Generation of a Live Cell Imaging System to Investigate X-linked mRNA Expression Dynamics during Immune Responses
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Introduction Methodology

* Protein synthesis is regulated naturally or manipulated in lab. DNA is either accessible for L —— « Transcription dynamics and regulation are visualized with - T : * Gene silencing can be conducted using

transcription or inaccessible (heterochromatin); accessibility is modulated by DNA’s interactions with _F confocal microscopy, and quantitative imaging data are i RNA interference (RNAI) pathways.

histone proteins. Heterochromatin forms when histone tails are modified via methylation. l collected during live imaging. Ly (55 } e 2N « RNAi system occurs naturally to resist
o ¥X- i ivati i i i ' * CRISPR-Cas9 is used to edit DNA—the mechanism in bacteria o - m— :

moalances within it Bonome. And 1ogautor gone expression. Gonomic mbslanve may couse| | 7 e S begis with spacer acquiiton. criA s then procsse s i T A e nutlere s the mechaniom

e e Soore and o8 . as tracrRNA binds to the sequence. Cas9 cuts these u.m M.M pathogenic nucleic aci -S, e mec anism

ystune Y . 4 P cations. - .. . . . fragments and integrates itself. The PAM sequence is KA el uses both small interfering RNAs

* XCl occurs as a non-coding RNA, the X mactlvatlon.speuﬁf: transcript (Xist), Foats the X-chromosome 3. — e recognized, and a double-strand break occurs at the site. gmgmia‘sétf':&; | (siRNAs) and microRNAs.

to compact the chromosome into a barr body. DNA is inactivated by methylation. — T Either a homology- dlrected repair or non-homologous end RISC "stuck” on target A0 « RNAI is triggered by foreign and viral DNA
* XCI maintenance was found to be diverse among single cells, cell types, and other species members. W Joining occurs. L e el Cytoplasm or double-stranded RNA, transposons

It functions differently in immune cells, as evidenced by varying patterns of Xist RNA localization. CRISPR-mediated edit to insert donor vector :

— n, I|r® ||r® RNAI pathway (National Library of Medicine) or pre—microRNAS.
e 4 A4 * RNA transcript is spliced into mRNA and enters the cytoplasm. Double-stranded precursors bind to an
RNase Il enzyme, dividing the RNA. The guide strand binds to argonaut to form RNA-induced silencing

* We are investigating this XCl and escape phenomenon as it relates to immunity. In XX organismes, ‘ COhfirm successful editihgi gDNA samples from e?ch gene.-Speci-fic
instances of autoimmune diseases, such as rheumatoid arthritis, are much more prevalent than in ed':ed ngTt,de (arel run in a pOIKI';‘:r;ase Cga';‘ reac;'or(‘f m)ac+h'”e with

. . . . . . +
their XY counterparts. The tendency of some X-chromosomes to escape inactivation is hypothesized water, polymerase >/, and forward {Tw) =+ reverse

(rv) primers. Product is loaded through 1% Agarose gel to verify whether e HDR complex (RISC). siRNAs lead RISC to mRNA strands according to their sequences; argonaut cleaves
to influence rates of autoimmune diseases in XX organisms. the vector was inserted.determined by oresence of bands ot correct rempltengrton mRNA, causing it to degrade. microRNAs behave similarly, with imprecise targeting.
"2 ko bl distance between primers on each homology arm (LHA/RHA). Bands K < ] * RNAi is induced experimentally by introducing double-stranded RNAs or RNA loops. Experiments will
e B9 were separated by polarity and compared to a DNA ladder with base - L i use siRNAs in immune cells to target the transcription of specific proteins and induce XCl/escape.
Lo i) Neom e g oair distances labeled. DTA (toxin) and control were tested. \ T . BNAl to _unsnlen.ce an X-chromosome for both modeling escape and comparing the control (aft.er
- Several genotyping trials were performed to validate 68 colonies. - A introducing an immune challenge). The goal is to explore a new methodology to knock down Xist
. Various distances were attempted; multiple bands/smearing occurred, in immune cells. ) onc o . ;
’ - ene}_u caused by non-specific binding of primers to other sequences. 2o * Future research on gene silencing will also use CRISPR interference.
Enhancer — i e Double-strand break and DNA repair (Chamary) Cells controlled by RNA or CRISPR interference will be imaged.
MS2-GFP system (Hoppe et al) PCR derived siRNA cassete
- Synthetic siRNA, Plasmids and viral
* Assay uses stem-loops formed by the coat protein of an MS2 . Vﬁgﬁemmmg
. . . = siRNA LR
(MCP) bacteriophage fused with a green fluorescent protein 5 rvard
(GFP), and reporter mRNA consisting of stem-loops bound by Research is still in progress, but the next step (input into mice cells) is underway. New data will be _WT e R
e g the MCP-GFP system. MCP-GFP and PCP-RFP (PP7/red earch Progress, Pnp Y S I
o DN e L - . available in approximately six months. A1l A2 Bl A8 —m_*—*
ey e fluorescent protein) is highly specific to the RNA containing < n e s s s PR Ty o ' R Target stiere
Xist mechanism (Wang et al) those Stem_|00p5_ &wﬁﬁ
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promoter sense bop atisense
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The experiment was designed to investigate immune responses by editing stem a | T o _mmr
cells to develop a mouse model. The X-linked genes—Rbm3, Was, and Pim2- s :."”".:It L =
were endogenously tagged with MS2 or PP7. We used CRISPR-mediated edits \E‘;‘-x-:..._--. - - . _— DNA(15b downstream, Neo to genome Live cell imaging system of a reporter gene RNAI future experiments (National Library of Medicine)
by WhICh we matched the |€ft and right homology arms Of genomic DNA 4 ...l i ol MS2-tagged P|m2_g_DNA(1.0 kilobases (kb), upstream; 1.5 kb, downstream; 0.8 kb, DTA) g . , downstream, Neo to genome
™ - *D1, D9, E1 promising upstream Al A2 ] A7 A8
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(gDNA). The donor vector was comprised of repeated MS2/PP7 stem-loops, an
antibiotic resistance gene, neomycin (Neo), and fragments of DNA that serve as
a template for repairing DNA breaks. Upon editing, we genotyped several
colonies to confirm the correct insertion whereby a section of DNA specific to
the correctly edited mouse cell is amplified. We used two pairs of primers to
verify each side of the edit, one primer unique to the insert, and an upstream
or downstream primer. Matching the correct distance between primers is
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