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The hemochorial placenta is organized into functional compartments that are situated 
at the uterine and fetal interfaces. At the uterine interface trophoblast cells migrate into 
the uterus where they effectively transform the uterine vasculature and facilitate the 
delivery of maternal nutrients into the placenta. An essential transport/barrier function 
for maternal nutrient delivery to the fetus is provided by trophoblast cells interacting 
with the fetal vasculature at the fetal interface. In contrast to the mouse, the uterine-
placental interface is well developed in the rat and human. Trophoblast cells with 
invasive properties, arise from the junctional zone in the rat and a homologous structure 
in the human placentation site termed the extravillous trophoblast column, and migrate 
deep into the uterus. Thus, development of the junctional zone and the extravillous 
trophoblast column are vital to establishing the uterine-placental interface. Some 
insights into junctional zone development have arisen from mutagenesis of Plac1 and 
Phlda2 loci in the mouse. However, the mouse has limitations for investigating the 
uterine-placental interface. Consequently, in this study we examine the biology of 
PLAC1 and PHLDA2 in the rat. Plac1 and Phlda2 are differentially expressed in 
compartments of the placentation site over the course of gestation. To study the 
impact of PLAC1 and PHLDA2 on the uterine-placental interface we generated global 
loss-of-function rat models using CRISPR/Cas9 genome editing. Exon 3 of the Plac1 
gene and Exon 1 of the Phlda2 gene were independently targeted in separate 
experiments. CRISPR/Cas9 reagents were electroporated into embryonic day 0.5 rat 
zygotes. Zygotes were then transferred into the oviducts of pseudopregnant female 
rats. Offspring were screened by PCR and mutations confirmed by genomic DNA 
sequencing. A mutant Plac1 rat founder was generated with a 469 bp deletion that 
removed >95% of the Plac1 coding sequence and a mutant Phlda2 rat founder was 
produced containing a 103 bp deletion in Exon 1 resulting in a frameshift and a 
premature stop codon. Both mutations were effectively transmitted through the 
germline. Plac1 is an X-chromosome linked gene and Phlda2 is situated on 
Chromosome 1 and is paternally imprinted. Deficits in either gene did not affect 
postnatal survival; however, disruptions in Plac1 and Phlda2 did affect placental 
development. Plac1 null or inheritance of the maternal Plac1 mutant allele yielded 
placentomegaly. Specifically, the enlarged placenta was characterized by an 
expanded junctional zone, an irregular junctional zone-labyrinth zone boundary, and a 
compromised uterine-placental interface. Intrauterine interstitial invasive trophoblast 
cell migration was severely attenuated in Plac1 mutants. In summary, our 
experimentation confirms the involvement of PLAC1 and PHLDA2 in hemochorial 
placenta development and provides a new set of tools for investigating the roles of 
PLAC1 and PHLDA2 in an important model of deep placentation. PLAC1 and PHLDA2 
represent important entry points into molecular pathways controlling development of 
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