











8610 Nucleic Acids Research, 2019, Vol. 47, No. 16

A A Intron B A Exon - Alntron (no Al)
MesHMLE + miR-200c MesHMLE + miR-200c
5 Transcriptionally 5 Post-transc.
/ downregulated /downregulated
0
Transcriptionally/' — Post-transc. 7
upregulated 5 upregulated
5| H3K4me3 ‘ 5| H3K4me3
0 I ‘ i Il 0 » bl |
- ’ Spearman = 0.837 e Spearman =0.223
S - p = 1.56e132 GEJ -5 p =4.65¢7
E e
S S
£ °| H3K9-14ac £ | H3K9-14ac
[ )] il I
2 0 ’ g loppiesabylisbod
= \ Spearman = 0.821 E Spearman = 0.343
E -5 p =3.25e1% 2 s p=2.97e15
5 H3K27ac 5 H3K27ac
0 0 | . j'm‘_l_‘ﬂL_AxAJq‘. dha ,..J
Spearman = 0.736 Spearman = 0.281
-5 p =1.96e%¢ -5 p=16e10
5 H3K27me3 5 H3K27me3
ol ‘ ) o
Spearman =-0.671 Spearman =-0.207
-5| p=1.43e°° 5| p=2.88e°
Top 500 DOWN Top 500 UP Gene rank
Gene rank
C D
:
&
kS
w v s
Q v S
I 0.00 3 é
o
2 -0.05 § g 0.0 = 007 = 0
= -0.10 - AE AE-Al
E -0.15 :‘_: % i w No site
2 —-0.20 . ﬁo 6mer
% - S / e Ter
% b= 2 w— 8mer
5 >1 site
< - >2 sites
-4 -2 0 2 4 &% i >3 sites

MesHMLE+miR-200c Al

Figure 1. EISA effectively delineates transcriptional and post-transcriptional gene regulation. (A) The top 5% up- and down-regulated genes were ranked
according to the degree of transcriptional (AI) regulation after miR-200c-driven mesenchymal to epithelial transition. The relative enrichment of markers
of active (H3K4me3, H3K9-14ac, H3K27ac — green) and inactive (H3K27me3 — red) chromatin from ChIP-Seq is shown for each gene in the plot. The
red/green shading shows the mean of these measurements in a sliding window across 25 genes (plotting every Sth window). (B) As for (A), except that genes
are ranked according to AE — Al, and only for genes with little evidence of transcriptional regulation (Al <0.5). (C) EISA was used to plot genes that are
responsive to miR-200c on a AI:AE axis. Genes are coloured according to the strength of their direct miR-200c target (TargetScan) prediction; the deeper
the red colour, the stronger the prediction. (D) Cumulative distribution of gene expression fold changes in response to miR-200c expression in MesHMLE
cells as determined by (i) AExon, (ii) AExon-Alntron and (iii) Alntron (for genes with small AE — Al <0.5), genes are subcategorised according to whether
they are predicted to contain miR-200c target site(s) of the specified length (6-8mers) and number (0 to >3 sites). Pairwise Kolmogorov—Smirnov (K-S)
statistical tests (Supplementary Table S2) demonstrate that genes possessing longer or more target sites are progressively more repressed after miR-200c
expression when assessed by AExon or AExon-Alntron, but not Alntron. EISA (AExon — Alntron) further enhances statistical significance compared to
RNA-Seq (AExon).
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Figure 2. miR-200c directly co-ordinately regulates an EGF signalling network. (A) Putative direct miR-200c target genes were defined as genes in the top
1000 of all negatively post-transcriptionally regulated genes (AE — AI) that are also in the top 1000 of all predicted miR-200c targets (by TargetScan or
microT-CDS). The 10 highest fold enrichments over background for the top ranking gene ontologies are indicated. Black columns represent alternate entries
for the EGFR signalling pathway within the GoPanther Gene Ontology database. (B) Overlap between the 1000, 500 and 200 most post-transcriptionally
downregulated genes in response to miR-200c and all miR-200c targets that are predicted by both the targetscan and microT-CDS algorithms. (C) 3'UTR-
luciferase reporter assays for representative putative miR-200c targets within the EGF signalling network indicate multi-component targeting. Black bars
indicate transfection of a control miRNA sequence. Gray bars indicate miR-200c co-transfection. Error bars represent standard deviation, * denote sig-
nificant (P < 0.05) downregulation of the reporter in response to miR-200c as calculated by z-test. (D) Network representation of miR-200c target genes
(shaded blue) within the signalling network downstream of the EGFR. Major signalling pathways leading to AKT (blue outline) and ERK (red outline)
activation are adapted from KEGG pathway #04012. Edges connecting nodes represent protein-protein interactions (PPI) from the Integrated Interactions
Database (IID) that are supported by experimental evidence. Darker blue shading indicates targets that were more strongly suppressed in 3’ UTR luciferase
assays. (E) MesHMLE cells were stimulated with EGF and the activation of EGFR, AKT, MEK and ERK (or total protein) were assessed by western
blotting in the presence or absence of miR-200c expression.
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