not simply a “frozen 
accident” (Lenormand et al., 2016). Why then is inverted meiosis 
so rare and “conventional” meiosis so common? Does the “conven-
tional” order of segregation have an evolutionary advantage?

The only two hypotheses I am aware of (Lenormand et al., 
2016) are that conventional meiosis allows for DSB repair by sis-
ter chromatid exchange in arrested female meiosis (Mira, 1998) 
or that inverted meiosis would be vulnerable to exploitation by 
meiotic drive or sister killer selfish genetic elements; but, there 
seems to be neither theoretical nor empirical support for these 
ideas (Lenormand et al., 2016). The question of why meiosis al-
most universally follows the conventional order therefore remains 
a mystery.

1.2 | Rationale: loss of complementation in 
mutant asexuals

The hypothesis I propose here is the following: inverted meiosis 
is susceptible to invasion by competing asexual mutants, whereas 
conventional meiosis is not; hence, sexual populations with inverted 
meiosis go extinct whereas sexual populations with conventional 
meiosis are evolutionarily stable.

The logic of this hypothesis is the same that was used to explain 
the rarity of other alternative forms of asexual reproduction, such 

as automixis (a normal meiosis with two divisions, followed by fu-
sion of its products), endomitosis (a standard meiosis preceded by a 
replication), meiotic apomixis (a meiosis in which one division is sup-
pressed) with suppression of the second meiotic division (Archetti, 
2004a) and one-step meiosis (a simple division, without duplication) 
(Archetti, 2004b): asexual mutants arising from sexual (amphimic-
tic) individuals suffer a fitness cost due to loss of heterozygosity (or 
loss of complementation, LOC), which unmasks recessive delete-
rious alleles. This cost is, in most cases, so high that it counterbal-
ances (Archetti, 2004a) the well-known “two-fold cost of meiosis” 
(as defined by Lewis, 1987; Maynard Smith, 1971, 1978) in the sex-
ual individuals; as a consequence, an asexual mutant cannot spread 
in a sexual population—sexual reproduction is stable (the only ex-
ception to this occurs in polyploid species arising from meiosis with 
suppression of the first meiotic division; in these asexuals, the cost 
of LOC is lower than the two-fold cost of meiosis, enabling them to 
spread and drive the sexual population to extinction; indeed, mei-
otic apomixis is generally associated with triploidy or tetraploidy 
(Archetti, 2004a, 2010)).

The hypothesis presented here is analogous: a mutant asexual 
(apomictic) arising from inverted meiosis has no significant LOC; 
hence, it can quickly drive the original amphimictic population to ex-
tinction by virtue of the two-fold cost of meiosis. Hence, amphimixis 
with inverted meiosis is evolutionarily unstable against invasion by 
asexual mutants (whereas amphimixis with conventional meiosis is 
stable, because its asexual mutants have high LOC).

The suppression of the first division in inverted meiosis leads 
to the same LOC as the suppression of the second division in con-
ventional meiosis (Figure 1), which arguably leads to rapid LOC, 
but this has not been analysed quantitatively before (Archetti, 
2004a). LOC in one-step meiosis (Archetti, 2004b) has not been 
analysed quantitatively either, and it has been noted (Lenormand 
et al., 2016) that inverted meiosis is genetically equivalent to a mi-
tosis followed by a one-step meiosis. The analysis presented here 
will quantify LOC in asexual lineages arising from inverted meiosis 
with suppression of either the first or the second division, and will 
therefore also serve to study LOC in asexual lineages arising from 
one-step meiosis.

F I G U R E  1   Apomictic mutants arising 
from the suppression of a division in 
inverted meiosis. Suppression of the 
second (a, b) or first (c, d) division, without 
recombination (a, c) or with one crossing 
over (b, d). In case b, segregation can be of 
two types: z and x (z is more common)
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1.3 | Segregation bias

Apomixis arising from the suppression of the second division (of in-
verted meiosis) has the same effect as the suppression of the first 
division in conventional meiosis (Figure 1), with two types of segre-
gation: the z type—based on the nomenclature introduced by Stern 
(1936)—in which recombinant nonhomologous chromatids segregate 
together; and the x type, in which they segregate apart. LOC arises 
from the x type only (Figure 1).

Suppression of the second division requires further analysis 
because, in inverted meiosis, there is evidence for a bias in favour 
of z segregation (because chromatids pair with each other more 
likely than with the sister chromatid with which there was no chi-
asma, perhaps because they are in close proximity and remain 
linked at their termini by chromatin threads (Cabral et al., 2014, 
Marques, Schubert, Houben, & Pedrosa-Harand, 2016)). A recent 
study (Yin et al., 2019) shows that in inverted meiosis in mouse the 
z type is much more likely (up to two orders of magnitude) than 
the x type.

Hence, here we cannot infer LOC for asexual mutants arising 
from inverted meiosis by suppressing its second division simply by 
looking at existing calculations for LOC in asexual mutants arising 
from suppressing the first division of conventional meiosis, because 
previous calculations of LOC for conventional meiosis (Archetti, 
2004a) have ignored potential bias in the frequency of the two 
types. Here, we must introduce a further parameter that takes into 
account the bias towards z segregation.

2  | METHODS

2.1 | Loss of complementation

LOC after successive generations can be calculated analytically 
(Archetti, 2004a) if there is one (or less than one) crossing over 
per replication; in this case, a recombination event produces LOC 

in the part of the chromosome distal to the centromere from the 
site of crossing over. We can imagine that the chromosome is 
made of n parts of equal size. Let m be the number of the n parts 
where complementation is lost. The progeny generated by z seg-
regation will have the same LOC as the parent (see Figure 1). In the 
progeny generated by x segregation, instead, recombination will 
increase LOC if crossing over occurs at a site that is between the 
centromere and the part of the chromosome where complementa-
tion is already lost.

If, for example, m = 0, the progeny generated by x segregation 
will be made of individuals in which all the possible values of m, 
from 1 to n, have the same probability, because all sites on the 
chromosome have the same probability of recombining (Table 1); if 
m/n = 1/4, then 1/4 of the progeny generated by x segregation will 
have no further LOC, whereas for the other 3/4 of the progeny, 
m/n will be between (1/4 + 1/n) and 1, because LOC exists already 
in ¼ of the chromosome, and because all sites distal to the cen-
tromere from the site of crossing over have the same probability 
of recombining (Table 1).

In general, with z segregation, LOC will remain the same across 
generations; with x segregation, with probability m/n LOC will re-
main the same, whereas with probability (n-m)/n it will increase 
according to the amounts and probabilities described in Table 1: z 
segregation produces offspring with m' = m (where m' is the number 
of chromosome parts with LOC in the offspring); x segregation pro-
duces offspring that, with equal probability 1/n for all values of i be-
tween m and n, has a different (higher than the value m of the parent) 
LOC given by m' = i; and, with equal probability 1/n for all values of i 
between 0 and m, has the same LOC as the parent (m' = m) (Table 1).

Here, in addition, we must take into account the potential bias 
towards z segregation. In the fraction ξ of progeny generated by x 
segregation, recombination will increase LOC if and only if cross-
ing over occurs at a site that is between the centromere and the 
part of the chromosome where complementation is already lost. 
The fraction 1-ξof progeny generated by z segregation, instead, 
will have the same LOC as the parent. With no bias in segregation 

 Frequency Fitness

Progeny

f'0 f'1 f'2 … f'n

Adult f0 w0 (1–ρ)+ρ(1-ξ) ρξ/n ρξ/n … ρξ/n

f1 w1 – (1–ρ)+ρ(1–
ξ)+ρξ/n

ρξ/n … ρξ/n

f2 w2 – – (1–ρ)+ρ(1–
ξ)+2ρξ/n

… ρξ/n

… … … … … … …

fn wn – – – … (1–ρ)+ρ(1–
ξ)+nρξ/n

Note: Each entry represents the fraction f'i of progeny with i chromosome parts with LOC, 
produced in one generation.
fi: frequency of individuals with i chromosome parts with LOC; wi: fitness of individuals with i 
chromosome parts with LOC; ρ: probability of recombination; ξ: probability of x segregation; m: 
number of chromosome parts with LOC; n: total number of chromosome parts.

TA B L E  1   Offspring produced by 
apomixis with suppression of the second 
division of inverted meiosis, with one 
crossing over per replication
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(Archetti, 2004a), ξ = 1/2. The additional parameter ρ (frequency 
of recombination) introduces the possibility that the average num-
ber of crossing over events is < 1. Table 1 describes inheritance in 
this genetic system.

Note that results for the suppression of the first division (equiv-
alent to suppression of the second division in standard meiosis) can 
be obtained by setting ξ = 1 (compare the products of D with the 
products of x segregation in B in Figure 1).

2.2 | Fitness

To describe LOC in a population, we must consider that selection 
against deleterious recessive mutations eliminates more easily indi-
viduals with higher LOC. The effects of unmasking recessive del-
eterious mutations (due to LOC) can be quantified by the number 
of lethal equivalents λ. One lethal equivalent is one gene whose ef-
fects, when no longer masked by diploidy, are lethal for its bearer 
(or, assuming no epistasis and exactly additive effects, more genes 
whose effects summed together are lethal when unmasked). The 

fitness of an asexual individual is wm = 1-(m/n)·λ; if (m/n)·λ > 1, then 
wm = 0, because an individual can have more than one lethal equiva-
lent but cannot be killed more than once.

2.3 | Evolution

Therefore, if fm is the frequency of individuals with a fraction m/n of 
the chromosome with LOC and wm = 1-(m/n)λ (with the constraint 
that wm ≥ 0) is its fitness, then after one generation fm is given by 
(see Table 1):

where, as discussed above:

• m is the number of chromosome parts with LOC
• ρ is the probability of recombination
• ξ is the probability of x segregation

T ⋅ f�
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m
∑
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F I G U R E  2   Changes in LOC, fitness and 
prevalence of apomixis with suppression 
of the second division of inverted meiosis, 
with one crossing over. Labels show the 
number of lethal equivalents λ; Apomictic 
mutants are introduced in an amphimictic 
population with a frequency of 0.001; 
n = 1,000



464  |     ARCHETTI

• fi is frequency of individuals with i chromosome parts with LOC
• wi is the fitness of individuals with i chromosome parts with LOC
• T is a normalizing factor obtained by summing the right-hand side 

over all m.

3  | RESULTS

LOC in apomictic mutants arising from the suppression of the first 
division in inverted meiosis is equivalent to LOC in apomixis arising 
from the suppression of the first division if there is no segregation 
bias (ξ = 1/2): it varies from 100% (if  = 0) to 25% (for large ), with 
fitness ranging from 1 to 0.5—in any case higher than the fitness of 
the amphimictic wild type. Reducing ξ reduces LOC and increases 
the fitness of the apomictic mutants, which always ranges between 
1-ξ and 1, and leads to the extinction of amphimixis, in as few as 20 
generations when a single apomictic mutant is introduced in a popu-
lations of 1,000 sexual individuals (Figure 2).

Apomixis replaces amphimixis for any value of if ξ < 1/2; 
only if the number of lethal equivalents is high enough (approx-
imately  > 1) and x segregation more likely than z segregation 

(ξ > 1/2; which, however, contradicts current empirical evidence) 
can amphimixis be stable; when the recombination rate ρ is lower 
than 1, the parameter space in which amphimixis is stable is even 
more restricted and disappears as ρ becomes lower than 0.5 
(Figure 3).

Finally, an analysis of LOC in apomixis arising by the suppression 
of the first division of inverted meiosis (equivalent to the suppres-
sion of the second division of conventional meiosis) reveals why this 
type of meiotic apomixis seems to be nonexistent in nature: the del-
eterious effects of LOC are so strong here that apomixis can spread 
in a sexual population (by virtue of the two-fold cost of meiosis) 
only if the number of lethal equivalents is extremely low (Figure 4, 
Table 2).

Table 2 shows a comparison of the effects of LOC in different 
types of asexual reproduction. In summary, for a wide range of 
realistic parameters, amphimixis with inverted meiosis is unstable 
against the invasion of apomictic mutants arising by suppression 
of the second meiotic division. LOC in these mutants is so mild 
that it is not enough to counterbalance the “two-fold cost of sex”; 
as a consequence, amphimixis with inverted meiosis is replaced 
by apomixis.

F I G U R E  3   LOC, fitness and 
prevalence of apomixis at equilibrium 
with suppression of the second division of 
inverted meiosis. Each cell represents LOC 
or fitness as a function of the number of 
lethal equivalents λ and of the probability 
ξ of x segregation, for different values of ρ 
(probability of recombination); n = 1,000. 
Apomictic mutants are introduced in an 
amphimictic population with a frequency 
of 0.001. The black line divides the 
parameter spaces in which apomixis 
(“Asex”) and amphimixis (“Sex”) are stable

F I G U R E  4   Changes in LOC, fitness and 
prevalence of apomixis with suppression 
of the first division of inverted meiosis, 
with one crossing over. Labels show the 
number of lethal equivalents λ; Apomictic 
mutants are introduced in an amphimictic 
population with a frequency of 0.001; 
n = 1,000
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4  | DISCUSSION

4.1 | Summary of the results

We have established that amphimixis with inverted meiosis is un-
stable against the invasion of apomictic mutants. Amphimixis with 
the conventional order of segregation (in which sister chromatids 
segregate after homologous chromosomes) instead is stable against 
the invasion of diploid asexual mutants (Archetti, 2004a). Hence, the 
evolutionary mystery (Lenormand et al., 2016) of inverted meiosis 
(why inverted meiosis is so rare in spite of its mechanistic plausibil-
ity?) can be solved by invoking the two-fold cost of meiosis (Lewis, 
1987; Maynard Smith, 1971, 1978) and the complementation argu-
ment (Archetti, 2004a, 2004b, 2010).

In addition, we have shown that the effects of LOC in asexual 
lineages arising by suppression of the second meiotic division in 

conventional meiosis (equivalent to suppression of the first divi-
sion in inverted meiosis) are so deleterious that suppression of the 
second division (the first in inverted meiosis) cannot lead to stable 
meiotic apomixis unless the number of lethal equivalents is ex-
tremely low.

4.2 | Limitations and challenges

The argument presented here assumes at most one crossing over 
event per replication, in line with empirical evidence in species 
with inverted meiosis. The analysis for more than one crossing 
over event, which is not required here but necessary for conven-
tional meiosis, is more complex (Archetti, 2004a) and in the case of 
conventional meiosis a higher rate of recombination makes the ar-
gument even more compelling. Here, instead, lower recombination 
rates make inverted meiosis even more susceptible to invasion by 
apomictic mutants. A higher recombination rate might be a hith-
erto undiscovered feature of other species with inverted meiosis 
and would make LOC for inverted meiosis weaker. However, this 
would be counterbalanced by the opposite effect of segregation 
bias, which appears to be stronger and is likely to be always in fa-
vour of z segregation. Hence, our conclusions seem rather robust 
to the potential (but unlikely) discovery of higher rates of recombi-
nation in inverted meiosis. (It seems a common misconception that 
recombination in asexuals is absent or rare, but this is not the case 
(Archetti, 2010): mutant asexuals arising from an amphimixis have 
functional genes for recombination (Schurko & Logsdon, 2008) 
and arguably the same recombination rates, since pairing of chro-
mosomes occurs, and the only difference with their amphimictic 
progenitors is the suppression of one division.)

The fact that inverted meiosis is found in large taxonomic 
groups such as mites (Wrensch et al., 1994) and true bugs (John, 
1990) presents a challenge to the idea that inverted meiosis inevi-
tably goes extinct. These groups are notable for frequent cases of 
asexual reproduction of likely recent origin and brief persistence 
(Nur, 1979), in ancient clades with most of the members maintain-
ing sexual production (Nur, 1989). It is possible that something 
prevents asexual reproduction from arising in these members or 
that special circumstances protect them from the extinction pre-
dicted by the LOC model. For example, automixis with fusion of 
cleavage nuclei is known in some species of coccids (Nur, 1971) 
derived from haplo-diploid arrhenotokous ancestors; because in 
these species arguably recessive deleterious mutations have been 
eliminated in the haploids, they would be an exception (loss of 
complementation would not lead to a reduction in fitness) com-
patible with the LOC hypothesis.

4.3 | Alternative explanations

Lenormand et al. (2016) mention two alternative possibilities for the 
prevalence of the standard order of meiosis (concluding that there is 

TA B L E  2   Stability of different asexual genetic systems

 

Lethal equivalents (�)

0 0.5 1 2 4 6

Inverted meiosis

Apomixis, S2

ξ = 0.5 20 54 411 1 1 1

ξ = 0.45 20 42 80 108 134 158

ξ = 0.1 20 20 21 21 22 22

Standard meiosis

Apomixis, S2 20 410 1 1 1 1

Apomixis, S1 20 54 411 1 1 1

Apomixis, S1 
(triploid)

20 25 27 30 30 31

Apomixis, S1 
(tetraploid)

20 23 26 30 34 37

Endomitosis 
(nonsister)

20 38 2 1 1 1

Endomitosis 
(random)

20 75 92 94 2 1

Endomitosis 
(random, 
triploid)

20 232 131 117 64 4

Automixis 
(sister)

20 91 4 1 1 1

Automixis 
(random)

20 55 4 4 4 1

Note: Each entry is the number of generations elapsed before 
the extinction (frequency < 0.001, in italics) or the fixation 
(frequency > 0.999, in bold) of asexual reproduction, for a given 
number of lethal equivalents, after asexual mutants are introduced 
with a frequency of 0.001 in a sexual population; 1 crossing over per 
generation. Remarks in parentheses specify, for apomixis: ploidy (S1 
and S2 mean, respectively, suppression of the first and second division); 
for automixis: the type of gamete fusion; for endomitosis: the type of 
chromosome pairing and ploidy. Data for standard meiosis (excluding 
Apomixis S2) are taken from Archetti, 2004a.
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no support for either yet): protection against segregation distorters 
or efficiency of DNA repair.

First, it is possible that inverted meiosis is rare because it is 
more vulnerable to exploitation by segregation distortion by 
meiotic drive or sister killer selfish genetic elements (Haig & 
Grafen, 1991). This is a plausible hypothesis, but it is not possi-
ble to reach a straightforward conclusion, because susceptibility 
to segregation distortion depends on the rates of recombination. 
Susceptibility with inverted meiosis is higher than with standard 
meiosis if there is no recombination, because in this case nonsister 
chromatids segregate together; hence, vulnerable chromosomes 
can coexist for some time with segregation distorters (whereas 
with standard meiosis sister chromosomes are together before 
gametes are formed; see Figure 1); but if there is one crossing over 
event, susceptibility is lower with inverted meiosis, because in 
this case nonsister chromatid parts segregate together less often 
than in standard meiosis. Whether inverted meiosis increases or 
decreases susceptibility to segregation distortion, therefore, de-
pends on the frequency of recombination.

Second, it has been suggested that the standard order of mei-
osis is preferred because it allows double-strand breaks to be re-
paired by sister chromatid exchange in arrested female meiosis 
(Mira, 1998). However, given that recombination and DNA repair 
occur in both types of meiosis, this seems implausible as a general 
explanation.

4.4 | Loss of complementation in asexual 
reproduction

The same argument I presented here, the LOC hypothesis, applies to 
one-step meiosis and other alternative types of asexual reproduction 
(Archetti, 2004a, 2004b, 2010). The results, therefore, reinforce the 
idea that amphimixis is stable, in spite of the two-fold cost of meio-
sis, because loss of heterozygosity in mutant asexuals outweigh the 
two-fold cost. The idea that LOC is the driving evolutionary force of 
sexual reproduction (Archetti, 2004a, 2004b, 2010) has been rela-
tively ignored in discussions on the evolution of sex, even though 
it appears to be the commonly accepted explanation for the rarity 
of certain types of automixis (Archetti, 2010), as already observed 
by Maynard-Smith (1978). Indeed, Maynard-Smith (1978, pages 7–9) 
seems to have had a similar intuition (which he abandoned for rea-
sons discussed elsewhere (Archetti, 2010)) and, in retrospect, the 
LOC hypothesis is the same argument invoked by Darlington to ex-
plain aberrations in plants reproducing by what he named ‘‘subsexual 
reproduction’’ (Darlington, 1932; Darlington & Mather, 1952), which 
were caused by LOC due to recombination in apomixis.

The LOC hypothesis provides the only explanation for a number 
of observations that other theories cannot readily explain (Archetti, 
2010). For example, the LOC argument is effective over a very 
short time-scale: mutant asexuals with substantial LOC disappear 
in few generations or in some cases cannot even invade (Archetti, 
2004a). Therefore, unlike ecological explanations based on the 

population effects of genetic variation, the LOC hypothesis can ad-
dress Williams’ balance argument (Williams, 1975) about the two-
fold cost of meiosis.

Although our knowledge of the distribution of the types of 
asexual reproduction is still incomplete, the apparent, virtual 
nonexistence of certain types of asexual reproduction is another 
argument in favour of the LOC hypothesis (Archetti, 2004a): avail-
able surveys (Suomalainen, 1950; Maynard Smith, 1978; Nogler, 
1984; Suomalainen, Saura, & Lokki, 1987, Asker & Jerling, 1992, 
Kondrashov, 1997, Archetti, 2010) suggest that in meiotic apomixis 
(a meiosis in which one division is suppressed) generally the first 
division, not the second, is suppressed: apomixis with suppression 
of the first meiotic division is widely distributed in animals and 
plants; meiotic apomixis with suppression of the second division, 
instead, is very rare and may not even exist; in automixis (a normal, 
two division, meiosis followed by fusion of nuclei), generally fusion 
occurs between nonsister nuclei (generated by the other second 
division; it is found in ciliates and insects; it is very rare in plants 
and occurs in algae, fungi, bryophytes and pteridophytes); fusion 
of sister nuclei (generated by the same second division) and fusion 
of cleavage nuclei (generated by the same pronuclei) are very rare; 
endomitosis (a normal meiosis preceded by a replication) is also rare 
(it is known in two species of plants, five genera of lizards and a few 
insects); one-step meiosis (a simple division, without duplication) is 
extremely rare and may not even exist. All these observations are 
in line with the predictions of the LOC hypothesis (Archetti, 2010).

5  | CONCLUSION

We have shown that inverted meiosis is unstable against invasion 
by asexual mutants, which do not suffer significant costs due to loss 
of complementation and can therefore drive inverted meiosis to ex-
tinction by virtue of the two-fold cost of meiosis. At the same time, 
we have provided a new argument in favour of the LOC hypothesis: 
the extreme rareness of amphimixis with inverted meiosis coupled 
with the fact that asexual mutants arising from conventional meio-
sis cannot invade a sexual population reproducing by conventional 
meiosis. The model used here could be extended to multiple cross-
ing overs, and further data on the details of reproduction in the few 
species with inverted meiosis, in particular on the frequency of x 
segregation, could support or disprove these conclusions. More in 
general, an analysis of the number of lethal equivalents and recom-
bination rates in species with different types of sexual and asexual 
reproduction could support or disprove the LOC hypothesis for the 
evolution of sex.
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