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	Title
	Key points from abstract
	Reference

	Retroposed elements as archives for the evolutionary history of placental mammals
	“By computationally scanning more than 160,000 chromosomal loci and judiciously selecting from only phylogenetically informative retroposons for experimental high-throughput PCR applications, we recovered 28 clear, independent monophyly markers that conclusively verify the earliest divergences in placental mammalian evolution. Using tests that take into account ancestral polymorphisms, multiple long interspersed elements and long terminal repeat element insertions provide highly significant evidence for the monophyletic clades Boreotheria (synonymous with Boreoeutheria), Supraprimates (synonymous with Euarchontoglires), and Laurasiatheria. More importantly, two retropositions provide new support for a prior scenario of early mammalian evolution that places the basal placental divergence between Xenarthra and Epitheria, the latter comprising all remaining placentals.”
	(Kriegs et al., 2006) - experimental

	Deletion of Peg10, an imprinted gene acquired from a retrotransposon, causes early embryonic lethality
	“To elucidate the functions of evolutionarily conserved retrotransposon-derived genes in mammalian development, we produced mice that lack one of these genes, Peg10 (paternally expressed 10), which is a paternally expressed imprinted gene on mouse proximal chromosome 6. The Peg10 knockout mice showed early embryonic lethality owing to defects in the placenta. This indicates that Peg10 is critical for mouse parthenogenetic development and provides the first direct evidence of an essential role of an evolutionarily conserved retrotransposon-derived gene in mammalian development.”
	(Ono et al., 2006)

	Retrotransposon silencing by DNA methylation can drive mammalian genomic imprinting
	“We used comparative analysis to investigate the origin of genomic imprinting in mammals. PEG10 (paternally expressed 10) is a retrotransposon-derived imprinted gene that has an essential role for the formation of the placenta of the mouse. Here, we show that an orthologue of PEG10 exists in another therian mammal, the marsupial tammar wallaby (Macropus eugenii), but not in a prototherian mammal, the egg-laying platypus (Ornithorhynchus anatinus), suggesting its close relationship to the origin of placentation in therian mammals… tammar PEG10 is the first example of a differentially methylated region (DMR) associated with genomic imprinting in marsupials… a common origin of the DMR-associated imprinting mechanism in therian mammals…the first demonstration that DMR-associated genomic imprinting in eutherians can originate from the repression of exogenous DNA sequences and/or retrotransposons by DNA methylation.”
	(Suzuki et al., 2007) – sequence analysis

	Role of retrotransposon-derived imprinted gene, Rtl1, in the feto-maternal interface of mouse placenta
	“…retrotransposon-derived Rtl1 (retrotransposon-like 1), also known as Peg11 (paternally expressed 11), is essential for maintenance of the fetal capillaries, and that both its loss and its overproduction cause late-fetal and/or neonatal lethality in mice…”
	(Sekita et al., 2008)

	A placenta-specific receptor for the fusogenic, endogenous retrovirus-derived, human syncytin-2 
	“Syncytin-2 is an envelope gene from the human endogenous retrovirus FRD (HERV-FRD) co-opted by an ancestral primate host, conserved in evolution over >40 Myr, specifically expressed in the placenta, and with a cell-cell fusogenic activity…the human receptor for syncytin-2… Major Facilitator Superfamily Domain Containing 2 (MFSD2)… is conserved in evolution. An expression vector for MFSD2 confers fusogenicity to otherwise insusceptible cells upon transfection of syncytin-2. It also confers infectivity to syncytin-2 pseudotypes, consistent with this protein being the receptor for the ancestrally acquired HERV-FRD family of endogenous retroviruses. At variance with the human gene, neither mouse nor rat MFSD2 can mediate membrane fusion, which is consistent with the fact that the envelope-derived syncytin genes co-opted by rodents during evolution are not orthologous to the human syncytin genes. Remarkably, a real-time quantitative RT-PCR analysis of MFSD2 in various human tissues demonstrates specific expression in the placenta…”
	(Esnault et al., 2008) - experimental

	Retrotransposon silencing by DNA methylation contributed to the evolution of placentation and genomic imprinting in mammals
	“…evolution of two mammalian-specific traits, viviparous reproduction with a placenta and genomic imprinting, have been addressed by multiple studies of two retrotransposon derived, mammalian-specific genes. These gene targeting experiments in mice, together with recent comparative genomic analyses among three mammalian groups, suggest that extremely rare events; namely exaptations from retrotransposons, made crucial contributions to the establishment and diversification of mammals via placental formation…Comparative genomic analysis of various imprinted regions has also revealed that an imprinting control element essential  for parent-of-origin specific monoallelic expression of imprinted genes emerged in each of the imprinted regions, possibly by the insertion of exogenous DNAs, such as retrotransposons…We propose that the ability of germ line DNA methylation enabled the emergence of certain mammalian-specific features during the course of evolution.”
	(Kaneko-Ishino and Ishino, 2010) – genomic analysis

	Endogenous retroviruses in trophoblast differentiation and placental development 
	 “ERVs have coevolved with their hosts for millions of years and are recognized to contribute to genome plasticity, protect the host against infection of related pathogenic and exogenous retroviruses, and play a vital role in development of the placenta.”

	(Black et al., 2010) – literature review

	Hypomethylation of functional retrotransposon-derived genes in the human placenta 
	 “… identify hypomethylated gene promoters in the human placenta. Among the genes identified, the hypomethylation of an alternative promoter for KCNH5 was found to be restricted to the placenta and chorion. Complete methylation of this promoter correlates with a silenced KCNH5 transcript in embryonic tissues, including the amnion. Unusually, this hypomethylated promoter and the alternative first exon are derived from a SINE (AluY) retrotransposon. Examination of additional retrotransposon-derived gene promoters in the placenta confirmed that retrotransposon hypomethylation permits the placenta-specific expression of these genes. Furthermore, the lineage-specific methylation displayed by KCNH5, INSL4, and ERVWE1 revealed that dichotomous methylation establishes differential retrotransposon silencing between the extra-embryonic and embryonic lineages. The hypomethylation of the retrotransposons that regulate these genes, each of which arose during recent primate evolution, is consistent with these genes having functional roles that are unique to the invasive haemochorial placentas of humans and recent primates.”
	(Macaulay et al., 2011) – experimental

	Transposon-mediated rewiring of gene regulatory networks contributed to the evolution of pregnancy in mammals 
	 “We explored the gene regulatory landscape of mammalian endometrial cells using comparative RNA-Seq and found that 1,532 genes were recruited into endometrial expression in placental mammals, indicating that the evolution of pregnancy was associated with a large-scale rewiring of the gene regulatory network. About 13% of recruited genes are within 200 kb of a Eutherian-specific transposable element (MER20). These transposons have the epigenetic signatures of enhancers, insulators and repressors, directly bind transcription factors essential for pregnancy and coordinately regulate gene expression in response to progesterone and cAMP. We conclude that the transposable element, MER20, contributed to the origin of a novel gene regulatory network dedicated to pregnancy in placental mammals, particularly by recruiting the cAMP signaling pathway into endometrial stromal cells.”
	(Lynch et al., 2011) - RNA-Seq analysis

	From ancestral infectious retroviruses to bona fide cellular genes: role of the captured syncytins in placentation 
	“…discovery of genes derived from the envelope glycoprotein-encoding (env) genes of endogenous retroviruses that have been domesticated by mammals to carry out an essential function in placental development. They were called syncytins based on the membrane fusogenic capacity that they have kept from their parental env gene and which contributes to the formation of the placental fused cell layer called the syncytiotrophoblast, at the materno-fetal interface. Remarkably, the capture of syncytin or syncytin-like genes, sometimes as pairs, was found to have occurred independently from different endogenous retroviruses in diverse mammalian lineages such as primates--including humans--, muroids, leporids, carnivores, caviids, and ovis, between around 10 and 85 million years ago. Knocking out one or both mouse syncytin-A and -B genes provided evidence that they indeed play a critical role in placentation. We discuss the possibility that the immunosuppressive domain embedded within retroviral envelope glycoproteins and conserved in syncytin proteins, may be involved in the tolerance of the fetus by the maternal immune system. Finally, we speculate that the capture of a founding syncytin-like gene could have been instrumental in the dramatic transition from egg-laying to placental mammals.”
	(Dupressoir et al., 2012) – literature review

	The role of genes domesticated from LTR retrotransposons and retroviruses in mammals
	“Genes belonging to a sushi-ichi-related retrotransposon homologs (SIRH) family emerged around the time of the establishment of two viviparous mammalian groups, marsupials and eutherians. These genes encode proteins that are homologous to a retrotransposon Gag capsid protein and sometimes also have a Pol-like region. We previously demonstrated that PEG10 (SIRH1) and PEG11/RTL1 (SIRH2) play essential but different roles in placental development. PEG10 is conserved in both the marsupials and the eutherians, while PEG11/RTL1 is a eutherian-specific gene…”
	(Kaneko-Ishino and Ishino, 2012)

	Transposable element recruitments in the mammalian placenta: impacts and mechanisms 
	 “…frequent recruitment of TEs, in particular of retroelements, has facilitated the extreme diversification of tissues at the maternal-fetal interface…We argue that retroelements are pre-adapted to becoming cis-regulatory elements for host genomes because they need to utilize host regulatory signals for their own life cycle… the process by which one TE was transformed into a promoter for prolactin expression in the endometrium, describing a model for TE domestication called 'epistatic capture'.” 
	(Emera and Wagner, 2012b) – literature review

	Transformation of a transposon into a derived prolactin promoter with function during human pregnancy 
	“In humans two TEs--MER20 and MER39--contribute the enhancer/promoter for decidual prolactin (dPRL), which is dramatically induced during pregnancy. We show that evolution of the strong human dPRL promoter was a multistep process that took millions of years. First, MER39 inserted near MER20 in the primate/rodent ancestor, and then there were two phases of activity enhancement in primates. Through the mapping of causal nucleotide substitutions, we demonstrate that strong promoter activity in apes involves epistasis between transcription factor binding sites (TFBSs) ancestral to MER39 and derived sites…we note that evolution of human promoter activity coincides with the emergence of a unique reproductive character in apes, highly invasive placentation. Because prolactin communicates with immune cells during pregnancy, which regulate fetal invasion into maternal tissues, we speculate that ape dPRL promoter activity evolved in response to increased invasiveness of ape fetal tissue.”
	(Emera and Wagner, 2012a) -  

	Convergent evolution of endometrial prolactin expression in primates, mice, and elephants through the independent recruitment of transposable elements 
	 “Prolactin (PRL) is a multifunctional signaling molecule best known for its role in regulating lactation in mammals. Systemic PRL is produced by the anterior pituitary, but extrapituitary PRL has also been detected in many tissues including the human endometrium. Prolactin is essential for pregnancy in rodents and one of the most dramatically induced genes in the endometrium during human pregnancy. The promoter for human endometrial Prl is located about 5.8 kb upstream of the pituitary promoter and is derived from a transposable element called MER39. Although it has been shown that prolactin is expressed in the pregnant endometrium of a few mammals other than humans, MER39 has been described as primate specific…we show that endometrial Prl expression is not a shared character of all placental mammals, as it is not expressed in rabbits, pigs, dogs, or armadillos. We show that in primates, mice, and elephants, prolactin mRNA is transcribed in the pregnant endometrium from alternative promoters, different from the pituitary promoter and different from each other. Moreover, we demonstrate that the spider monkey promoter derives from the long terminal repeat (LTR) element MER39 as in humans, the mouse promoter derives from the LTR element MER77, and the elephant promoter derives from the lineage-specific LINE retrotransposon L1-2_LA. We also find surprising variation of transcriptional start sites within these transposable elements and of Prl splice variants, suggesting a high degree of flexibility in the promoter architecture even among closely related species…This is the first reported case of convergent evolution of gene expression through the independent recruitment of different transposable elements, highlighting the importance of transposable elements in gene regulatory, and potentially adaptive, evolution.”
	(Emera et al., 2012) – experimental

	Captured retroviral envelope syncytin gene associated with the unique placental structure of higher ruminants 
	“…endogenous retrovirus families, with one gene displaying both placenta-specific expression…Both the bovine and ovine orthologs displayed fusogenic activity by conferring infectivity on retroviral pseudotypes and triggering cell-cell fusion. In situ hybridization of placenta sections revealed specific expression in the trophoblast binucleate cells, consistent with a role in the formation--by heterologous cell fusion with uterine cells--of the trinucleate cells of the cow and the syncytial plaques of the ewe. Finally, we show that this gene, which we named "Syncytin-Rum1," is conserved among 16 representatives of higher ruminants, with evidence for purifying selection and conservation of its fusogenic properties, over 30 millions years of evolution…”
	(Cornelis et al., 2013) – in silico and experimental

	Paleovirology of 'syncytins', retroviral env genes exapted for a role in placentation 
	 “Indeed, syncytins are 'new' genes encoding proteins derived from the envelope protein of endogenous retroviral elements that have been captured and domesticated on multiple occasions and independently in diverse mammalian species, through a process of convergent evolution. Knockout of syncytin genes in mice provided evidence for their absolute requirement for placenta development and embryo survival, via formation by cell-cell fusion of syncytial cell layers at the fetal-maternal interface.”
	(Lavialle et al., 2013)

	Endogenous retroviruses function as species-specific enhancer elements in the placenta 
	 “we compared biochemically predicted enhancers in mouse and rat trophoblast stem cells (TSCs) and found that species-specific enhancers are highly enriched for endogenous retroviruses (ERVs) on a genome-wide level. One of these ERV families, RLTR13D5, contributes hundreds of mouse-specific histone H3 lysine 4 monomethylation (H3K4me1)- and histone H3 lysine 27 acetylation (H3K27ac)-defined enhancers that functionally bind Cdx2, Eomes and Elf5-core factors that define the TSC regulatory network. Furthermore, we show that RLTR13D5 is capable of driving gene expression in rat placental cells. Analysis in other tissues shows that species-specific ERV enhancer activity is generally restricted to hypomethylated tissues, suggesting that tissues permissive for ERV activity gain access to an otherwise silenced source of regulatory variation. Overall, our results implicate ERV enhancer co-option as a mechanism underlying the extensive evolutionary diversification of placental development.”
	(Chuong et al., 2013) - experimental

	Retroviruses facilitate the rapid evolution of the mammalian placenta
	“the co-option of ERV-derived regulatory elements could potentially lead to the incorporation of entire gene regulatory networks, which, I argue, would facilitate relatively rapid developmental evolution of the placenta. I suggest a model in which an ancient retroviral infection led to the establishment of the ancestral placental developmental gene network through the co-option of ERV-derived regulatory elements. Consequently, placental development would require elevated tolerance to ERV activity. This in turn would expose a continuous stream of novel ERV mutations that may have catalyzed the developmental diversification of the mammalian placenta.”
	(Chuong, 2013) - review

	The origin and evolution of genomic imprinting and viviparity in mammals
	“The DMR is established in the male or female germline (the gDMR). Comprehensive comparative genome studies demonstrated that two imprinted regions, PEG10 and IGF2-H19, are conserved in both marsupials and eutherians and that PEG10 and H19 DMRs emerged in the therian ancestor at least 160 Ma, indicating the ancestral origin of genomic imprinting during therian mammal evolution…genomic imprinting could evolve from a defence mechanism against transposable elements that depended on DNA methylation established in germ cells.”
	(Renfree et al., 2013) - review

	Ancient Transposable Elements Transformed the Uterine Regulatory Landscape and Transcriptome during the Evolution of Mammalian Pregnancy 
	 “We show that thousands of genes evolved endometrial expression during the origins of mammalian pregnancy, including genes that mediate maternal-fetal communication and immunotolerance. Furthermore, thousands of cis-regulatory elements that mediate decidualization and cell-type identity in decidualized stromal cells are derived from ancient mammalian transposable elements (TEs). Our results indicate that one of the defining mammalian novelties evolved from DNA sequences derived from ancient mammalian TEs co-opted into hormone-responsive regulatory elements distributed throughout the genome.”
	(Lynch et al., 2015) - 
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