Integrate miRNA and Gene Expression data

® Finding putative genes regulated by miRNAs

® Finding overrepresented miRNA targets sets from gene expression data
® Combine miRNAs with mRNA target genes

® Correlating miRNA and gene expression data

miRNAs regulate gene expression at the post-transcriptional level by base-pairing with the three prime untranslated region (3' UTR) of the target gene,
causing cleavage/degradation of the cognate mRNA or preventing translation initiation. Integration of miRNA expression with gene expression data to
study the overall network of gene regulation is vital to understanding miRNA function in a given sample. Partek Genomics Suite provides a platform that
can analyze miRNA and gene expression data independently, yet allows data to be integrated for downstream analysis.This integrative analysis can be
accomplished at several different levels. If you only have miRNA data, then Partek Genomics Suite can search the predicted gene targets in a miRNA-
mRNA database like TargetScan to provide a list of genes that might be regulated by the differentially expressed miRNAs. Alternatively, if you have only
gene expression data, Partek Genomics Suite can use the same database to identify the microRNAs that putatively regulate those differentially expressed
genes in a statistically significant manner. If you have gene expression data and miRNA data from comparable tissue/species, Partek Genomics Suite can
combine the results of these separate experiments into one spreadsheet. Lastly, if the miRNA and mRNA from the same source was analyzed (as in this
tutorial), then you may statistically correlate the results of mMiRNA and gene expression assays.

Finding putative genes regulated by miRNAs

This application is useful in the case where you have miRNA expression data, but not gene expression data. Using a database like TargetScan,
microCosm, or a custom database, you can identify the list of genes that are predicted to be regulated by these differentially expressed miRNAs and then
perform Biological Interpretation tasks on the list of genes.

Select Combine miRNAs with their mMRNA targets from the miRNA Integration section of the miRNA Expression workflow
Select the Get All Targets tab

Select TargetScan7.1 for Database Name

Select brain vs. heart human for Spreadsheet Name

Set Column with microRNA labels to 2. Probeset ID

Name the Result file PutativeGenes

Select OK (Figure 1)

!ﬁ Merge microRMNAs with their target mRMNAs >

Get Targets from Spreadsheet | Get All Targets

Target Database

Database Mame: TargetScan?. 1 t | 9

microRMA Spreadsheet

Spreadsheet Mame: |1,.'brair|_us_heart_human (brain vs. heart human) o | ﬂ
Column with microRMA labels: |2. Probeset ID w | hsa-miR-124_st ﬂ
Result file
PutativeGeneg| Browsze...

Cancel
€3

Figure 14. Identifying all predicted gene targets of differentially expressed miRNAs

This will create a new spreadsheet PutativeGenes that contains a miRNA and a putative gene target in each row. Because each miRNA can regulate
multiple genes, the list will be much longer than the input miRNA list. Each row contains a gene so this spreadsheet can be analyzed using GO Enrichment
and Pathway Enrichment tasks from the Biological Interpretation section of the workflow.

Copyright © 2018 by Partek Incorporated. All Rights Reserved. Reproduction of this material without express written consent from Partek
Incorporated is strictly prohibited.



Another useful way to analyze this list is to determine which genes could be targeted by multiple miRNAs in the list. To do this:

® Right-click on the column 13. Gene Symbol header
® Select Create List With Occurrence Counts from the pop-up menu (Figure 2)
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Figure 15. Creating an occurrence counts list from the list of putative miRNA target genes

The new spreadsheet is a temporary spreadsheet listing each gene in alphabetical order and giving the occurance count of each. Sorting by descending
order will list the gene with the most occurances first (Figure 3).
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Figure 16. Occurrence list of putative miRNA target genes

We will not be using this temporary spreadsheet moving forward. You can close the spreadsheet by selecting B

Finding overrepresented miRNA targets sets from gene expression data

This application is useful when you only have gene expression results or a gene list of interest and are interested in identifying which miRNAs might

regulated the genes. Using a databse like TargetScan, you can create a list of miRNAs that are statistically predicted to regulated those genes. miRNAs of

particular interest could then be explored using a lower-throughput technique like RT-gPCR.
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Using the gene list as input, a Fisher's Exact right-tailed p-value is calculated to show the overrepresentation of genes of interest for each miRNA in the
database. The smaller the p-value, the more overrepresented the miRNAs are for the dataset. Target associations are taken from a database, TargetScan
in this example. If the input list is a filtered list of genes from an ANOVA calculation, the parent spreadsheet is used to identify the background list of genes
from the array. Genes in the array but not in the significant gene list will be treated as background in the calculations.

To begin, we need to create a list of significant genes using the ANOVAResults gene spreadsheet.

Select the ANOVAResults gene spreadsheet in the spreadsheet tree
Select Create List from the workflow

Select Brain vs. Heart

Set the Save list asto brain vs. heart genes

Leave other fields at their default values (Figure 4)

Select Create

) List Manager — a *
List Spreadsheet Name List Info Venn Diagram AMNOVA Streamlined  Advanced
A1 (Affy_miR_BrainHeart_ir Single factor: find genes that vary across all samples upon single factor

1/ANOVA-Tway (ANOVAL Name Setting # Pass

1/brain_vs_heart (brain vs O Tissue

2 (Affy_HuGeneST_Braink ) Replicate

2/1 (ANOVAResults gene

G 3 (PutativeGenes)

B
C
D 1/brain_vs_heart_hurman |
E
F

Contrast: find genes that change between two categories

Mame Setting # Pass
@ Brain vs. Heart Have Any Change e 420
Configuration for "Brain vs. Heart™ # Pass: 420
Incude size of the change Change > OR Change {

Include significance of the change |p4value with FDR w |< |E|.E|5 | 9

420 genes passed the specified criteria.
‘You are about to create a list of genes that ...
Hawve Any Change in Brain relative to Heart with fdr (step up) < 0.05, Change > 2 or Change < -2

Save list as: |brain vs. heart genes Browse... Configure...
€ >

Cloze

Figure 17. Creating a list of significantly differentially expressed genes

* Select Close to exit the List Manager dialog
We will now use this list to identify overrepresented miRNA target sets.

Select Find overrepresented miRNA target sets from the miRNA Integration section of the workflow
Select TargetScan 7.1 from the Target Databse drop-down menu

Select brain vs. heart genes from the mRNA Spreadsheet drop-down menu

Select 4. Gene Symbol from the Column with gene symbols drop-down menu (Figure 5)

Select OK
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!—# Find enriched target associations >

Find microRMAs that target a disproportionately high number of significant mRMNAs based on Fisher's exact test. Target
assodations are taken from the database you specify, The required input is a list of mRMAs of interest, such as a list of
differentially expressed mRMAs. This method is based on Creighton et al (RMA 2008, 14: 2290-2298). Optionally, you can
combine the results of this analysis with other micrcoRMNA data.

Target Database

Database Mame: TargetScan?. 1 w | 9
mRMNA Spreadsheet

Spreadsheet Mame: ain_vs_Heart (brain vs. heart genes

Column with gene symbaols: |4. Gene Symbol ~ | SERPIMI1 9

MicroRMA Spreadsheet (Optional)
Combine enriched microRMA targets with microRMA data

Spreadsheet Mame: |—Nnne— o

Column with microRMA labels | R

Cheoose columns from microRMA spreadsheet to merge.
Mo columns from the microRMA spreadsheet are currently selected.

Result file

enrichedAssodations. tut Browse...

QK L\T Cancel

Figure 18. Finding enriched miRNA target sets

A new spreadsheet, enrichedAssociations, will be created with miRNAs from the database on rows (Figure 6). Column 1 contains the miRNA name and
column 2 shows its p-value. The smaller the p-value, the more significant it is. Column 3 contains the number of genes from the (input) significant gene list
that are targeted by this microRNA and Column 7 shows the number of significant genes from the input list that are not targeted by this microRNA.
Columns 4 and 5 contain the number of significantly up- and down-regulated genes from the input significant gene list targeted by the miRNA. Column 6
shows the number of background genes (genes on the array but not in the input significant gene list) that are targeted by the miRNA and Column 8 shows
the number of background genes on the array that are not targeted by the miRNA. The numbers in columns 3, 6, 7 and 8 will be used to calculate the
Fisher's Exact (right-tailed) p-value, a measure of the overrepresentation of the predicted miRNAs within a gene set.
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Figure 19. Output of the Find Overrepresented miRNA Target Sets tool

As the enrichment p-values have not been corrected for running multiple statistical tests, we can the multiple test corrrection feature of Partek Genomics
Suite to adjust the p-values.

Select the enrichedAssociations spreadsheet

Select Stat from the main menu toolbar

Select Multiple Test Correction

Select all the multiple test correction options

Transfer Enrichment p-value to the Selected Column(s) panel from the Candidate Column(s) panel (Figure 7)
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£ Multiple Test Correction of Spreadsheet 4 et

Method
[+ Bonferromi [ Dunn-Sidak
|+ FOR SteplUp |+ FDR StepDown [v FDR g-Value

Candidate Calumn(s) Selected Column(s)
_=~ | [2. Enrichment p-value

QK Cancel
SN

€3

Figure 20. Configuring the Multiple Test Correction dialog

Columns for each of the test correction methods will be added to the enrichedAssociations spreadsheet and can be used to filter the list of miRNAs.

Combine miRNAs with mRNA target genes

This option is useful if you have miRNA and gene expression experiments you want to compare. The samples should be comparable, but do not have to
originate from the same specimens.

Select Combine miRNAs with their mRNA targets from the miRNA Integration section of the workflow
Select the Get Targets from Spreadsheet tab

Select TargetScan 7.1 from the Target Database drop-down menu

Select brain vs. heart human from the microRNA Spreadsheet drop-down menu

Select 2. Probeset ID for Column with microRNA labels

Select ANOVAResults gene from the mRNA Spreadsheet drop-down menu

Select 4. Gene Symbol for Column with gene symbols (Figure 8)

Select OK
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!—H Merge microRMNAs with their target mRMNAs >

et Targets from Spreadsheet | Get &ll Targets

Target Database

Database MName: |Target5can?. 1 ot | 6

microRMA Spreadsheet

Spreadsheet Mame: |1,|'brair'|_~.rs_heart_human (brain vs. heart human) o | o
Column with microRMA labels: |2. Probeset ID w | hsa-miR-124_st o
mRMA Spreadsheet
Spreadshest Mame: |2£1 (AMOVAResults gene) o | g
Column with gene symbaols: |4. Gene Symbol R | SERPINI1 o
Result file
combine. tet| Browsze...

QK Cancel
N

&)

Figure 21. Combining miRNAs with their mRNA targets

In the new spreadsheet, each row represents a specific miRNA associated with one of its target genes; a single miRNA can have multiple targets. For
example, hsa-miR-133b_st has 659 rows, one for each target (Figure 9).
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Figure 22. Viewing the combined spreadsheet with miRNAs and mRNA targets

Columns 1-12 are taken from the miRNA expression source spreadsheet while columns 13-26 are taken from the gene expression source spreadsheet.

Correlating miRNA and gene expression data

This application is useful when you have miRNA and mRNA expression data form the same samples and want to correlate the findings to determine

whether up- or down-regulated miRNAs result in gene expression changes in their cognate genes. Pearson and Spearman correlation coefficients and
their p-values are calculated.

Select OK

Select Correlate miRNA and mRNA data from the miRNA Integration section of the workflow
Select TargetScan7.1 from the Target Database drop-down menu
Select Affy_miR_BrainHeart_intensities for the microRNA spreadsheet using the drop-down menu
Select Affy_HuGeneST_BrainHeart_Genelntensities as the mRNA spreadsheet using the drop-down menu (Figure 10)
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data of gene targets using Pearson's and Spearman's correlation.
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mARMNA Spreadsheet

Spreadsheet Mame: |2{AFﬁr_HuGenEST_Brain v| e
Result file
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Figure 23. Configuring the Correlate miRNA-mRNA dialog

Next, select the SmaplelD column from each spreadsheet. These must match.

® Select 6. SamplelD for Affy_miR_BrainHeart_intensities
® Select 6. SamplelD for Affy_HuGeneST_BrainHeart_Genelntensities
® Select OK (Figure 11)

The sample ID calumn is required for integrated analysis (using the filename is not recommended). The specfied sample
IDs must match the sample IDs from the spreadsheet with which you want to integrate. Sample IDs are case sensitive.

Spreadsheet Sample ID Column First Sample ID
1 (Affy_miR_BrainHeart_intensities) |6, SamplelD v | B1
2 (Affy_HuGeneST_BrainHeart_Genelnte |E. SamplelD v| B1

QK Cancel
| ok |

Figure 24. Choosing matching Sample ID columns
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The new spreadsheet, correlation.txt (Figure 12). Each row contains one miRNA correlated with one of its target gnees. The first column contains the
miRNA probeset ID from the miRNA intensities spreadsheet. The second column contains the mRNA probeset ID from the gene expression intensities
spreadsheet. The third column lists the gene symbol and the fourth the miRNA name. The fifth and sixth columns are the Pearson correlation coefficient
and its p-value for the gene-miRNA pair. The seventh and eigth columns are the Spearman'’s rank correlation coefficient and its p-value for the gene-
miRNA pair. Negative correlation indicates that a high level of the miRNA is correlated with a low expression level in its target gene. Positive correlation
indicates that a high level of the miRNA is associated with a high level of its target gene.
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Figure 25. Viewing the correlation spreadsheet

We can visualize the correlation between any miRNA and target gene.

® Right-click a row header
® Select Scatter Plot (Orig. Data) from the pop-up menu

The correlation plot shows miRNA intensitiy on the x-axis and gene expression on the y-axis (Figure 13). Here, we see a negative correlation between
expression of xtr-miR-148a_st and its target gene, RAB14, in brain and heart tissues. Drawing the scatter plot will create a temporary file with miRNA and
gene expression probe intensities for all samples that is used to draw the plot.
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Figure 26. Viewing the scatter plot showing correlated miRNA and target gene expression

Please note that the correlation function is only useful for identifying miRNAs that affect mMRNA stability, not translation.

Additional Assistance

If you need additional assistance, please visit our support page to submit a help ticket or find phone numbers for regional support.
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