NOTE 1

Mice- LBR GT and LBR GT/GOF

Why we chose the LBR GT mice?

In mouse Primordial Germ Cells (PGCs), we found that Lamin B Receptor (LBR) is specifically upregulated in the nuclear envelop from late E 8.5 onwards, coincidental with the onset of global DNA demethylation. Alongside, PGC nuclei have a unique nuclear structure when compared to surrounding somatic nuclei, they have greater nuclear volume and the DAPI dense pericentric heterochromatin are located at the nuclear periphery, in accordance with LBR overexpression (Solovei I, Cell, 2013). Further, we observed that the upregulation of Lbr is also conserved in human PGCs.

LBR mutant (LBR GT) mice were previously reported to be infertile (Cohen TV, Hum. Mol. Gen, 2008), which is why we wanted to take a closer look at how LBR loss of function affects PGCs during epigenetic reprogramming and how this might impact fertility.

Mouse information-
LBR GT- Gene trap insertion into LBR locus generated in Colin Stewart’s lab in Singapore. 

The gene trap vector is inserted into exon 9 of LBR locus. The insertion predicts
that 1199 bp of Lbr remains resulting in the translation of the first 366 of the 616 amino acid full-length protein. The gene-trapped Lbr allele produces a fusion protein consisting of the amino terminal nucleoplasmic domain and the first
four transmembrane domains of LBR fused to beta-geo and lacking the C-terminal sequences downstream of exon 8. LBR is normally localized to the Nuclear envelop (NE) in wild-type cells and, the anti-LBR antibody detected a perinuclear staining pattern in wild-type PMEFs, which was not detected in gene-trapped PMEFs (Cohen TV, Hum. Mol. Gen, 2008). 

Lbr GT/GT phenotype-

Lbr GT/GT homozygotes phenocopy icj (ichthyosis) mice, which harbor a single point mutation in the Lbr gene, exhibiting embryonic lethality with incomplete penetrance, shortened post-natal lifespan, hydrocephaly and syndactyly, as well as chromatin atypia in the neutrophils. 

Attempts to breed Lbr GT/GT homozygotes were unsuccessful in our hands, and neither homozygous males nor homozygous females produced litters when intercrossed with heterozygous or wild-type mice which is why they were considered to be infertile (Cohen TV, Hum. Mol. Gen, 2008). 

In order to isolate a pure PGC population from LBR GT mice, we crossed the LBR GT mice with GOF mice. GOF are transgenic mice expressing GFP driven by the Oct4 promoter, which specifically expresses in PGCs.
Lbr GT/GT GOF mouse phenotype-

The GOF mice have a mixed genetic background, the Lbr GT however have a predominantly C57Bl6 make up. Although the Lbr GT/GT GOF mice largely exhibit identical phenotypes to the Lbr GT/GT mice (Fig. 2), they however also differ in some key aspects, which may be attributed to their background differences. 

Phenotypic similarities between Lbr GT/GT and Lbr GT/GT GOF mice-

1. Pre and peri-natal lethality, with ~ 50% showing embryonic lethality with incomplete penetrance.
2. Alopecia (complete hair loss).
3. Hydrocephaly 
4. Skeletal defects
5. Small size
6. Heterochromatin clumping in nuclei

Phenotypic differences between Lbr GT/GT and Lbr GT/GT GOF mice-

1. While the mean life span of Lbr GT/GT mice is approximately 2-4 weeks around ~20% survived upto 11 weeks (Cohen TV, Hum. Mol. Gen, 2008), the Lbr GT/GT mice have a mean life span of 4-8 months, however some mice lived longer than 10 months, despite severe skeletal defects and hydrocephaly.
2. Surprisingly, Lbr GT/GT GOF males and females are fertile.  When crossed with wildtype (wt) mice, Lbr GT/GT GOF gave birth to viable offsprings. 4 males and 3 females were all able to successfully breed when mated with wt mice. However, 6 females and 5 males did not plug, and interbreeding between Lbr GT/GT GOF females with Lbr GT/GT GOF males was unsuccessful.

Therefore, the Lbr GT/GT GOF mice that survive embryonic lethality are sturdier, live longer and show some recovery in fertility when compared with Lbr GT/GT mice.













A. Immunoflourescence  (IF) staining of Lbr GT/GT PGCs

To discern if Lbr GT/GT PGCs undergo epigenetic reprogramming and expression of important germ cell genes, we performed IF analysis with a few key antibodies.

Experiment-

Lbr GT/GT as well as Lbr GT/GT GOF gonads were isolated from male and female embryos at E11.5 and E13.5, IF was performed on cryosections. 

Results-
     
E11.5 

1. Lbr GT/GT PGC as well as somatic nuclei show heterochromatin clumping as observed by DAPI staining. The effect is more pronounced in PGCs, because wt PGCs usually have dispersed peripheral heterochromatin (Fig. 3). Additionally PGC nuclei appear to be smaller in size compared to control wt PGC nuclei.

2. Lbr GT/GT PGCs, have higher levels of H3K27me3 compared to neighbouring somatic cells, like their wt and heterozygous litter-mate controls (Fig. 4).

3. 5hmc is present and concentrated around heterochromatin Lbr GT/GT PGCs similar to that in wt PGCs (Fig. 4).


E13.5

Dazl and Vasa are expressed in Lbr GT/GT PGCs similar to Heterozygous litter-mate controls.














B. Transcriptional profile of LBR GT/GT GOF and wt GOF PGCs

Loss of Lbr is associated with transcriptional changes of muscle-related genes in myoblasts (Solovei I, Cell, 2013). Since Lbr is highly upregulated in PGCs, we wanted to learn if loss of LBR in a PGC context also alters transcription.

Experiment- 

PGCs were isolated from gonads of LBR GT/GT GOF and wt GOF embryos at E12.5 by FACs sorting for GFP. Samples were collected for two purposes, one set for RNA isolation and the other for PBAT (DNA methylation) analysis. RNA was isolated from the PGCs using the PicoPure kit and RNAseq libraries were generated from select samples (3X wt GOF and 5X Lbr GT/GT GOF females). 

Results- 

1. PGC numbers were largely comparable between Lbr GT/GT GOF and wt GOF controls. However 2 out of 6 Lbr GT/GT GOF gonads had fewer than 500 PGCs.  This may be due to incomplete penetrance of the phenotype.

2. Hierarchical clustering of the RNAseq data revealed that Lbr GT/GT GOFs did not cluster separately from wt GOF samples, and had a very similar transcription profile (Fig. 5).

3. Of the 19 genes that are misregulated in Lbr GT/GT GOF PGCs, when compared with wt GOF PGCs (p value 0.05, log Fold change >0.5), 6 genes are located in chromosome 1 where Lbr resides, whether this is due to the Gene trap itself is unclear.
                                               Gene name       Chr                  ko.wt$log2FC
ENSMUST00000030039       Fmn2          chr1                -0.9339414 ENSMUST00000131607      Arhgap30   chr1                 0.9656634
ENSMUST00000111235       Igsf9            chr1                -1.2597339
ENSMUST00000005003       Lbr               chr1               -1.6827596   ENSMUST00000043839       F11r            chr1                -1.1925257
ENSMUST00000111230      Tagln2         chr1                -1.2857178

In summary, Lbr GT/GT GOF PGCs, do not differ greatly from wt GOF PGCs transcriptionally, the few genes that are misregulated, do not point to any specific pathway nor are enriched for any GO category, with known relevance for germ cells. Although the nuclear morphology of Lbr GT/GT GOF PGCs is distinct from wt PGCs, it doesn’t appear to influence transcription much in a PGC context. However, this result does not preclude the possibility that DNA demethylation may be affected upon loss of Lbr, and leaves the question open regarding whether “escapee” regions escape demethylation or not, when the nuclear architecture and repeat element location is disrupted within the nucleus. 
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[bookmark: _GoBack]We have decided to terminate this project.  We hope to include some of our findings in a review article unless we can find a collaborator to pursue it further
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