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Introduction

• Function and Evolution of Placenta
–Major function is the transfer of nutrients,
oxygen, and waste between mother and off-
spring.

–Highly variable structure and form in mam-
mals, even though major function is con-
served.

–Likely arose before the origin of therian
mammals.

–Form relatively well characterized, but diver-
sity of molecular environment understudied.

–Role in the evolutionary interplay between
maternal and fetal strategies.

• Impacts on Human Health
–Humans possess a deeply invasive tro-
phoblast layer that can penetrate the my-
ometrium of the uterus [1].

–Defects in placental growth can lead to pre-
eclampsia, which can cause hypertension,
proteinuria, and mortality of mother and/or
infant [2].

–Pre-eclampsia has been seen in Pan
troglodytes [3], and Gorilla gorilla [4].

–Far higher incidence in Homo sapiens, with
as many as 4% of pregnancies United States
affected [2].

• Hypotheses
–Mechanisms of maintaining maternal-fetal
tolerance will be conserved.

–Altered expression of genes correlates with
invasiveness, and therefore pre-eclampsia

–Maternal/Fetal evolutionary strategies will be
reflected in gene expression patterns

Methods

• Fetal placenta tissue from 9 mammalian species collected; total
RNA isolated and sequenced using Illumina GA II with an average
read size of 150nt

• Additional mammalian placenta sequences obtained from SRA
• QCed using FASTQC, aligned using STAR, and quantified using
Cufflinks. Species missing suitable reference (Spider monkey, S.
galili, S. carmeli) were assembled using Trinity and annotated using
Diamond against the Human or Mouse transcriptome.

• Ensembl build 80 was the source of annotation.
• Enrichment in human and mouse were calculated using a type-III
anova, all other enrichments used Student’s t test.
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Figure 1: Species tree for organisms studied showing the
relationship between species. Silhouettes of species were
obtained from http://phylopic.org.

Human-specific Genes

Human Symbol Human Name FDR log2 FC
KISS1 KiSS-1metastasis-suppressor 0.00032 10.81

MALAT1 metastasis associated lung
adenocarcinoma transcript 1
(non-protein coding)

0.00019 10.10

CRH corticotropin releasing hor-
mone

2.1× 10−5 9.59

CGA glycoprotein hormones, alpha
polypeptide

1.9× 10−6 9.45

ALPP alkaline phosphatase, placen-
tal

2.1× 10−5 8.93

7SK 0.00053 8.62
HSD17B1 hydroxysteroid (17-beta) de-

hydrogenase 1
2.3× 10−8 8.60

PAPPA pregnancy-associated plasma
protein A, pappalysin 1

4.7× 10−9 8.49

ADAM12 ADAM metallopeptidase do-
main 12

8.4× 10−10 8.45

OLAH oleoyl-ACP hydrolase 9.7× 10−7 8.01

Table 1: 1:1 Human orthologous genes whose expression
changed on the human lineage as opposed to all other an-
alyzed species.

Primate-specific Genes

Human Symbol Human Name FDR log2 FC
FSTL1 follistatin like 1 0.0013 3.41
GNB2L1 guanine nucleotide binding

protein (G protein), beta
polypeptide 2-like 1

0.64 2.05

CORO1B coronin, actin binding pro-
tein, 1B

0.64 0.25

ATP1B1 ATPase, Na+/K+ transport-
ing, beta 1 polypeptide

0.64 0.21

ACTR3 ARP3 actin-related protein 3
homolog (yeast)

0.64 0.42
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Figure 2: 56 1:1 human ortholog genes expressed
(FPKM≥ 10) in placentas of all 14 species studied ordered
by median expression without housekeeping genes [5].
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Figure 3: PRSS16 is highly expressed and massively ex-
panded in L. africana, but not in D. novemcinctus. It is
currently unknown whether this high expression and ex-
pansion is a shared feature afrotherians.
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Figure 4: KISS1, which is implicated in pre-eclampsia, is
significantly more expressed on the human lineage in com-
parison to all other lineages eamined.
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Figure 5: Expression in log10(FPKM) of 1:1 H. sapiens
orthologs of Hormone Genes, Galectins, genes implicated
in pre-eclampsia (PE), and IGF-related genes. Empty lo-
cations indicate no detectable expression and/or no 1:1 H.
sapiens ortholog in that species.

Conclusions

• Expression resource of 14 species representing
the breadth of mammalia for future research.
• Lineage-specific expansions of gene families
and differential gene expression
• Components of annexin complexes, including
ANXA2, ANXA1, S100A11, and S100A10 are
expressed in all placentas examined, and ar-
gue for the evolution importance of annexins
in placenta function, where they likely estab-
lish maternal-fetal tolerance[6].
•We identified of multiple genes (CRH,
ADAM12, KISS1, PAPPA, IL1RL1, and
PLAC1) which are associated with pre-
eclampsia which have increased expression
on the H. sapiens lineage and may explain
larger proportion of pre-eclampsia observed
in humans.
• Placenta samples from additional species and
time points are needed to more completely un-
derstand the complex molecular milieu of the
developing placenta.
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The code and underlying data for this poster can
be found at

http://dla2.us/p/pv2016

http://phylopic.org
http://dla2.us/p/pv2016

