


Evolu&on	  of	  sex	  chromosomes	  
In	  species	  with	  gene&c	  sex	  determina&on	  
the	  chromosomes	  containing	  the	  sex	  determining	  factors	  
are	  o9en	  heteromorphic:	  
One	  is	  much	  reduced	  in	  
	  func&on	  and	  size.	  
And	  does	  not	  recombine.	  	  

Human	  Y:	  60	  Mbp	  ~80	  genes	  
Human	  X:	  153	  Mbp	  ~2000	  genes	  

Heteromorphic	  sex	  
chromosomes	  have	  evolved	  
independently	  many	  &mes	  



Sex	  determining	  allele	  arises	  (e.g.	  dominant	  male	  determining	  allele)	  
Recombina&on	  between	  sexually	  antagonis&c	  allele	  and	  male-‐determining	  allele	  
have	  lowers	  fitness.	  
Recombina&on	  between	  these	  loci	  suppressed	  by	  inversion	  
	  
	  	  

The	  evolu&on	  of	  sex	  chromosomes	  
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Sexual	  antagonis&c	  alleles	  and	  the	  
evolu&on	  of	  reduced	  recombina&on	  	  
on	  Y	  chromosomes	  

Recessive	  female	  advantageous	  allele	  	  	   	   	  Has	  deleterious	  consequences	  in	  males	  



Sex	  determining	  allele	  arises	  (e.g.	  dominant	  male	  determining	  allele)	  
Recombina&on	  between	  sexually	  antagonis&c	  allele	  and	  male-‐determining	  allele	  have	  lowers	  
fitness.	  
Recombina&on	  between	  these	  loci	  suppressed	  by	  inversion	  
	  
ShuYng	  off	  recombina&on	  now	  means	  that	  this	  sec&on	  of	  Proto-‐Y	  no	  long	  recombines	  (note	  
that	  Proto-‐X	  can	  recombine	  with	  itself	  in	  females)	  
	  
This	  in	  turn	  leads	  to	  degenera&on	  of	  Y	  sex	  chromosome	  genes	  due	  to:	  	  
Muller’s	  Ratchet	  	  
And	  the	  hitchhiking	  of	  deleterious	  	  alleles.	  	  
Accumula&on	  of	  repeats	  and	  transposable	  elements.	  	  
	  
	  
	  	  

The	  evolu&on	  of	  sex	  chromosomes	  
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Ancestral	  gene	  content	  in	  sec&on	  of	  human	  Y	  chromosome	  	  

degenera&on	  of	  Y	  sex	  chromosome	  genes	  due	  to:	  	  
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The evolution of sex chromosomes has taken the same winding 

downhill path many times in the lineages to diverse taxa.
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Y chromosomes and neo-Ys
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What is the population genetic process of Y 

degeneration?

• deleterious mutations and genetic drift?

• Muller’s Ratchet ? 

• background selection?”

• Hill-Roberts Effect?

• adaptively favored mutations -> “hitchhiking”

• what’s a good systems in which to study?

• the X-transposition regions - mini-neo-Y

• the pseudoautosomal regions

• a larger neo-Y - chromosome translocation

• how can these two models be distinguished? 9

D. miranda lives near streams of the Sierra and Coastal 
Ranges.  A close relative of D. pseudoobscura - common 

dark drosophila in the western states. 10

The Drosophila miranda neo-Y

• About 1 MYA one  of the autosomes fused with 

the old Y to produce a neo-Y (and a second X).

• Since the genes on this segment of the genome 

will remain in males (no crossing over) they will 

evolve independently of their homologs on the 

neo-X2.

• Several observations:

• increase rates of divergence, esp. nonsyn.

• accumulation of “deleterious” mutations.

• reduced levels of polymorphism.
11

Drosophila

pseudoobscura
Drosophila miranda

12

Neo-‐sex	  chromosomes	  in	  Drosophila	  
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If	  an	  autosome	  fuses	  to	  the	  Y	  chromosome	  
	  
Then	  one	  copy	  segregates	  with	  the	  Y	  and	  one	  	  
With	  the	  X	  this	  is	  called	  a	  neo-‐sex	  chromosome	  
	  
	  
	  

The	  autosome	  fused	  to	  the	  Y	  	  
does	  not	  experience	  recombina&on	  



A	  neo-‐Y	  chromosome	  region	  
was	  formed	  in	  Drosophila	  
miranda	  1.25	  Myrs	  ago	  
and	  has	  rapidly	  decayed	  
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Majority	  of	  genes	  (open	  reading	  frames,	  ORFs)	  
In	  neo-‐Y	  region	  have	  become	  non-‐func&onal	  

degenera&on	  of	  Y	  sex	  chromosome	  genes	  due	  
to:	  	  
Muller’s	  Ratchet	  	  
And	  the	  hitchhiking	  of	  deleterious	  	  alleles.	  	  
Accumula&on	  of	  repeats	  and	  transposable	  
elements.	  	  



The	  evolu&on	  of	  sex	  chromosomes	  

X	  
Y	  

X	  
Y	  

X	  
Y	  

~2	  million	  years	  old	   ~10	  million	  years	  old	  

~20	  million	  years	  old	  

Corresponding X 

Non-recombining Y (gene poor) 

Convergent	  evolu&on	  and	  different	  ages	  of	  sex	  chromosomes	  

Papaya	   Silene	  

Asparagus	  

Cannabis	  also	  has	  old	  XY	  



The	  evolu&on	  of	  sex	  chromosomes	  
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Our	  own	  X	  and	  Y	  have	  different	  	  
Evolu&onary	  strata	  corresponding	  	  
to	  different	  ages	  that	  recombina&on	  
	  ceased	  between	  X	  and	  Y	  (different	  
Inversions	  &	  transposi&ons)	  	  
	  
Genes	  on	  Y	  in	  these	  different	  strata	  	  
are	  in	  different	  states	  of	  decay.	  

Bergero,	  Charlesworth	  2009	  



•  The	  op&mum	  sex	  ra&o	  for	  a	  popula&on	  would	  
be	  many	  females	  fer&lized	  by	  few	  males.	  

Female	  
Male	  

Why	  a	  50/50	  sex	  ra&o?	  
Even	  in	  species	  where	  sex	  determina&on	  isn’t	  gene&c	  

we	  see	  a	  close	  to	  50/50	  sex	  ra&o.	  

This	  would	  maximize	  the	  fitness	  of	  the	  popula&on	  	  
(growth	  rate)	  and	  lower	  chance	  of	  ex&nc&on.	  



•  If	  the	  current	  sex	  ra&o	  is	  females	  biased.	  	  

As	  a	  result	  individuals	  carrying	  that	  allele	  	  
would	  have	  more	  grandkids.	  Thus	  this	  allele	  would	  ini&ally	  spread.	  	  

A	  new	  allele	  causes	  female	  carriers	  to	  produces	  more	  sons.	  



•  Similarly	  If	  the	  current	  sex	  ra&o	  is	  male	  biased.	  	  

•  Imagine	  a	  new	  allele	  that	  produces	  more	  daughters.	  

•  The	  individuals	  carrying	  that	  allele	  would	  have	  more	  
grandkids.	  Thus	  this	  allele	  would	  ini&ally	  spread.	  	  

	  	  

	  	  



•  Alleles	  that	  move	  the	  sex	  ra&o	  closer	  to	  50/50	  
spread.	  

•  If	  sex	  ra&o	  is	  50/50	  then	  the	  popula&on	  can	  
not	  be	  invaded	  by	  allele	  that	  changes	  the	  sex	  
ra&o*	  

•  This	  argument	  is	  an	  example	  of	  an	  
evolu&onary	  stable	  strategy.	  	  

• -‐If	  males	  and	  females	  are	  equally	  costly	  to	  produce,	  and	  the	  alleles	  
are	  autosomal	  

Why	  a	  50/50	  sex	  ra&o?	  



Selfish	  Gene&c	  Elements:	  
selec&on	  below	  the	  individual	  



Sex	  ra&o	  distorters	  

•  The	  X	  chromosome	  of	  a	  father	  
is	  not	  transmiked	  to	  his	  male	  
offspring.	  	  

•  Therefore	  the	  X	  chromosome	  
in	  males	  can	  benefit	  by	  
evolving	  to	  damage	  sperm	  
carrying	  the	  Y.	  

XY	  

X Y

50 	   	   	  50 	  	  

X*Y	  

X
*	   Y

100 	   	   	  0 	  	  



An	  example	  of	  a	  sex	  ra&o	  distorter	  

Figure 5. Homology Among Dox, Mdox, and Nmy

(A) Schematic of the Winters sex-ratio system. An autosomal suppressor, Nmy, is apparently a new gene created by a 2,041-bp insertion (red) in the gene
CG14370. The insert contains a pair of almost perfect IRs of 345 bp (red arrows, IR’ and IR’’) and they are required for the suppression of Dox. Nmy
originated through a retrotransposition event from Dox, because all of the 2,041 bp consists of paralogous sequence from cDNA of Dox (red line) and
the 59 region upstream of Dox transcription (dashed red line) [24].
(B) A detailed comparison between transcripts of Dox and Nmy. Paralogous sequences are in red. The 59 and 39 ends of Nmy (black line) are from
CG14370. IR’ might have duplicated from IR’’ after the retroposition [24], while some sequences (black between the two small arrow heads) in Dox no
longer have paralogs in Nmy. The 42-bp elements are shown in red and green color, as in Figure 4. The dox allele has lost one of the 42-bp elements in
the transcript. A dsRNA stem is presumably formed between the two IR’s. The critical region marked as ‘‘C’’ is detailed in (C).
(C) The critical region ‘‘C’’ with a base-by-base comparison among Dox, Nmy, and MDox. Identical bases or amino acids are represented by a period, and
deletion by a dash, and divergent bases are in red. This region starts at position 844 (778) of the Dox (MDox) transcript and the beginning of IR’,
respectively. IR’ and IR’’ are identical except for a 6-bp (TAGGGA) deletion in IR’ (cyan). The two tandem 42-bp elements are also shown in red and green,
respectively on the Dox sequence. The amino acids encoded by the ORF in this region are shown in the top (Dox) and bottom lines (MDox), respectively.
These two ORFs have an amino acid identity of 94/107 (88%) and similarity of 100/107 (93%) (underlined).
doi:10.1371/journal.pbio.0050293.g005
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sex-ratio Distorter

A sex-ratio Meiotic Drive System in Drosophila
simulans. II: An X-linked Distorter
Yun Tao1,2*, Luciana Araripe1, Sarah B. Kingan1, Yeyan Ke1, Hailian Xiao2, Daniel L. Hartl1

1 Department of Organismic and Evolutionary Biology, Harvard University, Cambridge, Massachusetts, United States of America, 2 Department of Biology, Emory University,
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The evolution of heteromorphic sex chromosomes creates a genetic condition favoring the invasion of sex-ratiomeiotic
drive elements, resulting in the biased transmission of one sex chromosome over the other, in violation of Mendel’s
first law. The molecular mechanisms of sex-ratio meiotic drive may therefore help us to understand the evolutionary
forces shaping the meiotic behavior of the sex chromosomes. Here we characterize a sex-ratio distorter on the X
chromosome (Dox) in Drosophila simulans by genetic and molecular means. Intriguingly, Dox has very limited coding
capacity. It evolved from another X-linked gene, which also evolved de nova. Through retrotransposition, Dox also
gave rise to an autosomal suppressor, not much yang (Nmy). An RNA interference mechanism seems to be involved in
the suppression of the Dox distorter by the Nmy suppressor. Double mutant males of the genotype dox; nmy are
normal for both sex-ratio and spermatogenesis. We postulate that recurrent bouts of sex-ratio meiotic drive and its
subsequent suppression might underlie several common features observed in the heterogametic sex, including meiotic
sex chromosome inactivation and achiasmy.

Citation: Tao Y, Araripe L, Kingan SB, Ke Y, Xiao H, et al. (2007) A sex-ratio meiotic drive system in Drosophila simulans. II: An X-linked distorter. PLoS Biol 5(11): e293. doi:10.
1371/journal.pbio.0050293

Introduction

Sex chromosomes are believed to evolve from a pair of
autosomes [1–3]. An incipient Y chromosome, like an
autosome, is largely euchromatic and free to recombine,
except for a small region determining sex, as exemplified by
species such as the papaya plant [4] and the medaka and
stickleback fish [5,6]. On an evolutionary time scale, the
nonrecombining region of the Y will generally expand to
include most or all of the chromosome, accompanied by an
accumulation of transposable elements and other repetitive
sequence, as well as mutational inactivation of most of the
protein-coding genes. Only a small number of genes remain
active in a mature Y chromosome, such as that in humans or
Drosophila. Some Y-linked genes are vestiges of the degener-
ation process, while others have originated from autosomes as
a result of recruiting male-specific genes such as those that
function in spermatogenesis [7–10]. Accompanying the
evolution of sex chromosomes, at least two problems of
biological significance arise. One problem is the unequal gene
dosage of sex-linked genes between the XY sex and the XX
sex. Because of Y degeneration, most genes on the X have
only one active copy in the XY sex but two in the XX sex.
Myriad strategies to compensate the dosage inequality have
been exploited by various species, and some of these
mechanisms are now understood in molecular detail in
model organisms of fly, worm, and mouse [11].

Another substantial but less obvious problem consists of
genetic conflicts over the sex ratio among various parts of a
genome, which would allow optimal transmission of their own
genes. A corollary to sexual reproduction is Fisher’s well-
known principle that the sex ratio must be equal for a
panmictic population of dioecious species [12]. However, as
noted long ago, Fisher’s principle applies only to autosomal
genes but not to sex-linked genes. Genes linked to one or the
other sex chromosome would have a selective advantage were

the sex ratio in the population skewed [13]. Because of the
genetic isolation between the sex chromosomes, mutations
biasing the sex ratio can easily accumulate and enhance each
other as long as their deleterious effects are offset by their
biased transmission. Thus, the evolution of sex chromosomes
leads to an intrinsic conflict among the X, the Y, and the
autosomes with regard to sex ratio.
Many cases of sex ratio distortion (sex-ratio hereafter) have

been documented, particularly in taxa where intensive
laboratory investigation is possible [14]. Because of the biased
sex ratio, suppressors unlinked to a distorter are strongly
selected to restore the Fisherian sex ratio [15]. The
occurrence of sex-ratio in a population can often be transient
and easily escape notice. However, recurrent bouts of sex-ratio
invasion and suppression can modify the genetic architecture
of gametogenesis to such an extent that hybrid incompati-
bility can be driven to evolve among isolated populations. In
other words, genetic conflicts can be a key mechanism for
speciation [16–18].
Several cases of sex-ratio have been reported in D. simulans

[19–23]. In a companion paper, we reported the cloning of an
autosomal sex-ratio suppressor [24]. As Fisher’s principle
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Winters	  sex	  ra&o	  distorter	  



Sex	  ra&o	  distorters	  

•  Subsequently	  suppressors	  of	  
distor&on	  can	  arise	  and	  spread	  
restoring	  sex	  ra&o	  to	  50/50.	  

•  These	  occur	  on	  the:	  
•  Other	  sex	  chromosome	  (e.g.	  Y)	  
•  Autosomes	  
•  Systems	  of	  drivers	  and	  
suppressors	  are	  frequently	  
uncovered	  in	  crosses	  between	  
species	  

X*Y	  
A*A*	  
	  

X Y

50 	   	   	  50 	  	  

X*Y	  

X
*	   Y

100 	   	   	  0 	  	  
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Figure 5. Homology Among Dox, Mdox, and Nmy

(A) Schematic of the Winters sex-ratio system. An autosomal suppressor, Nmy, is apparently a new gene created by a 2,041-bp insertion (red) in the gene
CG14370. The insert contains a pair of almost perfect IRs of 345 bp (red arrows, IR’ and IR’’) and they are required for the suppression of Dox. Nmy
originated through a retrotransposition event from Dox, because all of the 2,041 bp consists of paralogous sequence from cDNA of Dox (red line) and
the 59 region upstream of Dox transcription (dashed red line) [24].
(B) A detailed comparison between transcripts of Dox and Nmy. Paralogous sequences are in red. The 59 and 39 ends of Nmy (black line) are from
CG14370. IR’ might have duplicated from IR’’ after the retroposition [24], while some sequences (black between the two small arrow heads) in Dox no
longer have paralogs in Nmy. The 42-bp elements are shown in red and green color, as in Figure 4. The dox allele has lost one of the 42-bp elements in
the transcript. A dsRNA stem is presumably formed between the two IR’s. The critical region marked as ‘‘C’’ is detailed in (C).
(C) The critical region ‘‘C’’ with a base-by-base comparison among Dox, Nmy, and MDox. Identical bases or amino acids are represented by a period, and
deletion by a dash, and divergent bases are in red. This region starts at position 844 (778) of the Dox (MDox) transcript and the beginning of IR’,
respectively. IR’ and IR’’ are identical except for a 6-bp (TAGGGA) deletion in IR’ (cyan). The two tandem 42-bp elements are also shown in red and green,
respectively on the Dox sequence. The amino acids encoded by the ORF in this region are shown in the top (Dox) and bottom lines (MDox), respectively.
These two ORFs have an amino acid identity of 94/107 (88%) and similarity of 100/107 (93%) (underlined).
doi:10.1371/journal.pbio.0050293.g005
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A sex-ratio Meiotic Drive System in Drosophila
simulans. I: An Autosomal Suppressor
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Sex ratio distortion (sex-ratio for short) has been reported in numerous species such as Drosophila, where distortion
can readily be detected in experimental crosses, but the molecular mechanisms remain elusive. Here we characterize
an autosomal sex-ratio suppressor from D. simulans that we designate as not much yang (nmy, polytene chromosome
position 87F3). Nmy suppresses an X-linked sex-ratio distorter, contains a pair of near-perfect inverted repeats of 345
bp, and evidently originated through retrotransposition from the distorter itself. The suppression is likely mediated by
sequence homology between the suppressor and distorter. The strength of sex-ratio is greatly enhanced by lower
temperature. This temperature sensitivity was used to assign the sex-ratio etiology to the maturation process of the Y-
bearing sperm, a hypothesis corroborated by both light microscope observations and ultrastructural studies. It has
long been suggested that an X-linked sex-ratio distorter can evolve by exploiting loopholes in the meiotic machinery
for its own transmission advantage, which may be offset by other changes in the genome that control the selfish
distorter. Data obtained in this study help to understand this evolutionary mechanism in molecular detail and provide
insight regarding its evolutionary impact on genomic architecture and speciation.
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Introduction

As a rule, most dioecious species produce equal numbers of
male and female progeny because the rarer sex has a mating
advantage. R. A. Fisher in 1930, as well as Carl Düsing in 1884
before him, framed arguments based on parental expenditure
that mandates an equilibrium sex ratio of 50% female [1,2].
This so-called Fisher’s principle is based on the premise that
genes have maximum representation in future generations
only if they are equally transmitted through both sexes [3].
However, sex ratios in nature sometimes show marked
departures from 50%, and there are many ecological and
genetic situations where the assumptions of Fisher’s principle
do not hold [4,5]. One prominent example is related to sex-
linked genes of the heterogametic sex. Because of their
unisexual transmission, mutations that distort their meiotic
transmission—thus the sex ratio—in their own favor can gain
selective advantage [6]. This type of sex ratio meiotic drive,
also called sex-ratio, conflicts with selection for equal trans-
mission of autosomal genes and thus represents a typical
intragenomic conflict among genes when their transmission
optima are not congruent.

A sex-ratio distorter can invade a population as long as its
deleterious effects on viability and fertility are offset by the
biased segregation [7]. Invasion by a sex-ratio distorter creates
a genetic context promoting strong selection for sex-linked
or autosomal suppressors that ameliorate the segregation
distortion and/or its deleterious pleiotropic effects [8]. This
type of recurrent intragenomic conflict generates a dynamic
of genetic ‘‘attack’’ and ‘‘defense,’’ even in the absence of any
external abiotic or biotic challenges [4,9,10]. As a result,
genetic conflicts over sex ratio may be a key factor in driving
the evolution of gametogenesis in the heterogametic sex,
thereby leading to the nearly ubiquitous pattern of Haldane’s
rule observed in speciation [11–13]. Because the evolution of

genetic suppression would make sex-ratio transient on an
evolutionary time scale, the uncovering of suppressed sex-ratio
mutations requires sophisticated crossing schemes, often
between individuals from different populations or incipient
species. Perhaps it is because Drosophila geneticists have often
studied matings of this type that most of the known examples
of sex-ratio are found in Drosophila [6], and new cases continue
to be reported regularly [14–16].
At least three independent sex-ratio meiotic drive systems

have been uncovered in the species D. simulans [15,17–20]. To
facilitate discussion, we will assign each sex-ratio system a
different name according to the location where the original
stocks were collected or the research was carried out. In the
most thoroughly analyzed case, which we will refer to as the
Paris sex-ratio, at least two X-linked distorters have been
mapped, and they are currently being characterized at the
molecular level [19,21,22]. The Paris sex-ratio (SR) appears to
have originated relatively recently, and evolutionary signa-
tures of a recent selective sweep are evident [23]. Multiple
suppressors on the autosomes and the Y chromosome have
been reported [19,21,24]. Both the distorters and the
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The evolution of heteromorphic sex chromosomes creates a genetic condition favoring the invasion of sex-ratiomeiotic
drive elements, resulting in the biased transmission of one sex chromosome over the other, in violation of Mendel’s
first law. The molecular mechanisms of sex-ratio meiotic drive may therefore help us to understand the evolutionary
forces shaping the meiotic behavior of the sex chromosomes. Here we characterize a sex-ratio distorter on the X
chromosome (Dox) in Drosophila simulans by genetic and molecular means. Intriguingly, Dox has very limited coding
capacity. It evolved from another X-linked gene, which also evolved de nova. Through retrotransposition, Dox also
gave rise to an autosomal suppressor, not much yang (Nmy). An RNA interference mechanism seems to be involved in
the suppression of the Dox distorter by the Nmy suppressor. Double mutant males of the genotype dox; nmy are
normal for both sex-ratio and spermatogenesis. We postulate that recurrent bouts of sex-ratio meiotic drive and its
subsequent suppression might underlie several common features observed in the heterogametic sex, including meiotic
sex chromosome inactivation and achiasmy.
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Introduction

Sex chromosomes are believed to evolve from a pair of
autosomes [1–3]. An incipient Y chromosome, like an
autosome, is largely euchromatic and free to recombine,
except for a small region determining sex, as exemplified by
species such as the papaya plant [4] and the medaka and
stickleback fish [5,6]. On an evolutionary time scale, the
nonrecombining region of the Y will generally expand to
include most or all of the chromosome, accompanied by an
accumulation of transposable elements and other repetitive
sequence, as well as mutational inactivation of most of the
protein-coding genes. Only a small number of genes remain
active in a mature Y chromosome, such as that in humans or
Drosophila. Some Y-linked genes are vestiges of the degener-
ation process, while others have originated from autosomes as
a result of recruiting male-specific genes such as those that
function in spermatogenesis [7–10]. Accompanying the
evolution of sex chromosomes, at least two problems of
biological significance arise. One problem is the unequal gene
dosage of sex-linked genes between the XY sex and the XX
sex. Because of Y degeneration, most genes on the X have
only one active copy in the XY sex but two in the XX sex.
Myriad strategies to compensate the dosage inequality have
been exploited by various species, and some of these
mechanisms are now understood in molecular detail in
model organisms of fly, worm, and mouse [11].

Another substantial but less obvious problem consists of
genetic conflicts over the sex ratio among various parts of a
genome, which would allow optimal transmission of their own
genes. A corollary to sexual reproduction is Fisher’s well-
known principle that the sex ratio must be equal for a
panmictic population of dioecious species [12]. However, as
noted long ago, Fisher’s principle applies only to autosomal
genes but not to sex-linked genes. Genes linked to one or the
other sex chromosome would have a selective advantage were

the sex ratio in the population skewed [13]. Because of the
genetic isolation between the sex chromosomes, mutations
biasing the sex ratio can easily accumulate and enhance each
other as long as their deleterious effects are offset by their
biased transmission. Thus, the evolution of sex chromosomes
leads to an intrinsic conflict among the X, the Y, and the
autosomes with regard to sex ratio.
Many cases of sex ratio distortion (sex-ratio hereafter) have

been documented, particularly in taxa where intensive
laboratory investigation is possible [14]. Because of the biased
sex ratio, suppressors unlinked to a distorter are strongly
selected to restore the Fisherian sex ratio [15]. The
occurrence of sex-ratio in a population can often be transient
and easily escape notice. However, recurrent bouts of sex-ratio
invasion and suppression can modify the genetic architecture
of gametogenesis to such an extent that hybrid incompati-
bility can be driven to evolve among isolated populations. In
other words, genetic conflicts can be a key mechanism for
speciation [16–18].
Several cases of sex-ratio have been reported in D. simulans

[19–23]. In a companion paper, we reported the cloning of an
autosomal sex-ratio suppressor [24]. As Fisher’s principle
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Segrega&on-‐distorter	  allele	  balanced	  	  
At	  5%	  in	  D.	  melanogaster	  
	  
	  
.	  	  
	  
	  
	  
	  
	  
	  

\hldtype (+/+) SD/+

q{,.

tr-

ZC

e-

\-

5.

il.

).

L

s-

5

_(-

o

)r
:-

=
15

n

l-

o

t.

q
S

lt

1\

e

t-

t
r

a

i-

S

plate 1. The effect of SD in Drosophila.Electron micrographs of developing spermatids'

Notethewildtpe(/ef)shows54well-condensednuclei,whiletheSDmale(right)shows

31 normal looking nuclei bearing sD and 10 poorly condensed nuclei carrying the

wildtype chromosome (enclosed in dotted line; the missing ones have farled at an ear-

lier stage of spermatogenesis). Bar, 1pm' From Tokuyasu et al' (1977) and Crow (1979)'

plate 2. The effect of a spore klller in Neurospora. The rosette is derived from a cross of

spore killer and wildtype strains. Mature asci would nofmally contain 8 viable black

haploid spores, products of a single meiosis (followed by mitosis); here they have only 4

.r.h ,por.r, along with 4 ttny clear aborted spores' The viable spores all carry the Spore

killer-1 allele.The asci not showing the pattern are still immature. From Raiu (1980)'
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Autosomal	  killer	  system:	  Segrega&on	  distor&on	  	  
in	  D.	  melanogaster	  
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