Discovering non-coding RNAs involved in spatial arrangement of
fibroblasts spanning the human body
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Introduction

Amajor issue in developmental biology is understanding how differential gene
P gives rise to the spatial of the different organs in the body. The
human skin i inits structure and functi

anatomic sites. This raises many ongoing questions on how the cells maintain their
positional information in this complex, self-renewing tissue. In addition, the skin consists
o fibroblast cells that play a major role in encoding positional identity to epithelial cells.
Previous studies hs that fibroblasts from i the body have

unique gene expression patterns and could therefore help specify the developmental

Methods

RNA from fibroblast cell lines was extracted and used as

our samples. We chose 4 different anatomical sites to

analyze: lung, foreskin, foot and scalp.

. Total RNA extracted from cells is processed for
hybridization on the Genechip arrays using the
Affymetrix one cycle target preparation assay:
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Results

79 non coding RNAs are differentially expressed

between lung and foot

Expression patterns of these ncRNAs correlate with those of known
protein coding RNAs from different locations of the body
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These lincRNAs could be involved in determining positional information and regulation of biological INTERRAL P
pathways. We decided to look at the functional gene sets that these lincRNAs associate with, using
Gene Set Enrichment Analysis.

Reverse Transcription Reaction
IVT Transcription
In Viro Transcription (IVT) is

This tree represents a DNA Magnetic bead cleanup on Cybio

code that tells the cells

:Q;re they are in the making multiple copies of cRNA L2 ~—— * An example of a lincRNA that is expressed in
4 ) SSesscax b many locations of the foot
o= What do these 79 lincRNAs do? i e
| i N
\ / — Magretic beads are used to ciean cONA, We focused on positional identity gene sets. These are protein coding genes previously The prot n-coding genes that

identified to be differentially expressed between different positional locations.

‘which bind to the nucleic acids (DNA) to
Poll clean out any buffers, which could be used fo
Tomsaton Eroyres inhibit In Viro Transcription (1VT) We discovered interesting correlations between the previously known protein coding genes
[} and our newly identified and noncoding RNAs. An example of this similarity is apparent between
HOXA13 and the lincRNA. Interestingly HOXA13 was previously found to be a master regulator, which
acts in the activation of the positional information of the posterior-distal locations of the body.

show a similar gene expression
profile to a non-coding RNA in
foot fibroblasts

Further analysis pointed to HOTAIR playing an important role in positioning.
HOTAIR is a large intergenic noncoding RNA (lincRNA). LincRNAS are transcripts that
are not translated into proteins but they can influence gene expression by interacting
with other regulators. HOTAIR was found to be one of the genes that is expressed only
in the posterior and distal locations of the body. This implies that it is expressed in foot,
fingers and foreskin. HOTAIR was discovered to be the first example of a noncoding
RNA that regulates chromatin domains.

RNA Magnetic bead cleanup on
Cybio

Almost all of the lincRNAs we identified significantly (FDR<.05) associate with protein-coding
genes known to be involved in positional identity.
After the 16 hour VT reaction, the CRNA s
cleaned using magnetic beads to remove
any unincorporated biotinylated nucleotides.
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Surprisingly, the few that do not associate with positional identity include a well-known
1incRNA, XIST. XIST is a lincRNA known to be differentially expressed between males and females.
Consistent with this, our lung sample came from a female and our foot sample came from a male.
This suggests that these few lincRNAs that are not involved in spatial arrangement might be involved

It has further been identified that HOTAIR is involved in the methylation and
transcriptional regulation of HOX genes (genes that are regulated during embryonic

development and describe the positional identity of the cell or tissue). Therefore, itis one
of the genes that identifies the positional arrangement of cells. These findings led to the
possibility of other lincRNAs existing that might be correlated with the spatial
organization of tissues

/ Posterior and distal expression of HOTAIR in foreskin fibroblasts

rel
body. Our specific goal is to identify non-
provide positional information to fibroblasts.

To achieve our goal, we compared the gene expression profiles of cells from
different locations of the body. To expand on the previous work, we used arrays that
contain probes of a larger gene set, which includes genes for non-coding RNAs. We
analyzed a series of samples, but chose to focus on lung and foot, as they have been
found to be diametrically opposed in their gene expression profiles.

/ Graph representing opposed chromatin modifications and
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CcRNA quantification and Normalization

The Spectrophotometer measured the quanity of cRNAand cDNA in the samples.
Concentrations of cRNAand cDNA were determined by reading at 260 and 280 nm
respectively. The range of OD values was between 0 and 1 and the observed OD

value was greater than 0.3. Our expected yields were between 20 — 50 ug in 30 u.
Based on the CRNA concentrations the CRNA was normalized with water to 600 ng/ul
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These Fluidic stations allowed for
the addition of the necessary stains
o the Genechip

The cRNA was hybridized to the arrays
overnight at 45 °C for 16 hours,

After washing and
staining, we scanned |
the Genechips. The
scanner generated
CELfiles for data

analysis.

in sex-specific differences.

Conclusions

After successfully completing this research, we can conclude that noncoding RNAS
are an exira layer of regulation that play an important role in identifying positional
information.

When the lincRNAs were correlated with the protein coding genes from different
positions of the body, we were able to see the similarities they share. Since we know the
functions of the protein coding genes, we could infer some of the roles that the incRNAS
play in identifying spatial arrangement. In the future, we can knock out the lincRNAs to
elucidate the function they play in fibroblast positioning. This will allow us to determine which
genes these lincRNAS regulate and potentially discover master regulators.

In addition, similar to the HOTAIR discovery, each of the 79 noncoding RNAs will
be further analyzed for their functions. This will be done by knocking out each incRNA
down, which allows us to determine their functions and regulatory mechanisms. This will
allow us to determine if each ncRNA functions in a mechanism similar to that of the known
lincRNA HOTAIR. In this model, the lincRNA binds to the PRC2, which inhibits the
transcription of the HOXD gene.

HOTAIR represses transcription of developmental regulators
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Overview of Informatics Workflow

The Genetic Analysis Platform (GAP) developed a web interface that manages and
keeps record of all the Iaboratory information on a project basis from sample input to data
analysis. This includes the abilty to correlate sample data with clinical information.

One of the GAP Workflow interfaces s Project Management , which uploads
samples and downloads data files using GAP, s that we could keep track of our samples
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‘Once data has been generated, Gene Pattern is used to analyze the data. This
software normalizes the data and provides us with a lst of genes that are differentially expressed
in our cases and controls using various statistical tests. t has visualization tools, which are used
1o create heat maps and dendograms. Heat maps allow us o identify the fold changes between
our samples and dendograms allow us to categorize our samples based on their gene
expression profile. These tools help us to better understand ifferences between tissue cell types
and further classify genetic diseases.

One of the objectives of the GAP web interface is to simplify the user's
process when uploading the samples. Therefore, we designed a script, written in perl,
that will take an input file with the sample’s individual names and then change this.
input fle into an individual file and a plate file, containing the global individual names,
ini names, o, which are unique for each sample.

Script in Perf language. User Interface
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