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Evolution of Sex –  9. Sexual Conflicts
Male Chacma baboon attacking a female,  photo: Alecia Carter

Scales at which we find sexual conflict
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Your body is between 1 and 2 meters tall, scale down 1000 times and you are in the realm of mm, thickness of 
the brain cortex, tissues and large blood vessels; 1000 times smaller, in the realm of micrometers (um), we find 
cells such as sperm (45 um long) and egg (100um diameter). Dive down 1000 times smaller and you are in the 
nanometer (nm) range, molecules like DNA are 2nm thick and a single molecule of glucose is roughly one nm 
large. I  the other directions scale up 1000 times from human body sixe and you are in there realm of kilometers 
(km), the size of territories of primate social groups or villages; 1000 times larger and you are looking at 
continents and distances between distinct human language groups and cultures.


Practice Question: How many times smaller is the diameter of DNA than our 
bodies? 
1 divided by 1000= 1mm divided by 1000 = 1micrometer divided by 1000 =1 
nm, i.e. one billion times smaller.

Conflicts among societies

Hindhu Tantrix Sex statues 
Kajuraho Temple in Madhya Pradesh,  India

islamic aniconism: 
proscription in Islam against the creation of images of 
sentient beings 

Imam Mosque Isfahan, Iran

Societal, cultural and religious norms with regards to depiction of nudity and or 
sex can vary widely and lead to conflict.



Conflicts among societies
Family Planning as a form of imperialism?

Application of family planning, contraception and pregnancy termination are 
hotly debated issues with strong conflicts between the developed, industrialized, 
rich world, and many developing countries that resent having the fertility of their 
populations scrutinized and criticized. 
Practice question: How does advocacy for family planning conflict with 
traditional values? 
Most traditional societies worship fertility.

Conflicts among societies
Same Sex marriage recognition as Western imperialism?

Homosexuality, bisexuality or transsexuality are still punishable offenses in many societies. 
there are international conflicts involving not just rich and poorer nations but including 
western and former eastern block nations (Russia, Poland etc..). Representatives for LGBT 
rights from western countries that have very recently begun to increase their tolerance are in 
a precarious position when making the case for tolerance in other societies.

Conflicts among societies
Homophobia is profoundly engrained even among politicians that otherwise 
stand out by their social and moral virtues e.g. John Pombe Magufuli of 
Tanzania.



Pre-state versus post state

Women as source of threat to male solidarity? 
Wife can cuckold, wife of other can seduce…resulting in lowered 
male solidarity and increased male-male conflict. 

David Buss

Using Male female double standards to blame male-male conflicts on female 
sexuality….

Conflicts between mates
https://www.futurity.org/cuttlefish-mating-aggression-1418062-2/ 

Countless animal species have spectacular and often costly fights between 
males for access to females.

Conflicts between mates
Societies around the world are facing daily news coverage of famous men being 
accused of having abused their status and power for sexually harassing women. 
The harassment is certainly not new, what appears new is the open discussion 
and sometimes consequences for the abusing males.



Conflicts between mates

sex ratio and conflict?

The millions of missing girls are causing some societies to have a huge excess 
of males. This is likely to promote male-male conflict over access to females.

Viviparity

Tsetse fly

Aphid

Salamander Shark Mangrove

Giving birth to live young, rather than eggs is called viviparity. 
It creates a whole range of potential conflicts between mothers and their 
offspring. 
Genes from the father might cause the offspring to take more than mothers are 
willing to share. 
Practice question: How does viviparity potentially increase parent offspring 
conflict? 
Gestation means that the offspring can take more the mother than she is willing 
to give.

Ovoparity
Eggs are sacs for embryos filled with fluid and nutrients. 
Which came first, the chicken or the egg? 
The egg, dinosaurs laid eggs long before the fist chicken evolved….



Parent-Offspring Conflict

Offspring asking for more than parent is willing to give -> 
conflict over parental investment. 

Mother allocates resources over her lifetime. 
Each fetus attempts to get maximum out of its mother. 
Antagonistic coevolution 
Cooperative interactions tangled with conflict.  
Potential immunological conflicts.

Hemochorial Placentation

Lavialle C, Cornelis G, Dupressoir A, Esnault C, Heidmann O, Vernochet C, Heidmann T. 2013 
Paleovirology of ‘syncytins’, retroviral env genes exapted for a role in placentation. Phil Trans R Soc B 

Hemochorial placentation, where fetal placental (trophoblast) tissue is in direct 
contact with maternal blood, evolved multiple times by convergent/parallel 
evolution. 
Practice question: What is hemochorial placentation? 
A type of placenta where the placental tissue is in direct contact with maternal 
blood. 

Hemochorial Placentation Fetal cells of the placenta reach out after implantation and remodel the spiral arteries in the uterus of the 
mother. The uterine lining (endometrium) becomes a site of major exchange of nutrients between the 
mother’s blood and the villi of the trophoblast. From the villi, the nutrients enter the blood supply of the 
feet and are transported along the umbilical chord to the baby. Fetal cells “invasive cytotrophoblasts” 
invade the tissue of the mother and “sweet talk” the mother’s immune system. 
Practice question: How can a human fetus increase maternal blood supply towards its placenta? 
Placental cells migrate into the maternal spiral arteries and remodel their opening into wider opening, 
causing more blood to flow towards the placenta.



Placentation and Domesticated Retroviruses

Syncitin 1 and 2 are captive 
viruses: 

cell fusion: syncytium 
and immune suppression by 

viral glycoprotein

Syncytium (cells with multiple nuclei, as these did not form new cell membranes when dividing) is 
a hallmark of vial infection. Human placentas have an outer most layer covering all the villi that are 
in direct contact with maternal blood with syncytial, this is called a hemochorial placenta. 
Practice question: How did human domesticate an ancient virus to make a better placenta? 
Human fetuses express viral genes to cause the cells of the outer layer of the placenta to fuse 
(syncytiotrophoblast).

Recurrent capture of viral proteins

Mammals repeatedly 
captured viral genes to 
make better placentas

Proc Natl Acad Sci U S A. 2015 Feb 3; 112(5): 

Phylogeny of mammals and previously identified syncytin genes. Mammals comprise the monotremes, the 
marsupials, and the eutherians, the latter comprising the four major clades: Afrotheria (I), Xenarthra (II), 
Euarchontoglires (III), and Laurasiatheria (IV) (data from ref. 1). Branch length is proportional to time (in My), and 
the time of insertion of the different syncytins identified to date is indicated with arrowheads.Proc Natl Acad Sci 
U S A. 2015. 
Practice question: Have any other mammal species captures viral genes to improve their 
placenta? 
Yes, several other lineage including rodents and rabbits have done so.

Tug-of-war between (reproductive interests of) mammalian parents

Erasure and reprogramming 
of epigentic marks 

 on the genome during 
spermato- and oogenesis

Parental Conflict 
Moore & Haig 1991

learn.genetics.utah.edu 

The DNA in the genome of eggs and sperm is specially tagged by methylation. This “annotates” the DNA 
instructions by the father or mother, often with opposite effects on the expression of the same gene. 
This is called “Sex-specific imprinting” and mediates male or female-specific opposing  interests during fetal 
development ad later development. 
Practice question: How is sexual conflict mediated at the level of genomes? 
Through sex-specific imprinting, whereby DNA is methylated to shut down certain 
genes.



Erasure and reprogramming of epigentic marks

Fan Guo* et al. The Transcriptome and DNA Methylome Landscapes of Human Primordial Germ Cells. Cell 161, 1437–1452. (2015)

DNA methylation dynamics of human sperm, oocyte, blastocysts, post-implantation embryos, primordial germ cells and 
gonadal somatic cells. 
DNA methylation is one of the most important epigenetic modifications which is vital for embryonic development, stem cell 
differentiation, cancer and other biological processes. It is heritable without changing the DNA sequences, and can be affected 
by the external environments. During the past decades, researchers have used mice as one of the model organisms to study 
the complex regulatory networks between gene transcription and DNA methylation, and have understood the development 
and epigenetic reprogramming of mouse PGCs well. Two waves of DNA methylation erasure and re-establishment are known 
during mouse embryonic development: a first wave of global demethylation during preimplantation embryo and a more 
dramatic demethylation process during PGC development in which germline-specific genes and imprinted genes are 
thoroughly demethylated. However, the mechanistic understanding of gene expression pattern and epigenetic reprogramming 
in the human PGCs is still largely unknown due to the limited materials available for analysis.

(5mCG) 
5-methylcytosine-guanine 

(5mCH) 
5-methylcytosine-(A, T or C)

Erasure and reprogramming of epigentic marks

Vogel Ciernia A, LaSalle J. The landscape of DNA methylation amid a perfect storm of autism aetiologies. Nat Rev Neurosci. 2016

DNA methylation landscape across development. DNA methylation for 5-methylcytosine-guanine (5mCG) and 5-
methylcytosine-(A, T or C) (5mCH) is shown on separate scales across human development. 5mCG levels in mature germ cells 
(sperm and oocyte) decrease after fertilization (zygote) and continue to decline in the inner cell mass (ICM) until implantation, 
when they rise rapidly. Primordial germ cells (PGCs) in the developing fetus then undergo a second global demethylation and 
subsequent re‑methylation during maturation. Somatic cells, including brain cells, gradually gain 5mCG during the remainder 
of fetal and postnatal development. 5mCH levels are detectable in the oocyte (but not sperm), decline post-fertilization and 
return during subsequent PGC development. In the brain, 5mCH is detectable in glia and occurs at relatively high levels in 
neurons compared with other cell types. 5mCH levels in neurons rise after birth, peak in early childhood and are maintained 
into adulthood. 

Experimental manipulation of paternal or maternal 
imprinting: pronuclear transplantation

Howlett SK, Reik W, Barton SC, Norris ML, Surani MA. Genomic imprinting in the mouse. Dev Biol (1985). 1989;6:59-77.

Embryos with only maternal genomes or only paternal genomes show striking 
differences in malformation: almost no placenta if mom’s DNA calls all the shots, almost 
no embryo but a whopping placenta (trophoblast TB) is dad calls all the shots.



in utero parental conflicts: genomic imprinting

Hore et al  2015 Trends in Genetics 2007

Reproductive strategy and imprinting status differs between various vertebrate groups. The 
evolution of lactation, viviparity and complex placentation can be dated against a phylogeny 
(asterisks, left) and correlates with changes in the nature of genomic imprinting and X-
chromosome inactivation (right). X-chromosome inactivation is related  to imprinting. 
Practice question: What is a potential reason why mammals cannot reproduce asexually? 
Genomic imprinting has evolved in mammals to mediate potential conflicts between paternal and 
maternal genomes, asexual reproduction would lead to an imbalance of sex-specific imprinting.

Imprinted gene expression in two social tissues:

About 100 sexually imprinted genes are known 
(possibly many more) 
Primary site of imprinted-gene expression is the (social) 
placenta, which mediates the transfer of resources 
between mother and child. 
Small deviations in placental function can benefit the 
child, or the mother.                      
Large deviations are costly to both. 
The second-most important site of imprinted gene 
expression is the (social) brain.

The Umbilical Cord & the 5½- Week Embryo.
LifeARTCopyright © 2002 Lippincott, 
Williams & Wilkins.

Photo: Flickr user Allan Ajifo, CC BY 2.0

Which two social organs stand out by having a large number of sexually imprinted genes 
expressed? 
The brain and the placenta.

“Histone Code” & Epigenetics

Science Open

Histone deacetylase in royal jelly
Spannhof et al. EMBO Reports 2011

Not only DNA can be annotated chemically by methylation, but the “spools” o histone around 
which DNA is tightly spooled, can also be tagged by methylation and several other chill tags. This 
adds a couple of additional dimensions to the expression regulation of the genome (epigenetics). 
One of the best examples of epigenetic effects are queen bees. These fertile females develop from 
eggs identical to those giving rise to all the infertile female worker bees. The diet fed to the 
developing bee larva changes the epigenetic tags and with it the fate of the bee from worker to 
queen.



Hydatidiform Mole
Stale human eggs fertilized by one sperm that then doubles its DNA, or by two sperm 
that accidentally kick-start development often become invasive, cancer like masses 
known as hydatidiform moles. Molar pregnancies are very dangerous to the mothers 
and often require surgical intervention. These rare phenomena illustrate the potential 
danger of fetal ”pushiness”. 
Practice question: What can happen if an embryo with two copies of the sperm genome 
(and no maternal genome) starts developing? 
A (hydatidiform) mole forms, no fetus, just a highly invasive placenta-like tissue.

Springer and Gagneux, submitted

Glycan Polymorphisms: ABO histo-blood groups ABO blood groups were the first human molecular polymorphism discovered. Almost all 
human populations have individuals that have A, B, O or AB blood groups. There are 
some rarer variants that  include Bombay blood groups where individuals make 
antibodies against O type blood. 
Practice question: Which was the first molecular polymorphism described in humans? 
The ABO blood group system.

Glycan Polymorphisms: ABO histo-blood groups

Springer and Gagneux 2015 J. Proteomics

ABO (Gal/GalNac Transferase): 
polymorphic loss-of-function

Fucosyl Transferase II: 
polymorphic loss-of-function

Polymorphism are genetic variant listing in populations at above a minimal threshold.  
In the case of ABO, all primates seem to have maintained such variation over millions of years.  Several 
important viruses seem to contribute to the maintenance fo such polymorphism, e.g the normiaruses 
(infamous from cruise ships) that cause dangerous diarrhea. 
Practice question: What is the class of biomolecules that define the ABO blood groups (not the antibodies, but 
the antigens that are recognized by the antibodies specific to blood group antigens)?. 
Glycans (oligosaccharides).



Victim of parental glycan mismatch

1956, Obstetrics and Gynecology

In rare cases, maternal antibodies against A or B bloom groups in mother who are O 
type can cross the placenta and cause destruction of red blood cells in the baby. This 
happened to Pascal back in 1963. Two blood transfusions saved his life and prevented 
brain damage (at least some)…

Conflicts within the Genome: Meiotic Drive

When genes cheat Mendel…..

Mendel formulated a law of inheritance by which heredity is a random process: 
genetic variants get shuffled and passed on to the next generation randomly and 
with no apparent bias in probability off being based on.

Conflicts within the Genome: Meiotic Drive

When genes cheat Mendel…..

Geneticists working with mice and many other model animals have observed this not to be the 
case all the time. Genetic elements know as segregation distorters, or drivers, can find ways of 
being overrepresented in the next generation. The tailless haplotype is a famous example in mice 
Practice question: What is meiotic drive? 
The phenomenon whereby a gene or piece of DNA ends up being overrepresented in the pool of 
gametes (present at higher frequency than predicted by Mendel’s rules).



Conflicts within the Genome: Meiotic Drive

Ottolini et al. Nature Genetics 2015

Geneticists have long observed that there seems to be higher levels of recombination in 
females. This observation was finally explained as the result of non-random chance of 
recombined chromosomes making it into the egg, as opposed of being discarded into 
the polar bodies, during the asymmetrical meiosis that produces a single ovum. 
Chromosomes that were recombined are more likely to end up in the egg than 
those that have not been recombined: a form of meiotic drive.

Conflicts within the Genome: Meiotic Drive

Ottolini et al. Nature Genetics 2015

This was found to be the case for all 23 chromosomes. researchers were able to 
use excess  human eggs fertilized by Introcytoplasmic sperm injection (ICSI). 
Practice question: How can recombination rate be higher in females than 
males? 
Eggs are more likely to exclude non-recombined chromosomes.

Transposons: “Jumping Genes”

More than half of our genome! 
These types of DNA elements come: 
 in different sizes 
with different capacities to copy and paste themselves

MOBILE DNA: A false-color 
transmission electron micrograph of a 
transposon, a segment of DNA that 
can move around chromosomes and 
genomes 
© PROFESSOR STANLEY N. COHEN/
SCIENCE SOURCE 

Practice question: What are jumping genes? 
elements of DNA that make extra copies of themselves and paste these back 
into the genome.



Transposon discovered in Maize in the 1950s

Biologist  
Barbara Mc Clintock

seed color genetics,  
maize chromosomes

When McClintock first reported her findings in the 1960s, most people believed that this 
was something unique to corn. But later, as transposable elements were discovered in 
E. coli, yeast, and higher organisms, it became apparent that she had been the first to 
describe a phenomenon that was far more universal, suggesting that genomes were far 
more dynamic than first supposed. In 1983, she was awarded the Nobel Prize in 
Physiology or Medicine for her early work on corn transposons.

Transposons: Jumping Genes Top row: Wild type pigmented kernel. Second row: Ds is inserted into pigment gene (C) 
permanently, disabling it. By itself, it can't move. It's stuck. Ds is a non-autonomous element. 
Third row: Ds and Ac both present, Ds can now excise from the C gene in some cells (i.e., it can 
transpose) during development, creating developmental fields that can produce pigment. This is 
because Ac has provided the elements needed for Ds to transpose. 
Fourth row: Ac is inserted into pigment gene, but not permanently, as it can provide the elements 
that allow its removal from the gene. Ac is an autonomous element. And the kicker: Rarely, an Ac 
type was sometimes found to transform into the Ds type, apparently because the Ac element 
spontaneously turned into a Ds element. (This could mean that Ds is simply a mutant version of 
Ac that has lost the ability to encode the elements that allow it to jump around.) 

Retrotransposon

RNA

DNA

DNA
DNA

Retrotransposons: transposable elements that go from DNA to RNA and back 
again, they encode their own reverse transcriptase enzyme. 
These make up the bulk of TE in the human genome.



Junk DNA or Deeper Genome???

1.5 -2 % protein coding DNA 
20% intron DNA 
~50% Transposon DNA!!!

Two recent books discussing the possible functions of “junk DNA”

Conflicts in the Genome
Note how the estimate of coding DNA range between 1.5 and 2.5 %! 
Take home message is that your genomes are choke full of “selfish DNA elements” that reproduce 
usually at the cost of the genome….yet another conflict 
Practice question: What fraction of your genome consists of transposable elements (jumping 
genes)? 
About 45%.

Alu elements in primates

Karyotype from a female human lymphocyte (46, XX). Chromosomes were 
hybridized with a probe for Alu elements (green) and counterstained with 
TOPRO-3 (red). Alu elements were used as a marker for chromosomes 
and chromosome bands rich in genes.

Alu elements are named after Arthrobacter luteus bacteria. An enzyme from this bacteria cuts 
DNA at a sequence carried by all these million of copies of a ~ 300 basepair element. 
Practice question: 
Why would a bacterial enzyme that recognizes a certain DNA sequence be able to cut the 
genome of primates into thousands of chunks? 
If the recognized sequence is identical to  sequence of an All element, the enzyme would cut DNA 
wherever one of these thousands of transposons are across the genome.



Ancient DNA
Ancient DNA requires modern molecular techniques and bioinformatic methods to sift out the 
ancient DNA from all the microbial DNA in such samples.

Stringer, 2012, Nature

Archaic admixture Modern humans seem to have inherited small amounts of DNA from other hominid species. 
A phenomenon called archaic introgression. 

Veeramah & Hammer, NATURE Reviews Genetics, 2014

Conflicts between genomes? A possible model of archaic introgression based on the latest analysis using second-generation sequencing. 
Red arrows indicate initial colonization events across the Old World after the origination of anatomically 
modern humans (AMHs) in Africa, including two movements into Asia. Approximate positions of introgression 
events are represented by coloured circles and are not intended to be accurate. This model portrays the 
hypothesis that portions of the Denisovan genome entered the human gene pool through hybridization with 
more widespread populations of archaic hominins (such as Homo erectus), which also interbred with the 
Denisovan population. Models that involve interbreeding directly between Denisovans and AMHs can be found 
in REF. 46. The black arrow shows a more recent expansion of Asian farming populations (that is, <10,000 
years ago) that did not carry introgressed Denisovan alleles and that replaced much of the indigenous resident 
population up to Wallace’s phenotypic boundary (shown by the dashed line), which lies just east of Wallace’s 
biogeographical line154. This hypothesis may explain the lack of evidence for Denisovan introgression outside 
islands in Southeast Asia and Oceania. 



Sankararaman et al. 2016 Current Biology

“Deserts” of Archaic admixture

FoxP2 
region

Many gene-rich areas contain zero

admixture signal

Selection against incompatibility?


About 40% of the 
total Neanderthal 
genome persists!

Deserts

Distribution of Denisovan and Neanderthal DNA across the human chromosomes: The 
remaining archaic hominin DNA are concentrated in “gene deserts” areas with relatively 
few protein coding sequences and away from other know functional elements in the 
genome. This would indicate that there could have bee selection to purge such 
introgressed DNA. After .5 million years of independent evolution, one can safely expect 
that some of the Nenaderthal/Denisovan genes, might have evolved too much to still 
“harmoniously” function with modern human genes.

Hybridization

Papio anubis Papio hamadryasPapio anubis X hamadryas

Cercopithecus mitis Cercopithecus mitis x ascanius Cercopithecus ascanius

TigonLiger

Hybrids happen, they can suffer from inferitlity and lower fitness due to conflicts between parental 
genomes. 
Haldane’s rule: infertile hybrid: heteroganetic sex XY (males) in mammals WZ (females) in birds. 
Ligers (lion father X tiger mother hybrids) are much larger than Tigons (tiger father X lion mother) 
offspring due to a mismatch in imprinting. Lion males sire offspring from many more females and 
thus imprint genes to be over demanding and unmatched by female tiger imprinting. 
Practice question: Why are Ligers larger than tigons? 
Lion males imprint genes to cause excessive growth in the hybrid offspring/ mismatch between 
lion and tiger imprinting.

Hybridization Bonozee hybrid in France (on the left!), bonobo father and chimpanzee mother. 



Pan troglodytes troglodytes

Pan troglodytes verus 
(19 mtDNAs)

Pongo abelii

Pan troglodytes troglodytes

Pan troglodytes troglodytes

Pan troglodytes troglodytes

Pan troglodytes troglodytes 
(23 mtDNAs)

Pan troglodytes schweinfurthii 
(28 mtDNAs) + F1 Hybrid

Homo sapiens neanderthalensis

Pan troglodytes ellioti 
(9 mtDNAs)

Pan troglodytes troglodytes

Homo sapiens

Pan paniscus (44 mtDNAs)

Pongo pygmaeus
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76

99

−1
0
1

−1
0
1

−1
0
1

−1
0
1

−1
0
1

−1
0
1

−1
0
1

−1
0
1

−1
0
1

−1
0
1

−1
0
1

−1
0
1

−1
0
1

−1
0
1

−1
0
1

−1
0
1

−1
0
1

−1
0
1

−1
0
1

−1
0
1

−1
0
1

−1
0
1

−1
0
1

chr1

chr2

chr3

chr4

chr5

chr6

chr7

chr8

chr9

chr10

chr11

chr12

chr13

chr14

chr15

chr16

chr17

chr18

chr19

chr20

chr21

chr22

chrX

Chromosome Position (hg19)

D

Bonobo ChimpanzeeF1 Hybrid

a b

Genomic evidence for lack of pre-zygotic  
species barrier between chimpanzees and bonobos 

Samuel H. Vohr, Brendan O’Connell, Beatriz Freitas, Florence Ollivet-Courtois, Peter D. Heintzman,  
Pascal Gagneux, Alysson R. Muotri, and Richard E. Green submitted
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H. neanderthalensis

Denisovan hominins

Anatomically Modern H. sapiens Behaviorally Modern H. sapiens

H. erectus and extinct descendant lineages

Other African Hominins?

H. floresiensis

Jesse Robie, CARTA

Why are we humans the lone survivors?

Sex brings with it numerous conflicts at many different levels.

Summary

Conflicts take place in arenas ranging from within a single genome, between individuals, 
sexes, groups and societies.

Sexual reproduction forms a narrow gateway to the next generation -  
conflicts between genetic elements for representation in the future!

Conflicts between societies over images, and norms, including family planning, 
genital mutilation, and same sex marriage.

Parent offspring conflict over parental investment.

Conflict between potential mates and the competition.

Conflict between incompatible genomes.


