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Position-wise minimal energy profile

The following plots give us insights into the overall circRNA-miRNA interaction abundance. A minimal
energy profile is provided for both sequences of both miRNA and circRNA, taking RNA-RNA interaction in
consideration.

Figure-14 Minimal energy profile is provided for miRNA sequence

Figure-15 Minimal energy profile is provided for Circular RNA sequence representing sponge interaction.
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Minimal energy per query-target index pair
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Figure-16 Heatmap visualization of the minimal energy for each non-coding RNA in the sponge

Cas9 Modelling results

The geometry of the resulting model is regularized by using a force field. The global and per-residue model
quality has been assessed using the QMEAN scoring function. For improved performance, weights of the
individual QMEAN terms have been trained specifically for SWISS-MODEL. Models were selected based
on their sequence identity as well as Swiss-MODEL quality assessment parameters GMQE and QMEAN4.

Local Quality Estimate: Chain A

Comparison with Non-redundant Set of PDB Structures
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Figure-17 Quality estimation plots based on SWISS-MODEL parameters for Cas9
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Table-4 Docking scores of both complexes using HADDOCK

Complex Cas9.gRNA Cas9.gRNA:Target DNA
Cluster Cluster

HADDOCK score -75.64 +/- 22.9 -340.7 +/- 23.9

clusters 13 17

Total Interaction energy(Kcal mol-1) 1.0 +/- 0.6 6.3+/-2.1

VVan der Waals energy(Kcal mol-1)  |-66.7 +/- 19.5 -97.3+/-14.1

Electrostatic Energy(Kcal mol-1) -284.4 +/- 21.7 -342.0 +/- 73.6

Desolvation energy(Kcal mol-1) 20.6 +/-4.0 -201.2 +/- 14.6

Restraints violation energy(Kcal mol-
1)

273.9 +/- 32.63

262.1 +/- 60.51

Buried Surface area

1912.6 +/- 303.2

2785.3 +/- 168.1

Z-Score

-2

-2

For Cas9.gRNA docking, HADDOCK clustered 105 structures in 13 cluster(s), which represents 52.5 % of
the water-refined models that were generated by HADDOCK. Note that currently the maximum number of
models considered for clustering is 200. While for Cas9.gRNA: Target DNA docking, HADDOCK clustered
107 structures in 12 cluster(s), which represents 53.5 % of the water-refined models were generated by

HADDOCK.

Docking Results analysis

HADDOCK score [a.u.]

-50

-100

HADDOCK score vs i-I-RMSD

4 Cluster 1
4 Cluster 2
4 Cluster 3
Cluster 4
4 Cluster 5
4 Cluster 6
4 Cluster 7
Cluster 8
4 Cluster 9
4 Cluster 10
4 Cluster 11
4 Cluster 12
4 Cluster 13

v -;.‘%* i
- - Chal |
.* } BT
- - o o e -‘-'
: .;.°.
b{:. ) U-- i-
0 10 20 30 40 50 60 70
i-—-RMSD [A]

HADDOCK score [a.U.]

-300 -200 -100

-400

HADDOCK score vs i-I-RMSD

.t
o 8
NS
'
LY

—b—

M. o, .
e *
L2l

4 Cluster 1
4 Cluster 2
4 Cluster 3
Cluster 4
4 Cluster 5
4 Cluster &
4 Cluster 7
Cluster 8
4 Cluster @
4 Cluster 10
4 Cluster 11
A Cluster 12

20 30 50 60

i~I-RMSD [A]

40

Figure-18 The clusters (indicated in color in the graphs) are calculated based on the interface-ligand
RMSDs calculated by HADDOCK, with the interface defined automatically based on all observed contacts
to the left is Cas9.gRNA Cluster and to the right is Cas9.gRNA:Target Cluster of lowest energy
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Figure-20 PyMol visualization of Modelled Structures of cas9, gRNA and cas9.gRNA docked complex
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Figure-21 PyMol visualization for cas9: gRNA docked to Target DNA to identify cas9 cleavage of target
DNA
Network Modelling Results

The ceRNA network and its graphical representation helped us to interpret the interaction mechanisms and
signalling of circRNAs, miRNAs, and regulated mRNAs that have significant association to circRNAs

regulatory role in HCC.
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Figure-22 Regulatory network of circular RNA ceRNA network was constructed using Cytoscape 3.5.1 [43].
Network analysis mir-1825 targets network and circ-000064 associated miRNAs suggested the TRIM2
tumor suppressor which we used to experimentally assess the regulatory function of ceRNA network.
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Wet Lab Results

Gel electrophoresis of amplified Fragments

Figure-23 Agarose gel electrophoresis of amplified Fragments of first genetic construct (non-CRISPR-
based): Lane 1: MW marker 500bp-10.000bp), Lane 2: Fragment 1 (CMV promoter +CMV enhancer), Lane
3: Fragment 2 (Laci+miRNA binding site+SVpoly A) , Lane 4: Fragment 3(Lac promoter +Lac o+YFP+ Poly
A signal), Lane 5: Fragment 4(cag promoter) at 1108bp, Lane 6: Fragment 5(hsa_circ_0000064+
terminator).

500

Figure-24 Agarose gel electrophoresis of amplified Fragments of second genetic construct (CRISPR-
based): Lane 1: MW marker 500bp-10.000bp), Lane 2: Fragment 1 (U6 promoter + gRNA Target + gRNA
scaffold + SV40 Terminator), Lane 3: Fragment 2(2[CMV enhancer CMV promoter + T7 promoter), Lane 4
Fragment 3(cas9; BBa_K1218011), Lane 5 Fragment 4(CYC1 Terminator), Lane 6: MW marker 500bp-
10.000bp).
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Competent E coli Transformation

Figure-25 (Left to right) the first plate represents E-coli colony growth (+ve plasmid expressing
hsa_circ_0000064, so E.coli can grow in LB with ampicillin due to AMPR gene. The second plate represents
Marked E-coli colony growth (+ve plasmid expressing cas9 and vector carrying hsa_circ_0000064 and
homology directed arm, so E.coli can grow in LB with ampicillin due to AMPR gene. The third plate
represents E-coli colony growth (-ve plasmid) so E.coli cannot grow in LB media which contain ampicillin.

HepG2 transfection with CRISPR and non-CRISPR-based genetic construct or empty vector
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Figure-26 Assessment of transfection efficiencies. Cells were visualized 48 hours post-transfection under
phase contrast microscope (A): Negative control (transfection with empty vector); (B): HepG2 transfected
with genetic construct expressing hsa_circ_0000064: Shows decrease in cell count: Exogenous expression
of hsa-circ-0000064 induces apoptosis in HepG2 cells. Phase contrast of the HepG2 cells two days after
transient transfection with hsa-circ-0000064 expressing vector; (C):HepG2 transfected with genetic
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construct expressing Cas9 and pFETCh_vector expressing hsa_circ_0000064 and HDR shows marked
apoptosis.
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48 h after transfection, marked decreases in HepG2 cell counts and viability were observed by inverted
microscopy. All the experimental conditions induced a cell-death phenotype that could be easily
distinguished from control, indicating cell death after transfection with hsa-circ-0000064 via CRISPR and
non-CRISPR-based genetic constructs with marked efficacy of CRISPR based genetic construct.

Expression of hsa_circ_0000064-miR-1285-TRIM2 mRNA in HEPG2 cell line after transient
expression of hsa_circ_00064 via CRISPR and non-CRISPR- based genetic constructs

Our results showed that the up-regulation of hsa_circ_0000064, after transfection, was significantly
associated with inhibition of miR-1285 expression (about 4 folds less) and up-regulation of TRIM2
MRNA which in turn inversely correlated with the cellular viability and the number of living HepG2 cells.
These results indicate that hsa_circ_00064 may mediate TRIM2 up-regulation and subsequently show toxic
effect in HCC cells. The present study showed that the CRISPR-based genetic circuit showed a markedly
significant increase in hsa_circ_0000064 expression than that induced by non-CRISPR-based method.
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Figure-27 Box plot analysis representing the effect of HepG2 cell transfection with CRISPR- and non-
CRISPR- based genetic constructs or a control on the relative expression of the chosen genes by
gPCR. (A) Hsa circ_0000064; (B) miR-1285-3p; (C) TRIM2mRNA. The results are expressed as the
means+SD. *P<0.05

Flow Cytometery

It seems that has-circ-0000064 overexpression induces apoptosis via acting as sponge to miR-1285,
resulting in up regulation of TRIM2 protein. TRIM2 functions as an E3 ubiquitin ligase that directs
proteasome-mediated degradation of target proteins. Thus, it controls the apoptotic response acting as
tumor suppressor gene.
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Figure-28 Flow cytometric analysis of HepG2 after transient transfection with hsa-circ-0000064 expressing
vector or backbone. The cells overexpressing hsa-circ-0000064 showed accumulation of TRIM2 protein
with mock. A: HepG2 transfected with CRISPR-based genetic construct; B: HepG2 transfected with non-
CRISPR based genetic construct; C: Negative control; D: Positive control.

Immunohistochemical staining

Representative result of IHC staining of TRIM2 protein after transient transfection of has-circ-0000064
expressing vector mock in HepG2 cells. D. IHC staining of HepG2 cells after co-expression of hsa-circ-
0000064 expressing vector shows the brightness of TRIM2 protein prominently in the HepG2 cells
transfected with either CRISPR- or non-CRISPR-based genetic construct.
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Figure-29 Immunohistochemical staining of HepG2 after transient transfection with hsa-circ-0000064
expressing vector or backbone. The cells overexpressing hsa-circ-0000064 showed accumulation of TRIM2

protein with mock. A: HepG2 transfected with CRISPR-based genetic construct; B: HepG2 transfected with
non-CRISPR-based genetic construct; C: Positive control; D: Auto fluorescence.

Discussion

Given the intricate interplay among the diverse RNA species, our team this year modified last year's
proposal with the application of CRISPR to knock-in our CircRNA gene into the genome of the HCC cell
lines. RNA transcripts, like the long non-coding RNA and circular RNA, act as competing endogenous RNAs
(ceRNAs) or natural microRNA sponges as they communicate with and co-regulate each other by
competing for binding to shared microRNAs; a family of small non-coding RNAs that are important post-
transcriptional regulators of gene expression. This regulation is scientifically effective way in manipulating
critical roles in both normal physiology and tumorigenesis. miRNAs were revealed to repress their target
genes via binding imperfectly to miRNA response elements (MREs) on the 3 ' untranslated regions (3 ' -
UTRs) of target RNA transcripts and reducing expression of their target proteins either by mRNA breakdown
or translational repression. Because each miRNA could target hundreds of genes and vice versa, each
gene can be targeted by many miRNAs; such molecules are critically mentioned in the fine-tuned regulation
of gene expression. RNAs functioning as in this course are named ceRNA. CeRNAs having common MREs
can compete for binding of miRNA. It was suggested that these ceRNAs can talk to each other via their
ability to compete for binding of miRNA. This cross-talk produces comprehensive cis and Trans organizing
communication across all the transcriptome. Moreover, ceRNA networks further depend on the subcellular
dispersion and tissue particularity of RNAs and miRNAs found in a specific cell type at a specific. The
concentration of miRNAs is an important factor for ceRNA activity. If there are a less number of miRNAs
than their targets, the ceRNA activity is reduced as the targets will remain largely unrepressed. Also, if there
are more miRNAs as compared to their targets, there would have been no cross- regulation due to almost
a universal repression of the targets regulating gene expression. Most circRNAs have been demonstrated
as being tissue specific [10]. An example of the effect of circRNA-miRNA interaction is a study that
evaluated the expression profile of human circRNAs in HCC tissues and identified circMTO1 (mitochondrial
translation optimization homologue; hsa_circRNA_0007874/hsa_circRNA_104135) as being significantly
down-regulated in HCC tissues. Bad prognosis and survival rate was detected in patients with low
circMTOL1. Via a biotin-labeled circMTO1 probe to preform RNA in vivo precipitation in HCC cells. Dan Han


http://dx.doi.org/10.1101/288381
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint first posted online Mar. 25, 2018; doi: http://dx.doi.org/10.1101/288381. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license.

This work was assessed during the iIGEM/PLOS Realtime Peer Review Jamboree on 23rd February 2018
and has been revised in response to the reviewers’ comments

et al. identified miR-9 as the circMTO1-associated miRNA. It was also proven that circMTO1 suppresses
progression of HCC by sponging miR-9 and thereby promoting p21 expression [47]. Acting in a ceRNA
manner, circular RNA has_circ_0001564 has been proved to regulate mir-29¢c-3p in a sponge manner,
which have significant role for regulating tumorigenicity in osteosarcoma [48]. Has_circ_0010729 have
been shown to act through a ceRNA that includes mir-186/HIF-1a axis regulating apoptosis and proliferation
of endothelial cells [49].

The association between circRNAs and cancer has been indicated in several recent studies mainly because
of the major role that miRNAs play in gene regulation and cancer development. Therefore, there is a wide
field of research open to new discoveries and validation of circRNA-miRNA-MmRNA pathways, mainly
related to cancer diagnosis and therapeutic treatments. This project provides a comprehensive comparison
of genetic regulation effectiveness between competing endogenous RNA networks ceRNA versus CRISPR
based genetic repair circuits.

Conclusion

In this study, we adopted an integrative approach combining in silico data analysis with experimental
validation. For the first time, we examined a set of HCC-related genes, cirRNA-miR-mRNA, linked to
apoptosis. Based on the aforementioned findings, a reasonable interpretation of our hypothesis is
that hsa_circ_0000064 competes with miR-1285 modulate the expression of TRIM2 mRNA that is closely
linked to apoptosis pathway in liver. Interestingly, introducing this hsa_circ_0000064 into HCC cell line by
CRISPR-based method seems to be more efficient than simply introducing plasmid transiently
expressing hsa_circ_0000064 that may be promising therapeutic strategy for HCC.
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