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ABSTRACT

60 years of  molecular biology have changed our view of  the genome. In-
stead of  a ROM (read-only memory), we now realize that the genome is a RW
(read-write) data storage system. The relevant discoveries included:

(1) The elucidation of  “natural genetic engineering”, biochemical systems
responsible for genome changes, at all levels of  DNA structure;

(2) The recognition of  cells’ ability to control genome function and expres-
sion by transcription factor complexes and epigenetic chromatin modifications.

These discoveries allow us to see evolutionary processes as active cell-me-
diated changes to genome structure. Among the main agents of  natural genetic
engineering and inscription of  epigenetic signals are viruses and mobile genetic
elements, including retroviruses. Endogenous mammalian retrovirus has played
a major role in placental evolution, and epigenetic regulation is key to under-
standing the development of  the placenta and the embryo. The lecture will
outline connections between molecular evolution science and real-world in-
fluences on fetal health.

INTRODUCTION

Why is a bacterial geneticist who has studied mobile DNA and documented
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its role in evolution (Shapiro 2011) presenting the third annual Robert G.
Edward lecture to a conference on human reproductive biology? Although I do
not know the precise answer to this question, I will attempt to stay relevant to
the goals of  the Congress by recounting some aspects of  how reproductive
functions are expressed from the eutherian mammal genome and how pregnan-
cy evolved with the involvement of  mobile DNA. As I intend to show, these
topics are central to understanding the biological roots of  many reproductive
disorders.

Hoping to Follow Robert Edward’s Example
It is a distinct honor to present a lecture named after a courageous and

innovative scientific pioneer like Robert Edwards. There are three ways I would
like to believe that my work follows his example.

1. Working in a scientific field with social, political and religious
connotations. Both assisted reproductive biology and the mechanistic bases of
evolution fall into the tense intellectual region where science intersects with
people’s religious and moral beliefs. In evolution science, this tension manifests
itself  as a heated battle between militant religious fundamentalism and militant
atheism, as represented by evolutionary biologists such as Richard Dawkins.
Just as Edward’s work affected public policy and the treatment of  widespread
infertility problems, the attempt to provide a more solid scientific basis for
understanding evolution has potential for impact on science and education
policy in the USA, South Korea, and other countries. In particular, evolution
denial is increasingly linked in American politics to climate change denial.

2. Challenging long-held, comfortable certainties in the academic
world. Edwards worked against negativism about in vitro fertilization from the
reproductive biology establishment of  mid-20th Century Britain. Today, it is a
challenge to the long-asserted belief  that natural selection and random changes
are sufficient to explain evolutionary novelties to point out that molecular
biology and genome sequencing reveal regulated cellular processes of  genome
rewriting that play key roles in evolution. This challenge has aroused hostile
responses from the evolutionist establishment (e.g., http://whyevolutionis-
true.wordpress.com/2012/02/18/a-colleague-wrongfully-disses-modern-evolutio-
nary-theory/).

3. Letting rigorous science and empirical demonstrations settle ideo-
logical debates. Edwards wisely chose to validate his belief  in our ability to
achieve human in vitro fertilization by demonstrating that it works. This has to
be the model for resolving debates about the nature of  the evolutionary pro-
cess. It requires demonstrations that cell actions can rapidly produce novel
organisms. Fortunately, some demonstrations have been with us since the late
19th Century in the form of  hybrid speciation (Wilson 1876; Meister 1921;
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Stebbins 1951; Hulse and Spurgeon 1974; Ma and Gustafson 2008). Moreover,
a recent Nature paper reminds us that interspecific hybrids leading to new
species can form by asexual cell mergers (Fuentes, Stegemann et al. 2014).

The following sections of  this extended abstract summarize and annotate
the series of  Powerpoint slides used in my presentation. They provide a broad
selection of  references to the literature, so that interested readers can delve
further into each point for themselves. The slides plus a linked online version
of  this extended abstract can be viewed at http://shapiro.bsd.uchicago.edu/
Presentations&Videos.shtml.

What does “RW Genome” Mean?
The genome is a read-write (RW) system for storing, utilizing and modifying

data on cell RNAs and proteins, not a read-only memory (ROM) using the
genome as a fixed blueprint.

• Cells actively write information onto or into their DNA genomes as ne-
cessary for survival and reproduction (Shapiro 2013).

• Genome writing can be transient (e.g., nucleoprotein complexes with tran-
scription factors) (Edelman and Fraser 2012; de Mendoza, Sebe-Pedros et al.
2013; Payne and Wagner 2014; Villar, Flicek et al. 2014).

• Genome writing can be heritable over multiple cell divisions (e.g., epige-
netic chromatin modifications) (Jablonka 2013; Cheedipudi, Genolet et al. 2014;
Zhang and Pradhan 2014).

• Genome writing can alter the sequence and structure of  the DNA itself
by the many processes that comprise “natural genetic engineering” (NGE)
(Shapiro 2010; Shapiro 2011).

Cells operate and actively change genome inscriptions on at least 3
time scales:

1. Within the cell cycle (chiefly by transcription/translation controls and signal
transduction networks) (Elledge 1996; Morgan 2006; Lindas and Bernander 2013);

2. Over multiple cell cycles, as in embryonic development (RW chiefly by
epigenetic formatting and reformatting) (Christophersen and Helin 2010; Fedo-
riw, Mugford et al. 2012; Cheedipudi, Genolet et al. 2014);

3. Over evolutionary time scales, as in protein evolution by domain shuf-
fling and rewiring of  genomic networks by NGE functions (Kaessmann, Zol-
lner et al. 2002; Evlampiev and Isambert 2007; Kawashima, Kawashima et al.
2009; Shou, Bhardwaj et al. 2011; Sun, Sikora et al. 2012).

Why is a theoretical conceptualization of how the genome operates
relevant to reproductive biology?

• Gametogenesis, fertilization and embryonic development generate con-
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stantly changing conditions (Barroso, Valdespin et al. 2009; Migicovsky and
Kovalchuk 2012; Clift and Schuh 2013; Dean 2014).

• Successful establishment and completion of  pregnancy involves writing
and rewriting by epigenetic reformatting operations (Bazer, Wu et al. 2010; Lim
and Ferguson-Smith 2010).

• Pregnancy evolved thanks to NGE operators creating essential coding
sequences and rewiring regulatory signals (Noorali, Rotar et al. 2009; Lynch,
Leclerc et al. 2011).

• Understanding the evolution and operation of  genome writing in pregnan-
cy is key to developing successful new reproductive diagnostics and therapies
for multiple reproductive disorders (van Dijk and Oudejans 2013).

New molecular information is bringing revolutionary changes to our
understanding of genome expression (reading) and change (writing)

• A wealth of  detailed information about the biochemical nature of  genome
change (i.e., NGE) (Shapiro 2011); see also (Kazazian 2011; Koonin 2011;
Haber 2013);

• Epigenetic inheritance, imprinting and regulation of  NGE functions (Suzuki,
Ono et al. 2007; Eickbush, Ye et al. 2008; Lisch 2009; Kaneko-Ishino and
Ishino 2010; Huda, Bowen et al. 2011; Levin and Moran 2011; Lee, Conley et
al. 2012);

• Rewritable epigenetic chromatin modifications mark functionally distinct
regions of  the genome (Cuddapah, Jothi et al. 2009; Dixon, Selvaraj et al. 2012;
Natarajan, Yardimci et al. 2012). This means that multiple factors influence
establishment, erasure and maintenance of  a correct epigenetic status (Lee,
Hore et al. 2014; Roy, Walsh et al. 2014).

• Chromatin remodeling complexes regulate cell differentiation and develop-
ment (Clapier and Cairns 2009; Euskirchen, Auerbach et al. 2011; He, Liu et al.
2012; Wutz 2013; Chen and Dent 2014).

How molecular biology has transformed evolution science
• Molecular taxonomy (Woese and Fox 1977; Woese 2004).
• Symbiogenesis (Margulis and Sagan 2002; Embley and Martin 2006; Ku-

tschera 2009).
• Horizontal DNA transfer (Whitaker, McConkey et al. 2009; Danchin, Rosso

et al. 2010; Pagan, Smith et al. 2010; Grassi, Grilli et al. 2012; Syvanen 2012;
Ivancevic, Walsh et al. 2013).

• Hybridization and whole genome duplications (Stebbins 1951; Anderson
1954; Mallet 2007; Fuentes, Stegemann et al. 2014).

• The evolutionary importance of  repetitive mobile genetic elements (Lan-
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der, Linton et al. 2001; Kazazian 2004; Feschotte and Pritham 2007; Levin and
Moran 2011; Lindblad-Toh, Garber et al. 2011; Feschotte and Gilbert 2012;
Chuong and Feschotte 2013; Kapusta, Kronenberg et al. 2013).

Genomic Impact of Mobile Elements
• Interrupt, alter or generate coding regions (alternative splicing to create

novel exons = “exonization”) (Nekrutenko and Li 2001; Krull, Brosius et al.
2005; Piriyapongsa, Polavarapu et al. 2007; Schmitz and Brosius 2011; Huda
and Bushel 2013);

• Promote protein evolution by “domain shuffling” (Kaessmann, Zollner
et al. 2002; Jiang, Bao et al. 2004; Morgante, Brunner et al. 2005; Evlampiev
and Isambert 2007; Kawashima, Kawashima et al. 2009);

• Introduce new transcriptional controls (e.g., promoters, enhancers, tran-
scription factor binding sites, terminators) (Thornburg, Gotea et al. 2006; Huda,
Tyagi et al. 2011; Lowe and Haussler 2012; Batut, Dobin et al. 2013; Jacques,
Jeyakani et al. 2013; Young, Whiddon et al. 2013; Jjingo, Conley et al. 2014);

• Provide sequences and targets for control by “non-coding” RNA mole-
cules (Piriyapongsa and Jordan 2008; Kelley and Rinn 2012; Hadjiargyrou and
Delihas 2013; Kapusta, Kronenberg et al. 2013; Creasey, Zhai et al. 2014; Harding,
Horswell et al. 2014; Lu, Sachs et al. 2014; Matylla-Kulinska, Tafer et al. 2014);

• Provide sites for epigenetic modification and imprinting (Slotkin and
Martienssen 2007; Suzuki, Ono et al. 2007; Sekita, Wagatsuma et al. 2008; Weil
and Martienssen 2008; Huda and Jordan 2009; Pask, Papenfuss et al. 2009; Zeh,
Zeh et al. 2009; de Andrade, Wang et al. 2011; Lisch and Bennetzen 2011;
Cruickshanks, Vafadar-Isfahani et al. 2013; Schoorlemmer, Perez-Palacios et al.
2014);

• Distribute similar control cassettes to rewire multi-locus networks throu-
ghout the genome (Feschotte 2008; Wang, Bowen et al. 2009; Xie, Chen et al.
2010; Freschi, Courcelles et al. 2011; Shou, Bhardwaj et al. 2011; Barbaglia,
Klusman et al. 2012; Kim, Kim et al. 2012; Micale, Loviglio et al. 2012; Sun,
Sikora et al. 2012; Cowley and Oakey 2013; Ellison and Bachtrog 2013; Xie,
Hong et al. 2013).

Multiple syncytin coding sequence captures and diversity of placental
structures in eutherian mammals

The cell fusion “syncytin” proteins needed for placental development evol-
ved from retroviral envelope (Env) proteins, often from different endogenous
retroviruses in different mammalian taxa (Rote, Chakrabarti et al. 2004; Esnault,
Priet et al. 2008; Noorali, Rotar et al. 2009; Stoye 2009; Black, Arnaud et al.
2010; Dupressoir, Lavialle et al. 2012; Lavialle, Cornelis et al. 2013).
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Mobile Genetic Elements Rewire Genome Networks for Pregnancy
• Endogenous retroviruses provide promoters for placental-specific tran-

scripts and sites for their epigenetic regulation (Mallet, Bouton et al. 2004;
Prudhomme, Bonnaud et al. 2005; Macaulay, Weeks et al. 2011; Chuong, Rumi
et al. 2013; Macaulay, Roberts et al. 2014).

• The MER20 transposon helped establish a pregnancy-related, progestero-
ne induced regulatory network active in endometrial stromal cells (Bazer, Wu
et al. 2010; Lynch, Leclerc et al. 2011).

• The MER39 transposon established pregnancy-specific prolactin expres-
sion in primates, while other transposons and retrotransposons achieved the
same result in other mammalian orders (Gerlo, Davis et al. 2006; Emera and
Wagner 2012).

Epigenetic “Imprinting”
• Parental-specific expression of  an extended genome locus (i.e. the same

DNA sequences behave differently when inherited through the male or female
gamete) (Shire 1989; Sapienza 1990; Lalande 1996; Ferguson-Smith 2011).

• Erasure and imprinting occur in the parental germlines or during game-
togenesis (Yamaguchi, Shen et al. 2013; Weaver and Bartolomei 2014).

• Differential DNA methylation and histone modifications are found in
paternal and maternal alleles of  imprinted loci (Weaver, Susiarjo et al. 2009;
Abramowitz and Bartolomei 2012; Weaver and Bartolomei 2014).

• DNA methylation is dependent on specific sequences, often derived from
mobile elements (Suzuki, Ono et al. 2007; Gehring, Bubb et al. 2009; Hiura,
Okae et al. 2012; Wohrmann, Gagliardini et al. 2012; Dimitriadou, Noutsopou-
los et al. 2013; Lewis, Brant et al. 2014).

• Tissue-specific expression of  imprinted loci occurs at specific stages in
placental and embryonic development (Fowden, Sibley et al. 2006; Wagschal
and Feil 2006; Renfree, Ager et al. 2008; Renfree, Papenfuss et al. 2009; Weaver,
Susiarjo et al. 2009; Frost and Moore 2010; Hudson, Kulinski et al. 2010;
Kaneko-Ishino and Ishino 2010; Fowden, Coan et al. 2011; Fedoriw, Mugford
et al. 2012).

Human Disorders Linked to Epigenetic Remodeling and Imprinting in
Pregnancy

• Pre-eclampsia and HELLP Syndrome (Smets, Visser et al. 2006; Blair,
Yuen et al. 2013; Ruebner, Strissel et al. 2013).

• Prader Willi and Angelman Syndromes (Lalande 1996; Girardot, Feil et
al. 2013; Lewis, Brant et al. 2014).

• Beckwith-Wiedemann and Russell-Silver Syndromes (higher incidence
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following assisted reproduction technologies?) (Lalande 1996; Le Bouc, Rossi-
gnol et al. 2010; Hiura, Okae et al. 2012; Girardot, Feil et al. 2013; Azzi, Abi
Habib et al. 2014; Uyar and Seli 2014).

• Low fetal birth weight (Koukoura, Sifakis et al. 2012; St-Pierre, Hivert et
al. 2012; Himes, Koppes et al. 2013).

• Neurodegenerative disease (autism?) (Choi and Friso 2010; Babenko,
Kovalchuk et al. 2012).

• Predisposition to cardiovascular disease, obesity and type II diabetes (Kaati,
Bygren et al. 2002; Kaati, Bygren et al. 2007; Pembrey 2010; Li, Young et al.
2013).

Trans-Generational Epigenetic Inheritance of Pregnancy Stress,
Nutrition and Other External Influences

(Anway, Cupp et al. 2005; Weaver 2007; Carone, Fauquier et al. 2010; Parle-
McDermott and Ozaki 2011; Walker and Gore 2011; Matzkin, Johnson et al.
2013; Sharma 2013; Susiarjo, Sasson et al. 2013; Burris and Baccarelli 2014;
Gapp, Jawaid et al. 2014; Gapp, von Ziegler et al. 2014; Ge, Liang et al. 2014;
Li, Saldanha et al. 2014; Yao, Robinson et al. 2014).

Two Take-Home Messages
1. Pregnancy in general, and the placenta in particular, provide the best

examples we have of  evolutionary innovation by cell agents of  genome rewri-
ting (endogenous retroviruses and transposons).

2. Epigenetic control of  the newly evolved placental reproduction system is
deeply involved in the outcome of  every pregnancy.

REFERENCES

Abramowitz, L.K. and M.S. Bartolomei (2012). “Genomic imprinting: recognition and marking
of  imprinted loci.” Curr Opin Genet Dev 22(2): 72-78. http://www.ncbi.nlm.nih.gov/pub-
med/22195775.

Anderson, E. and G.L. Stebbins Jr., (1954). “Hybridization as an evolutionary stimulus.” Evo-
lution 8: 378-388.

Anway, M.D., A.S. Cupp, et al. (2005). “Epigenetic transgenerational actions of  endocrine
disruptors and male fertility.” Science 308(5727): 1466-1469. http://www.ncbi.nlm.nih.gov/
pubmed/15933200.

Azzi, S., W. Abi Habib, et al. (2014). “Beckwith-Wiedemann and Russell-Silver Syndromes: from
new molecular insights to the comprehension of  imprinting regulation.” Curr Opin Endo-
crinol Diabetes Obes 21(1): 30-38. http://www.ncbi.nlm.nih.gov/pubmed/24322424.

Babenko, O., I. Kovalchuk, et al. (2012). “Epigenetic programming of  neurodegenerative dise-
ases by an adverse environment.” Brain Res 1444: 96-111. http://www.ncbi.nlm.nih.gov/
pubmed/22330722.



28

20TH WORLD CONGRESS ON CONTROVERSIES IN OBSTETRICS,
GYNECOLOGY & INFERTILITY (COGI)

Barbaglia, A. M., K. M. Klusman, et al. (2012). “Gene capture by Helitron transposons reshuf-
fles the transcriptome of  maize.” Genetics 190(3): 965-975. http://www.ncbi.nlm.nih.gov/
pubmed/22174072.

Barroso, G., C. Valdespin, et al. (2009). “Developmental sperm contributions: fertilization and
beyond.” Fertil Steril 92(3): 835-848. http://www.ncbi.nlm.nih.gov/pubmed/19631936%22.

Batut, P., A. Dobin, et al. (2013). “High-fidelity promoter profiling reveals widespread alterna-
tive promoter usage and transposon-driven developmental gene expression.” Genome Res
23(1): 169-180. http://www.ncbi.nlm.nih.gov/pubmed/22936248.

Bazer, F. W., G. Wu, et al. (2010). “Novel pathways for implantation and establishment and
maintenance of  pregnancy in mammals.” Mol Hum Reprod 16(3): 135-152. http://
www.ncbi.nlm.nih.gov/pubmed/19880575.

Black, S. G., F. Arnaud, et al. (2010). “Endogenous retroviruses in trophoblast differentiation
and placental development.” Am J Reprod Immunol 64(4): 255-264. http://www.ncbi.nlm.-
nih.gov/pubmed/20528833.

Blair, J. D., R. K. Yuen, et al. (2013). “Widespread DNA hypomethylation at gene enhancer
regions in placentas associated with early-onset pre-eclampsia.” Mol Hum Reprod 19(10):
697-708. http://www.ncbi.nlm.nih.gov/pubmed/23770704.

Burris, H. H. and A. A. Baccarelli (2014). “Environmental epigenetics: from novelty to scientific
discipline.” J Appl Toxicol 34(2): 113-116. http://www.ncbi.nlm.nih.gov/pubmed/23836446.

Carone, B. R., L. Fauquier, et al. (2010). “Paternally induced transgenerational environmen-
tal reprogramming of  metabolic gene expression in mammals.” Cell 143(7): 1084-1096.
http://www.ncbi.nlm.nih.gov/pubmed/21183072.

Cheedipudi, S., O. Genolet, et al. (2014). “Epigenetic inheritance of  cell fates during embryonic
development.” Front Genet 5: 19. http://www.ncbi.nlm.nih.gov/pubmed/24550937.

Chen, T. and S. Y. Dent (2014). “Chromatin modifiers and remodellers: regulators of  cellular
differentiation.” Nat Rev Genet 15(2): 93-106. http://www.ncbi.nlm.nih.gov/pubmed/
24366184.

Choi, S. W. and S. Friso (2010). “Epigenetics: A New Bridge between Nutrition and Health.”
Adv Nutr 1(1): 8-16. http://www.ncbi.nlm.nih.gov/pubmed/22043447.

Christophersen, N. S. and K. Helin (2010). “Epigenetic control of  embryonic stem cell fate.”
J Exp Med 207(11): 2287-2295. http://www.ncbi.nlm.nih.gov/pubmed/20975044.

Chuong, E. B. and C. Feschotte (2013). “Evolution. Transposons up the dosage.” Science
342(6160): 812-813. http://www.ncbi.nlm.nih.gov/pubmed/24233714.

Chuong, E. B., M. A. Rumi, et al. (2013). “Endogenous retroviruses function as species-specific
enhancer elements in the placenta.” Nat Genet 45(3): 325-329. http://www.ncbi.nlm.nih.gov/
pubmed/23396136.

Clapier, C. R. and B. R. Cairns (2009). “The biology of  chromatin remodeling complexes.”
Annu Rev Biochem 78: 273-304. http://www.ncbi.nlm.nih.gov/pubmed/19355820.

Clift, D. and M. Schuh (2013). “Restarting life: fertilization and the transition from meiosis to
mitosis.” Nat Rev Mol Cell Biol 14(9): 549-562. http://www.ncbi.nlm.nih.gov/pubmed/
23942453.

Cowley, M. and R. J. Oakey (2013). “Transposable elements re-wire and fine-tune the transcrip-
tome.” PLoS Genet 9(1): e1003234. http://www.ncbi.nlm.nih.gov/pubmed/23358118.

Creasey, K. M., J. Zhai, et al. (2014). “miRNAs trigger widespread epigenetically activated
siRNAs from transposons in Arabidopsis.” Nature 508(7496): 411-415. http://
www.ncbi.nlm.nih.gov/pubmed/24670663.

Cruickshanks, H. A., N. Vafadar-Isfahani, et al. (2013). “Expression of  a large LINE-1-driven
antisense RNA is linked to epigenetic silencing of  the metastasis suppressor gene TFPI-2



29

December 4-7, 2014 • Paris, France

in cancer.” Nucleic Acids Res. http://www.ncbi.nlm.nih.gov/pubmed/23703216.
Cuddapah, S., R. Jothi, et al. (2009). “Global analysis of  the insulator binding protein CTCF

in chromatin barrier regions reveals demarcation of  active and repressive domains.” Geno-
me Res 19(1): 24-32. http://www.ncbi.nlm.nih.gov/pubmed/19056695.

Danchin, E. G., M. N. Rosso, et al. (2010). “Multiple lateral gene transfers and duplications have
promoted plant parasitism ability in nematodes.” Proc Natl Acad Sci USA 107(41): 17651-
17656. http://www.ncbi.nlm.nih.gov/pubmed/20876108.

de Andrade, A., M. Wang, et al. (2011). “Genetic and epigenetic variations contributed by Alu
retrotransposition.” BMC Genomics 12: 617. http://www.ncbi.nlm.nih.gov/pubmed/
22185517.

de Mendoza, A., A. Sebe-Pedros, et al. (2013). “Transcription factor evolution in eukaryotes and
the assembly of  the regulatory toolkit in multicellular lineages.” Proc Natl Acad Sci USA
110(50): E4858-4866. http://www.ncbi.nlm.nih.gov/pubmed/24277850.

Dean, W. (2014). “DNA methylation and demethylation: a pathway to gametogenesis and de-
velopment.” Mol Reprod Dev 81(2): 113-125. http://www.ncbi.nlm.nih.gov/pubmed/
24214338.

Dimitriadou, E., D. Noutsopoulos, et al. (2013). “Abnormal DLK1/MEG3 imprinting correla-
tes with decreased HERV-K methylation after assisted reproduction and preimplantation
genetic diagnosis.” Stress 16(6): 689-697. http://www.ncbi.nlm.nih.gov/pubmed/23786541.

Dixon, J. R., S. Selvaraj, et al. (2012). “Topological domains in mammalian genomes identified
by analysis of  chromatin interactions.” Nature 485(7398): 376-380. http://www.ncbi.nlm.nih.-
gov/pubmed/22495300.

Dupressoir, A., C. Lavialle, et al. (2012). “From ancestral infectious retroviruses to bona fide
cellular genes: role of  the captured syncytins in placentation.” Placenta 33(9): 663-671.
http://www.ncbi.nlm.nih.gov/pubmed/22695103.

Edelman, L. B. and P. Fraser (2012). “Transcription factories: genetic programming in three
dimensions.” Curr Opin Genet Dev 22(2): 110-114. http://www.ncbi.nlm.nih.gov/pubmed/
22365496.

Eickbush, D. G., J. Ye, et al. (2008). “Epigenetic regulation of  retrotransposons within the
nucleolus of  Drosophila.” Mol Cell Biol 28(20): 6452-6461. http://www.ncbi.nlm.nih.gov/
pubmed/18678644.

Elledge, S. J. (1996). “Cell cycle checkpoints: preventing an identity crisis.” Science 274(5293):
1664-1672. http://www.ncbi.nlm.nih.gov/pubmed/8939848.

Ellison, C. E. and D. Bachtrog (2013). “Dosage compensation via transposable element media-
ted rewiring of  a regulatory network.” Science 342(6160): 846-850. http://www.ncbi.nlm.nih.-
gov/pubmed/24233721.

Embley, T. M. and W. Martin (2006). “Eukaryotic evolution, changes and challenges.” Nature
440(7084): 623-630. http://www.ncbi.nlm.nih.gov/pubmed/16572163.

Emera, D. and G. P. Wagner (2012). “Transformation of  a transposon into a derived prolactin
promoter with function during human pregnancy.” Proc Natl Acad Sci USA 109(28): 11246-
11251. http://www.ncbi.nlm.nih.gov/pubmed/22733751.

Esnault, C., S. Priet, et al. (2008). “A placenta-specific receptor for the fusogenic, endogenous
retrovirus-derived, human syncytin-2.” Proc Natl Acad Sci USA 105(45): 17532-17537. http:/
/www.ncbi.nlm.nih.gov/pubmed/18988732.

Euskirchen, G.M., R.K. Auerbach, et al. (2011). “Diverse Roles and Interactions of  the SWI/
SNF Chromatin Remodeling Complex Revealed Using Global Approaches.” PLoS Genet
7(3): e1002008. http://www.ncbi.nlm.nih.gov/pubmed/21408204.

Evlampiev, K. and H. Isambert (2007). “Modeling protein network evolution under genome



30

20TH WORLD CONGRESS ON CONTROVERSIES IN OBSTETRICS,
GYNECOLOGY & INFERTILITY (COGI)

duplication and domain shuffling.” BMC Syst Biol 1: 49. http://www.ncbi.nlm.nih.gov/
pubmed/17999763.

Fedoriw, A., J. Mugford, et al. (2012). “Genomic imprinting and epigenetic control of  develop-
ment.” Cold Spring Harb Perspect Biol 4(7): a008136. http://www.ncbi.nlm.nih.gov/pub-
med/22687277.

Ferguson-Smith, A. C. (2011). “Genomic imprinting: the emergence of  an epigenetic para-
digm.” Nat Rev Genet 12(8): 565-575. http://www.ncbi.nlm.nih.gov/pubmed/21765458.

Feschotte, C. (2008). “Transposable elements and the evolution of  regulatory networks.” Nat
Rev Genet 9(5): 397-405. http://www.ncbi.nlm.nih.gov/pubmed/18368054.

Feschotte, C. and C. Gilbert (2012). “Endogenous viruses: insights into viral evolution and
impact on host biology.” Nat Rev Genet 13(4): 283-296. http://www.ncbi.nlm.nih.gov/
pubmed/22421730.

Feschotte, C. and E.J. Pritham (2007). “DNA transposons and the evolution of  eukaryotic
genomes.” Annu Rev Genet 41: 331-368. http://www.ncbi.nlm.nih.gov/pubmed/18076328.

Fowden, A.L., P.M. Coan, et al. (2011). “Imprinted genes and the epigenetic regulation of
placental phenotype.” Prog Biophys Mol Biol 106(1): 281-288. http://www.ncbi.nlm.nih.gov/
pubmed/21108957.

Fowden, A.L., C. Sibley, et al. (2006). “Imprinted genes, placental development and fetal growth.”
Horm Res 65 Suppl 3: 50-58. http://www.ncbi.nlm.nih.gov/pubmed/16612114.

Freschi, L., M. Courcelles, et al. (2011). “Phosphorylation network rewiring by gene duplica-
tion.” Mol Syst Biol 7: 504. http://www.ncbi.nlm.nih.gov/pubmed/21734643.

Frost, J.M. and G.E. Moore (2010). “The importance of  imprinting in the human placenta.”
PLoS Genet 6(7): e1001015. http://www.ncbi.nlm.nih.gov/pubmed/20617174.

Fuentes, I., S. Stegemann, et al. (2014). “Horizontal genome transfer as an asexual path to the
formation of  new species.” Nature. http://www.ncbi.nlm.nih.gov/pubmed/24909992.

Gapp, K., A. Jawaid, et al. (2014). “Implication of  sperm RNAs in transgenerational inheritance
of  the effects of  early trauma in mice.” Nat Neurosci. http://www.ncbi.nlm.nih.gov/pub-
med/24728267.

Gapp, K., L. von Ziegler, et al. (2014). “Early life epigenetic programming and transmission of
stress-induced traits in mammals: how and when can environmental factors influence traits
and their transgenerational inheritance?” Bioessays 36(5): 491-502. http://www.ncbi.nlm.nih.-
gov/pubmed/24585414.

Ge, Z.J., Q.X. Liang, et al. (2014). “Maternal obesity and diabetes may cause DNA methy-
lation alteration in the spermatozoa of  offspring in mice.” Reprod Biol Endocrinol 12:
29. http://www.ncbi.nlm.nih.gov/pubmed/24721882.

Gehring, M., K.L. Bubb, et al. (2009). “Extensive demethylation of  repetitive elements during
seed development underlies gene imprinting.” Science 324(5933): 1447-1451. http://
www.ncbi.nlm.nih.gov/pubmed/19520961.

Gerlo, S., J. R. Davis, et al. (2006). “Prolactin in man: a tale of  two promoters.” Bioessays
28(10): 1051-1055. http://www.ncbi.nlm.nih.gov/pubmed/16998840.

Girardot, M., R. Feil, et al. (2013). “Epigenetic deregulation of  genomic imprinting in humans:
causal mechanisms and clinical implications.” Epigenomics 5(6): 715-728. http://
www.ncbi.nlm.nih.gov/pubmed/24283884.

Grassi, L., J. Grilli, et al. (2012). “Large-scale dynamics of  horizontal transfers.” Mob Genet
Elements 2(3): 163-167. http://www.ncbi.nlm.nih.gov/pubmed/23061026.

Haber, J. E. (2013). Genome Stability: DNA Repair and Recombination, Garland Scientific.
Hadjiargyrou, M. and N. Delihas (2013). “The Intertwining of  Transposable Elements and

Non-Coding RNAs.” Int J Mol Sci 14(7): 13307-13328. http://www.ncbi.nlm.nih.gov/pub-
med/23803660.



31

December 4-7, 2014 • Paris, France

Harding, J.L., S. Horswell, et al. (2014). “Small RNA profiling of  Xenopus embryos reveals
novel miRNAs and a new class of  small RNAs derived from intronic transposable elemen-
ts.” Genome Res 24(1): 96-106. http://www.ncbi.nlm.nih.gov/pubmed/24065776.

He, L., H. Liu, et al. (2012). “SWI/SNF chromatin remodeling complex: a new cofactor in
reprogramming.” Stem Cell Rev 8(1): 128-136. http://www.ncbi.nlm.nih.gov/pubmed/
21655945.

Himes, K.P., E. Koppes, et al. (2013). “Generalized disruption of  inherited genomic imprints
leads to wide-ranging placental defects and dysregulated fetal growth.” Dev Biol 373(1): 72-
82. http://www.ncbi.nlm.nih.gov/pubmed/23085235.

Hiura, H., H. Okae, et al. (2012). “Characterization of  DNA methylation errors in patients with
imprinting disorders conceived by assisted reproduction technologies.” Hum Reprod 27(8):
2541-2548. http://www.ncbi.nlm.nih.gov/pubmed/22674207.

Huda, A., N. J. Bowen, et al. (2011). “Epigenetic regulation of  transposable element derived
human gene promoters.” Gene 475(1): 39-48. http://www.ncbi.nlm.nih.gov/pubmed/
21215797.

Huda, A. and P.R. Bushel (2013). “Widespread Exonization of  Transposable Elements in Human
Coding Sequences is Associated with Epigenetic Regulation of  Transcription.” Transcr Open
Access 1(1). http://www.ncbi.nlm.nih.gov/pubmed/24860841.

Huda, A. and I. K. Jordan (2009). “Epigenetic regulation of  Mammalian genomes by transpo-
sable elements.” Ann N Y Acad Sci 1178: 276-284. http://www.ncbi.nlm.nih.gov/pubmed/
19845643.

Huda, A., E. Tyagi, et al. (2011). “Prediction of  transposable element derived enhancers using
chromatin modification profiles.” PLoS One 6(11): e27513. http://www.ncbi.nlm.nih.gov/
pubmed/22087331.

Hudson, Q. J., T. M. Kulinski, et al. (2010). “Genomic imprinting mechanisms in embryonic and
extraembryonic mouse tissues.” Heredity (Edinb) 105(1): 45-56. http://www.ncbi.nlm.nih.gov/
pubmed/20234385.

Hulse, J. H. and D. Spurgeon (1974). “Triticale.” Scientific American 231(2): 72-80.
Ivancevic, A. M., A. M. Walsh, et al. (2013). “Jumping the fine LINE between species: Hori-

zontal transfer of  transposable elements in animals catalyses genome evolution.” Bioessays
35(12): 1071-1082. http://www.ncbi.nlm.nih.gov/pubmed/24003001.

Jablonka, E. (2013). “Epigenetic inheritance and plasticity: The responsive germline.” Prog
Biophys Mol Biol 111(2-3): 99-107. http://www.ncbi.nlm.nih.gov/pubmed/22975443.

Jacques, P.E., J. Jeyakani, et al. (2013). “The majority of  primate-specific regulatory sequences
are derived from transposable elements.” PLoS Genet 9(5): e1003504. http://
www.ncbi.nlm.nih.gov/pubmed/23675311.

Jiang, N., Z. Bao, et al. (2004). “Pack-MULE transposable elements mediate gene evolution in
plants.” Nature 431(7008): 569-573. http://www.ncbi.nlm.nih.gov/pubmed/15457261.

Jjingo, D., A.B. Conley, et al. (2014). “Mammalian-wide interspersed repeat (MIR)-derived enhan-
cers and the regulation of  human gene expression.” Mob DNA 5: 14. http://
www.ncbi.nlm.nih.gov/pubmed/25018785.

Kaati, G., L.O. Bygren, et al. (2002). “Cardiovascular and diabetes mortality determined by
nutrition during parents’ and grandparents’ slow growth period.” Eur J Hum Genet 10(11):
682-688. http://www.ncbi.nlm.nih.gov/pubmed/12404098.

Kaati, G., L.O. Bygren, et al. (2007). “Transgenerational response to nutrition, early life circu-
mstances and longevity.” Eur J Hum Genet 15(7): 784-790. http://www.ncbi.nlm.nih.gov/
pubmed/17457370.



32

20TH WORLD CONGRESS ON CONTROVERSIES IN OBSTETRICS,
GYNECOLOGY & INFERTILITY (COGI)

Kaessmann, H., S. Zollner, et al. (2002). “Signatures of  domain shuffling in the human geno-
me.” Genome Res 12(11): 1642-1650. http://www.ncbi.nlm.nih.gov/pubmed/12421750.

Kaneko-Ishino, T. and F. Ishino (2010). “Retrotransposon silencing by DNA methylation con-
tributed to the evolution of  placentation and genomic imprinting in mammals.” Dev Growth
Differ 52(6): 533-543. http://www.ncbi.nlm.nih.gov/pubmed/20646026.

Kapusta, A., Z. Kronenberg, et al. (2013). “Transposable elements are major contributors to the
origin, diversification, and regulation of  vertebrate long noncoding RNAs.” PLoS Genet
9(4): e1003470. http://www.ncbi.nlm.nih.gov/pubmed/23637635.

Kawashima, T., S. Kawashima, et al. (2009). “Domain shuffling and the evolution of  vertebra-
tes.” Genome Res 19(8): 1393-1403. http://www.ncbi.nlm.nih.gov/pubmed/19443856.

Kazazian, H. H. (2011). Mobile DNA: Finding Treasure in Junk, FT Press Science.
Kazazian, H. H. J. (2004). “Mobile elements: Drivers of  genome evolution.” Science 303: 1626-

1632.
Kelley, D. and J. Rinn (2012). “Transposable elements reveal a stem cell-specific class of  long

noncoding RNAs.” Genome Biol 13(11): R107. http://www.ncbi.nlm.nih.gov/pubmed/
23181609.

Kim, J., I. Kim, et al. (2012). “Network rewiring is an important mechanism of  gene essentiality
change.” Sci Rep 2: 900. http://www.ncbi.nlm.nih.gov/pubmed/23198090.

Koonin, E. V. (2011). The Logic of  Chance: The Nature and Origin of  Biological Evolution,
FT Press.

Koukoura, O., S. Sifakis, et al. (2012). “DNA methylation in the human placenta and fetal
growth (review).” Mol Med Rep 5(4): 883-889. http://www.ncbi.nlm.nih.gov/pubmed/
22294146.

Krull, M., J. Brosius, et al. (2005). “Alu-SINE exonization: en route to protein-coding function.”
Mol Biol Evol 22(8): 1702-1711. http://www.ncbi.nlm.nih.gov/pubmed/15901843.

Kutschera, U. (2009). “Symbiogenesis, natural selection, and the dynamic Earth.” Theory Biosci
128(3): 191-203. http://www.ncbi.nlm.nih.gov/pubmed/19399544.

Lalande, M. (1996). “Parental imprinting and human disease.” Annu Rev Genet 30: 173-195.
http://www.ncbi.nlm.nih.gov/pubmed/8982453.

Lander, E.S., L. M. Linton, et al. (2001). “Initial sequencing and analysis of  the human geno-
me.” Nature 409(6822): 860-921. http://www.ncbi.nlm.nih.gov/pubmed/11237011.

Lavialle, C., G. Cornelis, et al. (2013). “Paleovirology of  ‘syncytins’, retroviral env genes exapted
for a role in placentation.” Philos Trans R Soc Lond B Biol Sci 368(1626): 20120507. http:/
/www.ncbi.nlm.nih.gov/pubmed/23938756.

Le Bouc, Y., S. Rossignol, et al. (2010). “Epigenetics, genomic imprinting and assisted repro-
ductive technology.” Ann Endocrinol (Paris) 71(3): 237-238. http://www.ncbi.nlm.nih.gov/
pubmed/20362968.

Lee, H.J., T.A. Hore, et al. (2014). “Reprogramming the methylome: erasing memory and cre-
ating diversity.” Cell Stem Cell 14(6): 710-719. http://www.ncbi.nlm.nih.gov/pubmed/
24905162.

Lee, K. J., A. B. Conley, et al. (2012). “Do human transposable element small RNAs serve
primarily as genome defenders or genome regulators?” Mob Genet Elements 2(1): 19-25.
http://www.ncbi.nlm.nih.gov/pubmed/22754749.

Levin, H. L. and J. V. Moran (2011). “Dynamic interactions between transposable elements and
their hosts.” Nat Rev Genet 12(9): 615-627. http://www.ncbi.nlm.nih.gov/pubmed/21850042.

Lewis, M. W., J. O. Brant, et al. (2014). “Angelman syndrome imprinting center encodes a
transcriptional promoter.” Proc Natl Acad Sci USA. http://www.ncbi.nlm.nih.gov/pubmed/
25378697.



33

December 4-7, 2014 • Paris, France

Li, C. C., P. E. Young, et al. (2013). “Maternal obesity and diabetes induces latent metabolic
defects and widespread epigenetic changes in isogenic mice.” Epigenetics 8(6): 602-611.
http://www.ncbi.nlm.nih.gov/pubmed/23764993.

Li, Y., S. N. Saldanha, et al. (2014). “Impact of  epigenetic dietary compounds on transgenera-
tional prevention of  human diseases.” AAPS J 16(1): 27-36. http://www.ncbi.nlm.nih.gov/
pubmed/24114450.

Lim, A. L. and A. C. Ferguson-Smith (2010). “Genomic imprinting effects in a compromised
in utero environment: implications for a healthy pregnancy.” Semin Cell Dev Biol 21(2):
201-208. http://www.ncbi.nlm.nih.gov/pubmed/19879952.

Lindas, A. C. and R. Bernander (2013). “The cell cycle of  archaea.” Nat Rev Microbiol 11(9):
627-638. http://www.ncbi.nlm.nih.gov/pubmed/23893102.

Lindblad-Toh, K., M. Garber, et al. (2011). “A high-resolution map of  human evolutionary
constraint using 29 mammals.” Nature 478(7370): 476-482. http://www.ncbi.nlm.nih.gov/
pubmed/21993624.

Lisch, D. (2009). “Epigenetic regulation of  transposable elements in plants.” Annu Rev Plant
Biol 60: 43-66. http://www.ncbi.nlm.nih.gov/pubmed/19007329%22.

Lisch, D. and J. L. Bennetzen (2011). “Transposable element origins of  epigenetic gene regu-
lation.” Curr Opin Plant Biol 14(2): 156-161. http://www.ncbi.nlm.nih.gov/pubmed/
21444239.

Lowe, C. B. and D. Haussler (2012). “29 Mammalian genomes reveal novel exaptations of
mobile elements for likely regulatory functions in the human genome.” PLoS One 7(8):
e43128. http://www.ncbi.nlm.nih.gov/pubmed/22952639.

Lu, X., F. Sachs, et al. (2014). “The retrovirus HERVH is a long noncoding RNA required for
human embryonic stem cell identity.” Nat Struct Mol Biol. http://www.ncbi.nlm.nih.gov/
pubmed/24681886.

Lynch, V. J., R. D. Leclerc, et al. (2011). “Transposon-mediated rewiring of  gene regulatory
networks contributed to the evolution of  pregnancy in mammals.” Nat Genet 43(11): 1154-
1159. http://www.ncbi.nlm.nih.gov/pubmed/21946353.

Ma, X. F. and J. P. Gustafson (2008). “Allopolyploidization-accommodated genomic sequence
changes in triticale.” Ann Bot (Lond) 101(6): 825-832. http://www.ncbi.nlm.nih.gov/pub-
med/18252766.

Macaulay, E. C., H. E. Roberts, et al. (2014). “Retrotransposon hypomethylation in melanoma
and expression of  a placenta-specific gene.” PLoS One 9(4): e95840. http://www.ncbi.nlm.-
nih.gov/pubmed/24759919.

Macaulay, E. C., R. J. Weeks, et al. (2011). “Hypomethylation of  functional retrotransposon-
derived genes in the human placenta.” Mamm Genome 22(11-12): 722-735. http://
www.ncbi.nlm.nih.gov/pubmed/21874386.

Mallet, F., O. Bouton, et al. (2004). “The endogenous retroviral locus ERVWE1 is a bona fide
gene involved in hominoid placental physiology.” Proc Natl Acad Sci USA 101(6): 1731-
1736. http://www.ncbi.nlm.nih.gov/pubmed/14757826.

Mallet, J. (2007). “Hybrid speciation.” Nature 446(7133): 279-283. http://www.ncbi.nlm.nih.gov/
pubmed/17361174.

Margulis, L. and D. Sagan (2002). Acquiring Genomes: A Theory of  the Origins of  Species.
Amherst, MA, Perseus Books Group.

Matylla-Kulinska, K., H. Tafer, et al. (2014). “Functional repeat-derived RNAs often originate
from retrotransposon-propagated ncRNAs.” Wiley Interdiscip Rev RNA. http://
www.ncbi.nlm.nih.gov/pubmed/25045147.

Matzkin, L. M., S. Johnson, et al. (2013). “Preadult parental diet affects offspring development



34

20TH WORLD CONGRESS ON CONTROVERSIES IN OBSTETRICS,
GYNECOLOGY & INFERTILITY (COGI)

and metabolism in Drosophila melanogaster.” PLoS One 8(3): e59530. http://
www.ncbi.nlm.nih.gov/pubmed/23555695.

Meister, G. (1921). “Natural hybridization of  wheat and rye in Russia.” Journal of  Heredity 12:
467-470.

Micale, L., M. N. Loviglio, et al. (2012). “A fish-specific transposable element shapes the
repertoire of  p53 target genes in zebrafish.” PLoS One 7(10): e46642. http://
www.ncbi.nlm.nih.gov/pubmed/23118857.

Migicovsky, Z. and I. Kovalchuk (2012). “Epigenetic Modifications during Angiosperm Game-
togenesis.” Front Plant Sci 3: 20. http://www.ncbi.nlm.nih.gov/pubmed/22645573.

Morgan, D. O. (2006). The Cell Cycle: Principles of  Control, Sinauer Associates, Inc.
Morgante, M., S. Brunner, et al. (2005). “Gene duplication and exon shuffling by helitron-like

transposons generate intraspecies diversity in maize.” Nat Genet 37(9): 997-1002. http://
www.ncbi.nlm.nih.gov/pubmed/16056225.

Natarajan, A., G. G. Yardimci, et al. (2012). “Predicting cell-type-specific gene expression from
regions of  open chromatin.” Genome Res 22(9): 1711-1722. http://www.ncbi.nlm.nih.gov/
pubmed/22955983.

Nekrutenko, A. and W. H. Li (2001). “Transposable elements are found in a large number of
human protein-coding genes.” Trends Genet 17(11): 619-621. http://www.ncbi.nlm.nih.gov/
pubmed/11672845.

Noorali, S., I. C. Rotar, et al. (2009). “Role of  HERV-W syncytin-1 in placentation and main-
tenance of  human pregnancy.” Appl Immunohistochem Mol Morphol 17(4): 319-328. http:/
/www.ncbi.nlm.nih.gov/pubmed/19407656.

Pagan, H. J., J. D. Smith, et al. (2010). “PiggyBac-ing on a primate genome: novel elements,
recent activity and horizontal transfer.” Genome Biol Evol 2: 293-303. http://
www.ncbi.nlm.nih.gov/pubmed/20624734.

Parle-McDermott, A. and M. Ozaki (2011). “The impact of  nutrition on differential methylated
regions of  the genome.” Adv Nutr 2(6): 463-471. http://www.ncbi.nlm.nih.gov/pubmed/
22332089.

Pask, A. J., A. T. Papenfuss, et al. (2009). “Analysis of  the platypus genome suggests a tran-
sposon origin for mammalian imprinting.” Genome Biol 10(1): R1. http://www.ncbi.nlm.nih.-
gov/pubmed/19121219.

Payne, J. L. and A. Wagner (2014). “The robustness and evolvability of  transcription factor
binding sites.” Science 343(6173): 875-877. http://www.ncbi.nlm.nih.gov/pubmed/24558158.

Pembrey, M. E. (2010). “Male-line transgenerational responses in humans.” Hum Fertil (Camb)
13(4): 268-271. http://www.ncbi.nlm.nih.gov/pubmed/21117937.

Piriyapongsa, J. and I. K. Jordan (2008). “Dual coding of  siRNAs and miRNAs by plant
transposable elements.” RNA 14(5): 814-821. http://www.ncbi.nlm.nih.gov/pubmed/
18367716.

Piriyapongsa, J., N. Polavarapu, et al. (2007). “Exonization of  the LTR transposable elements
in human genome.” BMC Genomics 8: 291. http://www.ncbi.nlm.nih.gov/pubmed/17725822.

Prudhomme, S., B. Bonnaud, et al. (2005). “Endogenous retroviruses and animal reproduction.”
Cytogenet Genome Res 110(1-4): 353-364. http://www.ncbi.nlm.nih.gov/pubmed/16093687.

Renfree, M. B., E. I. Ager, et al. (2008). “Genomic imprinting in marsupial placentation.”
Reproduction 136(5): 523-531. http://www.ncbi.nlm.nih.gov/pubmed/18805821.

Renfree, M. B., A. T. Papenfuss, et al. (2009). “Eggs, embryos and the evolution of  imprinting:
insights from the platypus genome.” Reprod Fertil Dev 21(8): 935-942. http://
www.ncbi.nlm.nih.gov/pubmed/19874717.

Rote, N. S., S. Chakrabarti, et al. (2004). “The role of  human endogenous retroviruses in



35

December 4-7, 2014 • Paris, France

trophoblast differentiation and placental development.” Placenta 25(8-9): 673-683. http://
www.ncbi.nlm.nih.gov/pubmed/15450384.

Roy, D. M., L. A. Walsh, et al. (2014). “Driver mutations of  cancer epigenomes.” Protein Cell
5(4): 265-296. http://www.ncbi.nlm.nih.gov/pubmed/24622842.

Ruebner, M., P. L. Strissel, et al. (2013). “Reduced syncytin-1 expression levels in placental
syndromes correlates with epigenetic hypermethylation of  the ERVW-1 promoter region.”
PLoS One 8(2): e56145. http://www.ncbi.nlm.nih.gov/pubmed/23457515.

Sapienza, C. (1990). “Parental imprinting of  genes.” Sci Am 263(4): 52-60. http://
www.ncbi.nlm.nih.gov/pubmed/2146740.

Schmitz, J. and J. Brosius (2011). “Exonization of  transposed elements: A challenge and oppor-
tunity for evolution.” Biochimie 93(11): 1928-1934. http://www.ncbi.nlm.nih.gov/pubmed/
21787833.

Schoorlemmer, J., R. Perez-Palacios, et al. (2014). “Regulation of  Mouse Retroelement
MuERV-L/MERVL Expression by REX1 and Epigenetic Control of  Stem Cell Poten-
cy.” Front Oncol 4: 14. http://www.ncbi.nlm.nih.gov/pubmed/24567914.

Sekita, Y., H. Wagatsuma, et al. (2008). “Role of  retrotransposon-derived imprinted gene, Rtl1,
in the feto-maternal interface of  mouse placenta.” Nat Genet 40(2): 243-248. http://
www.ncbi.nlm.nih.gov/pubmed/18176565.

Shapiro, J. A. (2010). “Mobile DNA and evolution in the 21st century.” Mob DNA 1(1): 4.
http://www.ncbi.nlm.nih.gov/pubmed/20226073.

Shapiro, J. A. (2011). Evolution: A View from the 21st Century. Upper Saddle River, NJ, FT
Press Science.

Shapiro, J. A. (2013). “How Life Changes Itself: The Read-Write (RW) Genome.” Phys Life Rev
10(3): 287-323. http://www.ncbi.nlm.nih.gov/pubmed/23876611.

Sharma, A. (2013). “Transgenerational epigenetic inheritance: focus on soma to germline infor-
mation transfer.” Prog Biophys Mol Biol 113(3): 439-446. http://www.ncbi.nlm.nih.gov/
pubmed/23257323.

Shire, J. G. (1989). “Unequal parental contributions: genomic imprinting in mammals.” New
Biol 1(2): 115-120. http://www.ncbi.nlm.nih.gov/pubmed/2488703.

Shou, C., N. Bhardwaj, et al. (2011). “Measuring the evolutionary rewiring of  biological networks.”
PLoS Comput Biol 7(1): e1001050. http://www.ncbi.nlm.nih.gov/pubmed/21253555.

Slotkin, R. K. and R. Martienssen (2007). “Transposable elements and the epigenetic regulation
of  the genome.” Nat Rev Genet 8(4): 272-285. http://www.ncbi.nlm.nih.gov/pubmed/
17363976.

Smets, E. M., A. Visser, et al. (2006). “Novel biomarkers in preeclampsia.” Clin Chim Acta
364(1-2): 22-32. http://www.ncbi.nlm.nih.gov/pubmed/16139262.

St-Pierre, J., M. F. Hivert, et al. (2012). “IGF2 DNA methylation is a modulator of  newborn’s
fetal growth and development.” Epigenetics 7(10): 1125-1132. http://www.ncbi.nlm.nih.gov/
pubmed/22907587.

Stebbins, J., G.L. (1951). “Cataclysmic Evolution.” Scientific American 184(4): 54-59.
Stoye, J. P. (2009). “Proviral protein provides placental function.” Proc Natl Acad Sci USA

106(29): 11827-11828. http://www.ncbi.nlm.nih.gov/pubmed/19617545.
Sun, M. G., M. Sikora, et al. (2012). “Network evolution: rewiring and signatures of  conserva-

tion in signaling.” PLoS Comput Biol 8(3): e1002411. http://www.ncbi.nlm.nih.gov/pub-
med/22438796.

Susiarjo, M., I. Sasson, et al. (2013). “Bisphenol a exposure disrupts genomic imprinting in the
mouse.” PLoS Genet 9(4): e1003401. http://www.ncbi.nlm.nih.gov/pubmed/23593014.

Suzuki, S., R. Ono, et al. (2007). “Retrotransposon silencing by DNA methylation can drive



36

20TH WORLD CONGRESS ON CONTROVERSIES IN OBSTETRICS,
GYNECOLOGY & INFERTILITY (COGI)

mammalian genomic imprinting.” PLoS Genet 3(4): e55. http://www.ncbi.nlm.nih.gov/pub-
med/17432937.

Syvanen, M. (2012). “Evolutionary implications of  horizontal gene transfer.” Annu Rev Genet
46: 341-358. http://www.ncbi.nlm.nih.gov/pubmed/22934638.

Thornburg, B. G., V. Gotea, et al. (2006). “Transposable elements as a significant source of
transcription regulating signals.” Gene 365: 104-110. http://www.ncbi.nlm.nih.gov/pubmed/
16376497.

Uyar, A. and E. Seli (2014). “The impact of  assisted reproductive technologies on genomic
imprinting and imprinting disorders.” Curr Opin Obstet Gynecol 26(3): 210-221. http://
www.ncbi.nlm.nih.gov/pubmed/24752003.

van Dijk, M. and C. Oudejans (2013). “(Epi)genetics of  pregnancy-associated diseases.” Front
Genet 4: 180. http://www.ncbi.nlm.nih.gov/pubmed/24058367.

Villar, D., P. Flicek, et al. (2014). “Evolution of  transcription factor binding in metazoans -
mechanisms and functional implications.” Nat Rev Genet 15(4): 221-233. http://
www.ncbi.nlm.nih.gov/pubmed/24590227.

Wagschal, A. and R. Feil (2006). “Genomic imprinting in the placenta.” Cytogenet Genome Res
113(1-4): 90-98. http://www.ncbi.nlm.nih.gov/pubmed/16575167.

Walker, D. M. and A. C. Gore (2011). “Transgenerational neuroendocrine disruption of  repro-
duction.” Nat Rev Endocrinol 7(4): 197-207. http://www.ncbi.nlm.nih.gov/pubmed/
21263448.

Wang, J., N. J. Bowen, et al. (2009). “A c-Myc regulatory subnetwork from human transposable
element sequences.” Mol Biosyst 5(12): 1831-1839. http://www.ncbi.nlm.nih.gov/pubmed/
19763338.

Weaver, I. C. (2007). “Epigenetic programming by maternal behavior and pharmacological
intervention. Nature versus nurture: let’s call the whole thing off.” Epigenetics 2(1): 22-28.
http://www.ncbi.nlm.nih.gov/pubmed/17965624.

Weaver, J. R. and M. S. Bartolomei (2014). “Chromatin regulators of  genomic imprinting.”
Biochim Biophys Acta 1839(3): 169-177. http://www.ncbi.nlm.nih.gov/pubmed/24345612.

Weaver, J. R., M. Susiarjo, et al. (2009). “Imprinting and epigenetic changes in the early em-
bryo.” Mamm Genome 20(9-10): 532-543. http://www.ncbi.nlm.nih.gov/pubmed/19760320.

Weil, C. and R. Martienssen (2008). “Epigenetic interactions between transposons and genes:
lessons from plants.” Curr Opin Genet Dev 18(2): 188-192. http://www.ncbi.nlm.nih.gov/
pubmed/18339541%22.

Whitaker, J. W., G. A. McConkey, et al. (2009). “The transferome of  metabolic genes explored:
analysis of  the horizontal transfer of  enzyme encoding genes in unicellular eukaryotes.”
Genome Biol 10(4): R36. http://www.ncbi.nlm.nih.gov/pubmed/19368726.

Wilson, A. (1876). “Wheat and rye hybrids.” Edinburgh Botanical Society Transactions 12: 286-
288.

Woese, C. R. (2004). “A new biology for a new century.” Microbiol Mol Biol Rev 68(2): 173-
186. http://www.ncbi.nlm.nih.gov/pubmed/15187180.

Woese, C. R. and G. E. Fox (1977). “The concept of  cellular evolution.” J Mol Evol 10(1): 1-
6. http://www.ncbi.nlm.nih.gov/pubmed/903983.

Wohrmann, H. J., V. Gagliardini, et al. (2012). “Identification of  a DNA methylation-indepen-
dent imprinting control region at the Arabidopsis MEDEA locus.” Genes Dev 26(16): 1837-
1850. http://www.ncbi.nlm.nih.gov/pubmed/22855791.

Wutz, A. (2013). “Epigenetic regulation of  stem cells : the role of  chromatin in cell differen-
tiation.” Adv Exp Med Biol 786: 307-328. http://www.ncbi.nlm.nih.gov/pubmed/23696364.

Xie, D., C. C. Chen, et al. (2010). “Rewirable gene regulatory networks in the preimplan-



37

December 4-7, 2014 • Paris, France

tation embryonic development of  three mammalian species.” Genome Res 20(6): 804-
815. http://www.ncbi.nlm.nih.gov/pubmed/20219939.

Xie, M., C. Hong, et al. (2013). “DNA hypomethylation within specific transposable ele-
ment families associates with tissue-specific enhancer landscape.” Nat Genet 45(7): 836-
841. http://www.ncbi.nlm.nih.gov/pubmed/23708189.

Yamaguchi, S., L. Shen, et al. (2013). “Role of  Tet1 in erasure of  genomic imprinting.” Nature
504(7480): 460-464. http://www.ncbi.nlm.nih.gov/pubmed/24291790.

Yao, Y., A. M. Robinson, et al. (2014). “Ancestral exposure to stress epigenetically programs
preterm birth risk and adverse maternal and newborn outcomes.” BMC Med 12(1): 121.
http://www.ncbi.nlm.nih.gov/pubmed/25286408.

Young, J. M., J. L. Whiddon, et al. (2013). “DUX4 binding to retroelements creates promoters
that are active in FSHD muscle and testis.” PLoS Genet 9(11): e1003947. http://
www.ncbi.nlm.nih.gov/pubmed/24278031.

Zeh, D. W., J. A. Zeh, et al. (2009). “Transposable elements and an epigenetic basis for pun-
ctuated equilibria.” Bioessays 31(7): 715-726. http://www.ncbi.nlm.nih.gov/pubmed/
19472370.

Zhang, G. and S. Pradhan (2014). “Mammalian epigenetic mechanisms.” IUBMB Life 66(4):
240-256. http://www.ncbi.nlm.nih.gov/pubmed/24706538.




