




Helper lacks ability to move 
on its own. It just provides a 
source of transposase

The Drosophila P element. P elements
lacking transposase can be mobilized
by a source of transposase to make
transgenic flies
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Δ 2-3, Ubx and Δ 2-3, Sb = these are third chromosomes that carry an immobilized source of transposase (Δ 2-3), as well as a
dominant visible marker (Ubx or Sb). Transposase is normally only active in the germline. However, Δ 2-3 is active in somatic
cells as well. This has the consequence  that transposons are continually being mobilized in somatic tissues. If the P element
contains a cell autonomous marker gene such as w+ (red pigment) this mobilization can be observed as eye color mosiacism.

P
+
2nd
chr

Y
w- ; P

+
3rd
chr

or Y
w- ;

transposition occuring in the germline of these males

1. Any red eyed male resulting from the above crossmust have had a transposition event off the X chromosome and onto an
autosome or onto the Y chromosome (happens rarely), since males get their X (which in this case is w-) from the female.

2. Males that have both a P element and Δ 2-3 will have red and white variegated eyes as a result of somatic transposition of the
Pw+ in somatic eye tissue.

Pw+ = a transposon that carries a wildtype copy of the w gene on the X chromosome.

The P element can hop into the + version of the second or third chromosome. If this occurs, and the meiotic product (the sperm)
also carries a Y chromosome, then the progeny will be a red-eyed male. If no transposition occurs or the P hops into outer space
then male progeny will have white eyes.

There are a number of other male progeny types that will also be genrated. Some of these will still have the Δ 2-3 source of
transposase. Others will simply have no P element transposition onto one of the chromosomes present in the gamete. These will
all lead to progeny that are w-

Hopping a transposon in flies off the X chromosome, and onto an autosome.



The power of the P element

In the early 20th century wild Drosophila melanogaster
populations lacked the P element. We know this because
people collected animals from throughout the world and 
kept them as stocks up through the present. They lack any
P elements.

The P element entered D. melanogaster sometime in the 20th

century, from another species. It is now ubiquitous
(30+ copies) in ALL wild populations. 



Retroviruses are RNA viruses that generate a double-stranded DNA intermediate using the enzyme
reverse transcriptase. The double-stranded DNA intermediate can integrate into the genome,
generating a provirus.
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Mechanisms by which transposons and retrotransposons increase in copy number



Number and nature of interspersed repeats in human, fly and worm

The euchromatic portion of the human genome has a much higher 
density of transposable element copies than fly and worm



Transposons and genome structure

LINES are retroposons that derive from a “selfish”
DNA sequence that encodes reverse transcriptase.
A complete LINE sequence can be copied into RNA.
Reverse transcriptase makes cDNA copies from the 
RNA. These copies may be complete or truncated. 
Both may then integrate into other sites in the 
Genome. 

Drosophila melanogaster: 90 different elements = 3% of genome
Mammals: LINES and SINES = 34% of genome

SINES replicate through an RNA intermediate, but do
not encode reverse transcriptase themselves. Instead
They utilize reverse transcriptase present in the cell.

The Alu family of repetitive elements in the human
Genome is an example of a SINE family. There are 
Than 500,000 Alu elements/ genome at 300bp/element.

The SINE element has evolved from normal cellular
RNAs, most often tRNAs, but also an RNA that forms
A component of the signal recognition particle, which 
Is required for protein translocation across the
Endoplasmic reticulum membrane.

The important modification of these cellular RNAs that
Has occurred are modifications in the 3’ end of the 
Transcript that lead to self complementarity. This
Provides a binding structure for reverse transcriptase. 





Transposon mobilization: Consequences for genome evolution over time

1. Inversions as a result of recombination between inverted repeats.

2. Deletions as a result of recombination between direct repeats.

3. Unequal crossing over between repeats (regions of micro-homology) leads to 
translocations, deletions, and gene duplications. 

4. Gene inactivation as a result of transposon insertion.

5. Gene activation as a result of a transposon (or retrovirus) inserting near a gene, 
and driving the transcription of that gene from a transposon promoter. 

6. Once transposons enter the germline of a species they can multiply and 
become ubiquituous very rapidly.
 Drosophila P elements. World-wide spread within 30 years
 Alu sequences in primates and humans.





The histone code

Imprinting

and cloning

Epigenetics



Fertilization is a very efficient way of producing a healthy
embryo (otherwise we would not be here)

Cloning animals from somatic cells is very inefficient:
only 1-5% of embryos survive

WHY??!!!



Broadly speaking

An “epigenetic” effect on the genome 
changes the phenotype without changing the 
genotype.

à The power of the environment and of life 
history



Technically

“A mitotically or meiotically heritable change 
in gene expression state (or genome 
functional state) that is not associated with a 
change in the primary sequence of DNA.”



Epigenetic processes generate 
multiple phenotypes from the same genotype

The Power of Epigenetics



In other  words

Genetics
Organism (or a cell) with 

a phenotype
↓

Mutation (change in 
DNA)

↓
Different phenotype

Epigenetics
Organism (or a cell) with 

a phenotype
↓

Something happens, but 
not a change in the DNA

↓
Different phenotype
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Histone tails are subject to multiple, enzyme-catalyzed 
post-translational modifications (PTM)





Musselman et al (2012) Nature Struct.Mol.Biol. 19 (12) 1718-27

Multiple protein binding domains recognise 
specific modified amino acids…a code?







McKinnell, R. G. 1978. Cloning: Nuclear Transplantation in Amphibia. 
University of Minnesota Press, Minneapolis. 

Nuclei taken from older developmental stages are less able to 
promote normal development. Their potential becomes restricted 

King and Briggs (1956). 
Serial transplantation of embryonic nuclei 
Cold Spring Harbor Symp. Quant. Biol. 21: 271-289. 











Monoallelic expression in mammals
There are three known situations that lead to monoallelic expression in mammalian genomes during
normal organism development and function.

1. Genomic imprinting

2. X-chromosome inactivation in females

3. Allelic exclusion
Ig gene expression in B lymphocytes
T cell receptor gene expression in T lymphocytes

X inactivation occurs in female mammals at an early stage in development. X inactivation is random.

--Distinct mechanisms are involved in the initiation and the maintenance of inactivation.
--XIST is expressed from the inactivated X chromosome. It paints the inactive X, initiating the process of inactivation.
--Deletion of the XIST locus on one X chromosome leads to that chromosome never being inactivated. Always the
other one. The gene acts in CIS, not TRANS.

+ one more - monoallelic expression in many genes in many tissues,
significance unknown



Monoallelic gene expression is shockingly common. The 
reason why it occurs is unknown



                                                     Genomic imprinting
                                   Maternal alleles are unequal to paternal alleles

1. mouse embryos with two maternal or paternal genomes fail to develop.

2. human triploid abortuses are phenotypically different depending on whether the extragenome is
maternal or paternal.

3. Certain human characters are autosomal dominant, but manifest themselves only when inherited from
one parent.  For example, in some families, glomus tumors are inherited as an autosomal dominant
character, but expressed only in people who inherit the gene from their father.

4. Deletion of certain chromosomal regions produces a different phenotype when the deletion is present
on the maternal or paternal chromosome.

EXAMPLE:

deletion of 15q12 (paternal): Prader-Willi syndrome (mental retardation, gross obesity)

deletion of 15q12 (maternal): Angelman syndrome (mental retardation, growth retardation, hyperactivity,
inappropriate laughter).

5. Allele loss in many cancers preferentially involves the paternal allele.

Genomic imprinting involves the selective silencing of alleles of specific genes of either paternal or maternal origin. Imprinting is described as
being epigenetic, meaning "out side the genes". Imprinting does not involve a change in DNA sequence, but yet an allele expression state is
transmitted from one somatic cell generation during the development and growth of an organism. Paternal imprinting means that the allele of a
particular gene inherited from the father is silenced. Maternal imprinting is the opposite.

Imprinting correlates with DNA methylation. When DNA is heavily methylated, it tends to be transcriptionally inactive. Mice that are disrupted for
the activity of a DNA methyltransferase some aspects of imprinting are disrupted. However, really our understanding of how imprinting occurs,
how loci are chosen to be imprinted, how the imprint is erased, and last of all, why imprinting occurs, is still unclear.



Mono-parental embryos do not develop normally 



Inherited from father

Inherited from mother







The maternal alleles of certain
genes in the deletion region
are shut off

The paternal alleles of a different
set of genes in the same region
are shut off

A BA A

A

BB

Boff
A gene is inactivated
in mothers gametes B gene is inactivated

in fathers gametes

off



Pedigrees reflecting maternal and paternal imprinting. In both pedigrees, affected individuals (represented by the filled-in circles and squares)
are heterozygous for a deletion removing a gene that has either a paternal or a maternal imprint. With paternal imprinting, affected individuals
receive a deleted chromosome from their mother and an inactivated copy of the gene from their father. Therefore, they have no functional copy 
of the gene in question. The opposite is true with maternal imprinting. The deleted chromosome comes from the father, while the inactivated
copy of the gene comes from the mother. In these pedigrees, a dotted symbol indicates individuals carrying a deleted chromosome but not
displaying the mutant phenotype.

The paternal copy of the gene is inactivated

The maternal copy of the gene is inactivated









                     Among vertebrates, only mammals imprint their genomes.
                                                      Why?

Seems like a bad idea because it makes an offspring potentially more sensitive to genomic damage
at the imprinted loci: If the embryo is heterozygous at an imprinted locus it may be dead, whereas if
the locus was not imprinted the animal would be viable.

A hypothesis: The struggle between the sexes?

--Females can mate with multiple males, generating embryos fathered by different males.

--If a male could underexpress genes that retard growth, his embryos would grow faster,
outcompeting those of the other males.

--This would be draining to the mother. In response (in the evolutionary sense) she would benefit
by downregulating genes that enhance growth. This gives each embryo an equal chance and does
not drain all her energy.

--So, the argument goes, imprinting will silence growth enhancing genes in the female and silence
growth suppressing mutations in the male.

Some supporting evidence

--Only in mammals do embryos compete for maternal resources in utero.

--Many of the genes identified as being imprinted are growth regulators.





Imprinted genes often regulate fetal growth







Although the clone of sheep A (Dolly) could have been created using only sheep A, sheep B and C were used in the 
cloning process in order to ensure that Dolly was truly a clone and the not the result of unexpected mating.

Nucleus removed
From egg cell

Cell with DNA fused
Into enucleated egg cell

Implantation into
The surrogate mother

Birth of clone of 
Sheep A (Dolly)









Proof that these abnormalities are 
entirely epigenetic

Dolly’s lambs, and the 
offspring of all cloned 
animals, are normal.

























The problem

In order to generate ES cells, one has to 
destroy an early human embryo

Six to fourteen embryos per birth – healthy 
ones frozen, and then discarded (=medical 

waste)















Induced pluripotent stem cells (iPS cells)

Adult somatic cells can be made to differentiate into pluripotent stem cells through the 
expression of four genes.







Generating haploid embryonic stem cells (ESCs)



Mutation of specific imprinted genes allows survival of
single parent offspring





Creating viable progeny by mutating (turning off) genes that 
would normally be silenced through imprinting in the 
gamete that no longer contributes. 

Interesting implication to think about. The progeny are viable
but are heterozygous for LOF mutations in multiple genes
involved in imprinting. What does this mean for the viability
and phenotypes of their progeny? Would you use this technique
in humans?


