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Abstract

on the evolution and structure of the host genome. LINE-1s are a major group of retrotransposons that have the

Retrotransposons make up more than 40% of the mouse genome and have a significant impact

ability to autonomously transpose. Despite the potential for gene toxicity, LINE-1s are highly activated dur-
ing the early stages of embryo development. In the study, LIN and colleagues have identified a subset of young
LINE-1s, called L1Md _Ts, that are marked by ELL3 and function as enhancers in naive mouse ESCs (embryonic
stem cells). Depletion of ELL3 results in a loss of ShmC, an increase in H3K27ac, and an up-regulation of genes
near the L1Md_Ts. Specifically, ELL3 occupies and represses an enhancer within Akt3, which is a key regulator
of the AKT pathway. ELL3 is essential for proper ERK activation in both mouse ESC and pre-implantation em-

bryos. This study reveals the significance of ELL3 in governing the enhancer function of L1IMd_Ts in the regula-

tion of pluripotency in ESC.
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A: pie chart showing the percentage of LIMd_T and L1Md_Gf overlapping with ELL3 peaks. B: volcano plot of differentially expressed retrotranspo-
sons after £//3 KO with red dots representing upregulated retrotransposons (FC=1.5; P<0.05) and blue dots representing downregulated retrotranspo-
sons (FC<-1.5; P<0.05). C: violin plot showing the expression FCs of the genes nearby the ELL3 bound LIMd_Ts and LIMd_Gfs, the ELL3 free full
length LIMd_Ts and LIMd_Gfs, and the ELL3 bound non-retrotransposons (non-REs) after £//3 KO (within 50 Kb). The horizontal line across the box
represents the median value. D: KEGG pathway enrichment analysis for the genes differentially expressed after £//3 KO. E: IGV browser tracks show-
ing the RNA-seq signals of RNAs from the X/r family genes in WT and E//3 KO mESC. IGV browser tracks showing the ChIP-seq tracks for ELL3 at
the entire X/r locus.

Bl ELL3@IEIESLIMA THARIEILIMA TR EMELRE R B 1E% 8 S EE[16])
Fig.1 ELLS3 directly binds to the LIMd_T, resulting in the repression of both LIMd_T and the adjacent genes

(modified from reference [16])
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A: schematic of Akt3 gene activation by dCas9-VP64 targeting the Akt3_L1 specifically. B: Western blot analysis for HA-VP64 can be detected in
mESC after lentiviral transduction of the dCas9-VP64 vectors. C: HA ChIP-qPCR demonstrates that specific sgRNA can guide HA-tagged VP64 to
target and bind Akt3_L1. D: H3K27ac ChIP-qPCR at Akt3 L1, XIr L1, Aldhla2 L1 and Reg2 L1 after Akt3_L1 CRISPRa. E: RT-qPCR showing the
RNA levels of LIMd T, Akt3, Xlr5a, Aldhla2 and Reg?2 after Akt3_L1 CRISPRa. B-E: data are the mean+SEM from three independent experiments. #-
tests were performed. **P<0.01, ***P<0.001, ns=not significant. F: IGV browser shows ChIP-seq signal tracks for H3K27ac and hMeDIP-seq signal
tracks at Akt3 L1 and Aldhla2 L1. Multi-mapped reads were used for the analyses. A zoom-in view from the virtual-4C showing the interaction of
promoters of Akt3 and Aldhla2 to Akt3_L1 and Aldhla2 L1, respectively. Blue bars indicating the view points, and orange bars indicating the putative
enhancer regions. G: browser view of ELL3 ChIP-seq and 4C data at Aldhla2, bins on 4C corresponding to Hind III fragments. Multi-mapped reads
were used for the analyses.

B2 #ZRBESmESCHELL3GAMLIMA_TAGERE TR BURIEBE S E CHk[16])
Fig.2 The ELL3-regulated L1Md_T serve as enhancers in naive mESC (modified from reference [16])
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FEos e b AT I £6PD0325901 2 P LU | ERKIE B . {3 HIGAPDHAE N S HOW . B: Alluvial B % 7< ENI3 KORZIR | — B 70 A A An S 2L I (1)
WO B (L), DAJFAALTE )G — S8 S g 25 b DR 1 TR R (I ) (e D). PR R T SZEN3 KOS AN R 28 5 B K F Th BB« RNA-seq
AL B R WTHIENS KO mESCAEFARL R 5 Cdhrl . Syepl. Pitx2. Grbl0. Nanog. Esrrb. Stmn3H1Pex1Ib{FIRNAKF (£ El). 24 {di 1
) 2 M — BB flireads. C: 3748 BLR 7R /N ROIIBEATE(00) JEAZ(PN). 24T AR IR (2C) 44 ML A i (4C) 84T R i (SC) AN IR B (M) Akt 1
Akt2 Ak 3IIRNAIKF AL . D Frek B R AR B B BN R CE BD P EEAM L. % 240G . 44nifaitin . s4nfa it ia
HGH P ELLIIIRNATK A o E: S e (0 R AE /N AT IR AT IR I 1A R B B RELL3 8 € A7 . FuG: FZR B R 0 IR RIETS KDI¥2C
WG (FYFN#ERR(G)HEN3 LIMd T Akt3FILIMd_GfffIRNAZKF-. H: e Yot UG ot [ ZH A EN3 KDZERE - AK T3 Flp-ERK1/2ff17KF, LA
FMK220640HE 1T LA 431 5 El3 KDFERR A pERK1/2(¥17K . FH 2k & SR &4 AK T3 Rlp-ERK 1/2 1975 658 1 (45 )«

A: Western blot analysis showing protein levels of AKT1, AKT2, AKT3, p-AKT1/2/3, p-RAF S259, ERK, p-ERK1/2 in WT, E/I3 KO and Akt3
KD mESC. Indicated cells were treated with PD0325901 to inhibit ERK pathway. As a loading control, GAPDH was used. B: alluvial plot show-
ing that E//3 KO impairs the induction of a subset of the primed signature genes (in red), and the down-regulation of some of the naive mark
genes after FA treatment (in blue) (left panel). Functional annotation of affected genes by E//3 KO in each class are shown (middle panel). IGV
browser tracks showing the RNA-seq signals of Cdhri, Sycpl, Pitx2, Grbl0, Nanog, Esrrb, Stmn3 and Pex11b in WT and E//3 KO mESC before
and after FA treatment (right panel). Uniquely mapped reads were used for the analysis. C: line graphs showing changes of 4ktl, Akt2 and Akt3
RNA level in mouse oocyte (OO), pronucleus (PN), 2 cell embryo (2C), 4 cell embryo (4C), 8 cell embryo (8C) and morula (M). D: line graphs
showing changes of ELL3 RNA in human (left panel), rhesus macaque (middle panel) and mouse (right panel) oocyte, pronucleus, 2 cell embryo,
4 cell embryo, 8 cell embryo and morula. E: representative immunostaining showing ELL3 localization in murine pre-implantation embryos at
different stages. F,G: box plots showing the RNA expression levels of Ell3, LIMd T, Akt3 and LIMd _Gf in control and ElI3 KD 2C embryos (F)
and blastocysts (G). H: representative immunostaining images showing the levels of AKT3 and p-ERK1/2 in control and E/I3 KD blastocysts
with or without MK2206 treatment. Box plots of the fluorescence intensity of AKT3 and p-ERK1/2 in each group (right panel).

B3 ELL3%F/NRESCFMENRTIER WERKIE L3505 E X EB(HIRIEK B S%E 3Hk[16])
Fig.3 ELLS3 is essential for proper ERK activation in both mouse ESC and pre-implantation embryos
(modified from reference [16])
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Fig.4 Model showing how ELLS3 affects naive-primed transition via its connection to the L1IMd_T-AKT3-ERK pathway
(modified from reference [16])
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