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Inter-individual variability in warfarin metabolism and response is influenced by multiple
factors, including genetic variations in important pharmacogenes such as VKORC1 and CYP2C9.
LncRNA (long non-coding RNA) plays roles in diverse cellular processes including gene
regulation. This study explored the relationship between the hepatic expression of IncRNA genes
and warfarin pharmacogenes through correlation analysis and penalized linear regression
modeling. Significant correlations emerged between specific IncRNA genes and warfarin
pharmacogenes. The Lasso penalized linear regression model also highlighted the IncRNA genes
impacting the variability in warfarin pharmacogene expression. Despite study limitations, these
novel results provide a basis for further exploration of these relationships and their underlying
biological mechanisms. Understanding these connections could potentially lead to improved

warfarin dosing for patients on the medication, enhancing both patient safety and drug efficacy.



Integrating pharmacogenomics and IncRNA research holds promise for refining drug dosing

strategies and advancing personalized medicine.
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Chapter 1. INTRODUCTION TO WARFARIN PHARMACOGENES

1.1 PHARMACOGENOMICS

There are many factors contributing to inter-individual variability in drug response that has been
frequently observed. However, it is the recent advancements in science and technology that have
revealed the contributions of genetics to this noted variability, successively leading to the
expansion of pharmacogenomics. Pharmacogenomics is a field that aims to utilize genomics to
better understand how genes and genetic variants affect drug metabolism and response. It is also a
field that uses genomics to improve drug efficacy and safety.*>

Pharmacogenomics encompasses the concepts of pharmacodynamics and
pharmacokinetics. Pharmacodynamics examines the drug dose-response relationship and seeks to
describe a drug’s mechanism of action, response, effectiveness, and safety, as well as drug-drug
interactions.> Pharmacokinetics, on the other hand, describes how drugs are absorbed, distributed,
metabolized, and eliminated by the body.> Different genes and genetic variants can affect a drug’s
pharmacodynamics, pharmacokinetics, or a combination of both. These can subsequently lead to
a spectrum of metabolic phenotypes that include poor, intermediate, normal, fast, or ultrarapid
drug metabolizers. Metabolic phenotypes in turn can create a range of drug responses that are
clinically observable in patients.>¢

Numerous studies have been conducted highlighting the usefulness of genetics in
developing new drugs and improving the effectiveness and safety of existing drugs. For example,
multiple RCTs (randomized clinical trials) have shown that warfarin therapy guided by
pharmacogenomics significantly improves patient outcomes by increasing effectiveness and
decreasing severe adverse events.>’ These and similar studies with other drugs have increased the

use and acceptance of pharmacogenomics. It has also encouraged entities like CPIC (the Clinical



Pharmacogenetics Implementation Consortium) to develop guidelines and recommendations for
using genetic information to guide drug selection and dosing in clinical care.® Additionally, it has
prompted the FDA (U.S. Food and Drug Administration) to approve drug labels that provide

recommendations on how to dose certain drugs according to a patient’s genotype.®8

1.2 WARFARIN

Anticoagulants are drugs commonly used to treat and prevent thrombotic events associated with
diverse etiologies.” Warfarin is one of many examples of an anticoagulant that is mainly
administered as an oral pill that is a racemic mixture of two enantiomers, (R)-warfarin and (S)-

warfarin, as seen in Figure 1.2.1.1:2:9-10

Figure 1.2.1. Chemical structure of (S)-warfarin on the left and (R)-warfarin on the right. Images obtained

from PubChem. '

Once warfarin enters a patient’s bloodstream approximately 98-99% of it is bound to
plasma proteins, primarily albumin.”*!! This binding allows warfarin to be easily transported
through the bloodstream to target sites such as the liver where it can exert its anticoagulant effects.

These effects typically occur within 24 hours after administration of the drug though peak



anticoagulation effect could be delayed up to 72 to 96 hours.%!! The primary mechanism of action
of warfarin is to inhibit the enzyme VKORCI (Vitamin K Epoxide Reductase Complex Subunit
1) from recycling an oxidized form of vitamin K (epoxide) back to the enzymatically active
reduced hydroquinone form of the hormone. Reduced vitamin K is an essential cofactor for the
synthesis of vitamin K-dependent clotting factors and proteins.®® Most of this inhibitory drug
action comes from the (S)-warfarin stereoisomer which accounts for approximately 70% of the
therapeutic effects of warfarin.>681%12 Conversely, levels of (R)-warfarin in patients have been
observed to be approximately twice as high as (S)-warfarin, but its inhibitory effect is notably
reduced by a factor of three to five.!3

In addition to being the primary target site of action, the liver is also the site of warfarin
metabolic clearance.b® Each warfarin enantiomer, (S)-warfarin and (R)-warfarin, is metabolized
by the body through different pathways that utilize different enzymes which will be discussed in
more detail in following sections.®%10:12 Once in a patient’s body, warfarin can continue to exert
its effects for nearly two to five days before it is fully metabolized and excreted.’

It is also important to note that warfarin is a drug with a narrow therapeutic range and
inappropriate dosing can cause over- or under-anticoagulation, which could lead to severe adverse
side effects such as excessive bleeding, thromboembolism, and death.>-%% In fact, warfarin is a drug
that has been implicated in over 30% of hospitalizations that are due to drug-related adverse
events.'416 Due to this, patients who take warfarin require frequent monitoring which includes
measuring their INR (International Normalized Ratio) on a regular basis. INR is a standardized
measurement that compares a patient’s PT (prothrombin time), which is how long it takes for their
blood to clot, to a reference value.®!? This INR value is used to evaluate the efficacy and safety of

the patient’s warfarin therapy and helps clinicians make adjustments to a patient’s medication dose



as necessary for their condition.? Unfortunately, many patients have to go through a long period of
dose adjustments to find an adequate and safe dose. Situations like this is where

pharmacogenomics can become quite useful.
1.3 WARFARIN PHARMACOGENES

A number of factors such as age, height, weight, smoking history, comorbidities, and drug
interactions have been estimated to make up 30-50% of the variation seen in warfarin metabolism
and pharmacological response.>’-1%17.18 However, there have been an increase in the number of
studies revealing various genetic factors associated with warfarin.>!7-!8 The two major contributing
genes consistently identified in these studies are VKORCI and CYP2C9. These two warfarin
pharmacogenes have been estimated to explain up to 35-45% of the variability seen in warfarin

dosing needed to achieve a therapeutic INR. 714
1.3.1 VKORCI

VKORC] (Vitamin K Epoxide Reductase Complex Subunit 1) is a gene primarily expressed in the
liver and it encodes an enzyme system that spans the membrane of the endoplasmic reticulum.’-!?
The main responsibility of the VKOR enzyme is to convert vitamin K epoxide back into its reduced
form, vitamin K hydroquinone, which is a necessary cofactor for the synthesis of coagulation
factors II, VI, IX and X, and anticoagulation proteins C, S and Z.67-1%-12.19 Ag briefly mentioned in
the previous section, warfarin acts by targeting and inhibiting the activity of the VKOR enzyme
which subsequently affects the synthesis of important clotting factors and proteins.®!°

Previous studies have identified variants of VKORC1 that have different effects on warfarin
pharmacodynamics. A common VKORC] variant is c.-1639G>A which has been associated with
warfarin sensitivity.®2? Patients with this variant require lower starting and maintenance doses of

warfarin due to increased sensitivity to the drug.® There are also less common LOF (loss-of-



function) variants in VKORC1 that have been associated with warfarin resistance.’> Patients with
LOF variants require higher starting and maintenance doses of warfarin.® Figure 1.3.3.1 depicts
VKORCI and a few other known or suspected genes associated with warfarin pharmacodynamics.

1.3.2 CYP2C9

CYP2C9 (Cytochrome P450, Family 2, Subfamily C, Member 9) encodes the corresponding
CYP2C9 enzyme, which is a well-known CYP450 (cytochrome P450) involved in the metabolism
of up to 15-30% of clinically used drugs.”-'¥2! CYP450 is a superfamily of enzymes that exist in a
variety of forms and can serve numerous functions. However, the CYP450 enzymes that are known
to be specifically associated with warfarin are mostly involved in warfarin metabolism. As noted
in a previous section warfarin is administered as an oral pill that is a racemic mixture of (R)- and
(S)-warfarin enantiomers that are metabolized by the body through different pathways. CYP2C9
is the enzyme involved in the metabolism of the more potent (S)-warfarin while (R)-warfarin is
metabolized by other CYP450 enzymes: CYP3A4, CYP1AI and CYP1A2.5:6:8-10.18

Similar to VKOR, CYP2C9 is an enzyme that is abundantly expressed in the liver and can
be found in the membrane of the endoplasmic reticulum.”?> The CYP2C9 enzyme is also
responsible for converting 80-90% of the more potent (S)-warfarin to (S)-7-hydroxywarfarin and
(S)-6-hydroxywarfarin, with majority of the inactive metabolite being (S)-7-
hydroxywarfarin.!%:1221.22° After the formation of these relatively inactive metabolites, they
continue to be further metabolized and ultimately excreted from the body.?!

Prior studies suggest that CYP2(C9 variants account for up to 10-20% of the inter-individual
variability seen in warfarin pharmacokinetics.!?!7:1923 There are also over 60 identified CYP2C9
variants that vary in frequency across different populations.®®!7.19 A majority of the known

CYP2(9 variants have been characterized as single nonsynonymous mutations in exons that lead



to a reduced ability to metabolism (S)-warfarin, with many found to be associated with a two to
three-fold increase in the risk of bleeding from warfarin.6%!417 Two commonly identified variants
that are examples of this are CYP2C9*2 and CYP2C9*3. These two variants are associated with
warfarin sensitivity, therefore, patients with these variants require lower starting and maintenance
doses of warfarin. 6101820 Figure 1.3.3.2 depicts CYP2C9 and a few other known or suspected

genes associated with warfarin pharmacokinetics.
1.3.3 OTHER WARFARIN PHARMACOGENES

Although VKORCI and CYP2C9 are considered the major genes contributing to warfarin
pharmacodynamics and pharmacokinetics, there are a number of other genes that have also been
linked with warfarin dose-response.®1213.17.2425 The contributions and mechanisms of action for
many of these known and suspected warfarin pharmacogenes are not fully understood, but any
information on them may be found through PharmGKB.

PharmGKB is one of many interactive databases and data mining tools that continues to
incorporate information for a growing range of pharmacogenes.® This information includes variant
annotations, pharmacodynamic and pharmacokinetic pathways, drug-pharmacogene interactions,
drug response summaries, clinical annotations, drug labels, dosing guidelines, and more.3> With
regards to warfarin, PharmGKB currently has information on 58 known or suspected warfarin
pharmacogenes.? Some of these genes and the pathways they are involved in can be visualized in

Figure 1.3.3.1 and Figure 1.3.3.2.



Figure 1.3.3.1. VKORC1 and several other known or suspected genes associated with warfarin

pharmacodynamics. Image obtained from PharmGKB.3

Figure 1.3.3.2. CYP2C9 and several other known or suspécted genes associated with warfarin

pharmacokinetics. Image obtained from PharmGKB.?



Chapter 2. INTRODUCTION TO LONG NON-CODING RNA

The majority of the human genome is non-coding, and large portions of these non-coding regions
contain genes that are transcribed into RNA (ribonucleic acid) molecules that do not encode for
proteins.?0-2° It is estimated that roughly 80% of these non-coding RNA genes are specifically
IncRNA (long non-coding RNA) genes.?%28 LncRNAs make up a diverse class of non-coding RNA
molecules that are longer than 200 nucleotides in length.26-28 They are also comprised of RNA
polymerase II and III transcripts that may or may not be modified post-transcriptionally by
splicing, capping, and polyadenylation.?82

LncRNAs have been found in many species but their functions are not well understood,
which is in part due to poor sequence conservation.3? However, IncRNAs have been implicated in
a variety of cellular processes such as epigenetic, transcriptional, post-transcriptional, and
translational regulation, post-translational modification, cellular differentiation, cell cycle
regulation, protein relocation, and more.?62® LncRNAs can even act as miRNA (micro RNA)
sponges or precursors for miRNA and siRNA (small interfering RNA), which are other types of
non-coding RNA molecules.?6-27

LncRNAs have a wide range of capabilities and their complex nature has become
increasingly apparent as the field of IncRNA research rapidly expands. For example, studies have
suggested that IncRNAs often do not function alone but rather interact with other genes and gene
products.?® This further increases the difficulty of characterizing the functions and mechanisms of
IncRNAs as they cannot be classified as independently acting molecules.?¢ This is another reason
why previously identified or suspected IncRNAs have not been well annotated even though

countless of them have been implicated in an assortment of disease processes.?



In attempts to remedy this gap in knowledge, several projects have been started with the
goal of identifying and annotating IncRNAs and other non-coding RNAs present in various
species. This has subsequently led to the creation of numerous databases comprising of information
on a range of non-coding RNAs. One such database is GENCODE.?82%:31.32 The GENCODE
project is part of the larger ENCODE (Encyclopedia of DNA Elements) project, and it aims to
“identify and classify all gene features in the human and mouse genomes with high accuracy based
on biological evidence, and to release these annotations for the benefit of biomedical research and
genome interpretation”.3!32 The GENCODE database includes information on genomic location,
nucleotide sequence, and alternative splice isoforms of various known or suspected IncRNAs.
GENCODE also includes some functional annotations, however these are minimal as this
continues to be an active and challenging area of research.3!-32 With regards to human IncRNA,

GENCODE currently has 19,928 known or suspected human IncRNA genes.?!

Chapter 3. AIM AND OBJECTIVES

Previous studies have uncovered numerous factors contributing to warfarin pharmacodynamics
and pharmacokinetics. However, there is still a large portion of inter-individual variability seen in
warfarin metabolism and response that is due to unknown factors.>!7-23 The aim of this thesis is to
shed light on these elusive factors, which could be genetic or non-genetic in origin, and gain a
deeper understanding of warfarin’s complex pharmacogenetic landscape. The primary objective is
to conduct an initial exploratory analysis investigating the relationship between the expression of
hepatic IncRNA genes and warfarin pharmacogenes, and identify IncRNA genes that may explain

or predict the variability observed in warfarin pharmacogene expression.



Chapter 4. METHODS

4.1 RNA SEQUENCING DATA

An anonymized dataset consisting of FPKM (fragments per kilobase of transcript per million
mapped reads) values for genes captured with RNA sequencing from previous studies was
obtained. Prior studies conducted through the University of Washington utilized human liver tissue
samples sourced from both the University of Washington Human Liver Bank and the St. Jude Liver
Resource at St. Jude Children’s Research Hospital.3334 Studies like Tanner et al. (2017) and Wong
et al. (2018) performed RNA sequencing on the human liver samples used in their study in order
to quantify RNA expression levels. FPKM serves as a unit measure for gene expression, and the
methods used to obtain and quantify the RNA sequencing data are thoroughly outlined in each of

these studies.3334

4.2 WARFARIN PHARMACOGENE DATA

A list of known and suspected warfarin pharmacogenes was obtained from the PharmGKB
database.’> This list was cross-referenced with the RNA sequencing FPKM output data, and a
new data frame was created containing the FPKM values for only the warfarin pharmacogenes
captured by RNA sequencing. The resulting warfarin pharmacogene data frame was utilized for

the statistical analyses.
4.3 LONG NON-CODING RNA DATA

A list of known and suspected human IncRNA genes was obtained from the GENCODE
database.’!*?> LncRNAs identified in GENCODE by Ensembl gene IDs were converted to their
corresponding gene symbols, provided they were designated, using the HGNC (HUGO Gene
Nomenclature Committee) Database.3¢-37 The list of IncRNA genes was cross-referenced with the
RNA sequencing FPKM output data to create a new data frame containing only the FPKM values
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for IncRNA genes captured by RNA sequencing. This IncRNA data frame was utilized for the

statistical analyses outlined in the following section.
4.4 STATISTICAL ANALYSES

All statistical analyses were performed in R (version 4.1.1), using the packages tidyverse (v.2.0.0),
dplyr (v.1.1.2), gplots (v.3.1.3), ggplot2 (v.3.4.2), glmnet (v.4.1.7), and png (v.0.1.8).38

FPKM values for both warfarin pharmacogenes and IncRNA genes were subject to further
quality control. An FPKM threshold value of 0.1 was applied, and only the warfarin
pharmacogenes and IncRNA genes in which 95% or more of the samples met the threshold were
retained.’%3%4! This 0.1 FPKM threshold value was applied to ensure only robustly expressed
genes were utilized in the statistical analyses.?°#! Summary statistics and standard deviations
were then calculated in order to gain insight on the distribution and variability of the data at this
stage. Additionally, Q-Q plots were constructed to assess whether the warfarin pharmacogenes and
IncRNA genes follow a normal distribution, identify skewness and tails, and visualize outliers or
extreme values.

Following quality control and an initial pass through the data, log2-transformation was
performed on both the warfarin pharmacogene and IncRNA gene FPKM values.?*4>4 To handle
FPKM values of zero, a pseudocount of one was exclusively applied before the log2-
transformation to zero values. All other values remained unaltered for the log2-transformation.
Log2-transformation was done to help stabilize variance, approximate a more normal distribution
of data, and linearize multiplicative measurements. To assess the log2-transformed data, new
summary statistics and standard deviations were calculated and new Q-Q plots were created. Any

outliers or extreme values were removed and new Q-Q plots were reconstructed as appropriate.
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Next, the log2-transformed warfarin pharmacogene and IncRNA gene FPKM values were
standardized using the scale function.** This function centers the log2-transformed FPKM values
around their mean and scales them by their standard deviation so that they have a standard
deviation of one. This standardization puts the warfarin pharmacogene FPKM values on the same
scale as the IncRNA gene FPKM values, which further helps in approximating a normal
distribution. New summary statistics and standard deviations were calculated and new Q-Q plots
were constructed with the log2-transformed and scaled FPKM values. After evaluating and
removing any outliers or extreme values, additional Q-Q plots were reconstructed as appropriate.

Using the log2-transformed and scaled FPKM values, Pearson correlation coefficients and
their associated p-values were calculated. This was done to quantify and assess the strength and
significance of the linear relationship between warfarin pharmacogenes and IncRNA
genes.30:42:43:45 A Bonferroni correction was then performed to account for multiple testing and only
correlation p-values less than the new significance threshold (o = 2.817e-05) were identified as
significant. New data frames were then created with only the log2-transformed and scaled FPKM
values for those warfarin pharmacogenes and IncRNA genes that had significant correlations.

Two Pearson correlation coefficient heatmaps with hierarchical clustering were generated
using the heatmap.2 function.’%4¢ One heatmap was generated using all of the correlation
coefficients obtained from the correlation test regardless of their significance level. A second
heatmap was generated by assigning the insignificant correlations a value of zero, allowing
visualization of only the significant correlations.

The significantly correlated warfarin pharmacogenes and IncRNA genes were then tested
in various penalized linear regression models using the glmnet function.#” The purpose of using

penalized linear regressions was to address issues of overfitting and multicollinearity by
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incorporating a penalty term to improve the model’s generalization performance.4” The subset of
relevant predictors that are then retained in the model have a significant impact in explaining or
predicting the response variable. One model, Lasso (Least absolute shrinkage and selection
operator), adds a penalty term that is proportional to the absolute values of the coefficients to the
sum of squared residuals.*’” Some coefficients in the Lasso model end up getting reduced down to
a value of zero which results in them being excluded from the model. A second model, Ridge, adds
a penalty term proportional to the squared values of the coefficients to the sum of squared
residuals.*” The Ridge model reduces and regularizes the coefficients so that the impact of large
coefficients and multicollinearity is decreased. Coefficients in the Ridge model may get
diminished but they do not necessarily get excluded. A third model, Elastic Net, is a combination
of Lasso and Ridge and adds both penalty terms so that it is a linear combination of absolute and
squared values of the coefficients.4’

Lasso, Ridge, and Elastic Net penalized linear regression models were employed in several
scenarios with significantly correlated IncRNA genes as the predictor variables and significantly
correlated warfarin pharmacogenes as the response variables. One scenario tested all significant
IncRNA genes against each of the significant warfarin pharmacogenes independently. In contrast,
three other scenarios tested all significant IncRNA genes against different groups of warfarin
pharmacogenes. One of these scenarios tested all significant warfarin pharmacogenes together as
one group. The other two scenarios used different groups of warfarin pharmacogenes determined
by the branching pattern and arrangement of internal nodes in the dendrogram resulting from
hierarchical clustering generated as part of the correlation heatmap.

For each penalized linear regression model, cross-validation was performed to evaluate

model performance and generate cross-validation plots to be compared. Cross-validation plots are
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graphical representations of model performance that plots MSE (mean-squared error) against a
range of lambda values. MSE is the average squared difference between theoretical and actual
values, and lower MSE values generally indicate better model performance.4”*8 On the other hand,
lambda is a regularization parameter and the lambda value associated with the best performing
model is considered the “optimal lambda”.4”#8 The optimal lambda value was used to identify and
extract the subset of IncRNA genes that significantly explain the variability in warfarin

pharmacogene expression.

Chapter 5. RESULTS

The anonymized RNA sequencing FPKM output data used for this thesis encompassed a total of
360 samples and 16,384 genes. The demographic breakdown of the liver bank donors in which the
data was obtained can be seen in Table 5.1.

Table 5.1. Liver Bank Donor Demographics.

Characteristic Parameters Percentage (%)
Sex Female 41.5
Male 58.5
Age (years) 0-9 12.1
10-19 11.1
20-29 10.6
30-39 9.09
40-49 17.2
50-59 18.8
60-69 15.7
70-79 4.29
80+ 1.26
Race Asian 0.48
Black 2.73
Hispanic 0.80
White 96.0

With regards to warfarin pharmacogenes, the PharmGKB database reports 58 known and

suspected warfarin pharmacogenes. Of these 58, only 28 warfarin pharmacogenes were among the
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16,384 genes captured in the RNA sequencing data. As for IncRNA genes, the GENCODE
database reports 19,928 known and suspected human IncRNA genes. Among these, only 454
human IncRNA genes were captured in the RNA sequencing data. After applying quality control
measures to ensure robust gene expression, there were only 25 remaining warfarin pharmacogenes
and 71 remaining IncRNA genes that met the FPKM threshold.

Summary statistics including standard deviation for the 25 warfarin pharmacogenes that
passed quality control are listed in Appendix A, Table A.1. The data ranges from a minimum FPKM
value of 0.0233 for F/341 and a maximum FPKM value of 23,667 for CALU. DDHD]I had the
lowest mean and standard deviation at 1.0761 and 0.471, respectively. CRP had the highest mean
and standard deviation at 8826 and 4780, respectively. Figure 5.1 displays a Q-Q plot of the

original warfarin pharmacogene FPKM values before preprocessing techniques were employed.
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Figure 5.1. Q-Q plot of original warfarin pharmacogenes FPKM values.
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Table A.2 in Appendix A lists the summary statistics including standard deviation for the
71 IncRNA genes that passed quality control. There were 12 IncRNA genes with a minimum
FPKM value of zero. CESIPI had the highest maximum FPKM value, mean, and standard
deviation at values of 1490, 335, and 169, respectively. DPY19L2P4 had the lowest mean and
standard deviation at 0.310 and 0.141, respectively. Figure 5.2 illustrates a Q-Q plot of the original

IncRNA gene FPKM. values.
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Figure 5.2. Q-Q plot of original IncRNA FPKM values.

The 25 warfarin pharmacogenes that passed quality control were log2-transformed and the
corresponding summary statistics including standard deviation are listed in Appendix A, Table A.3.
The data ranges from a minimum log2-transformed FPKM value of -5.291 for F/341] and a
maximum log2-transformed FPKM value of 14.531 for CRP. F'13A41 also had the lowest mean of

-0.0418 while CRP had the highest mean of 12.796. For standard deviation, VKORC1 had the
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lowest standard deviation of 0.349 and CYP3A44 had the highest standard deviation of 2.458. A Q-

Q plot of the log2-transformed warfarin pharmacogene FPKM values is displayed in Figure 5.3.

QQ Plot of Log2-Transformed Warfarin Pharmacogene FPKM Values
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Figure 5.3. Q-Q plot of log2-transformed warfarin pharmacogene FPKM values.

The summary statistics including standard deviations for the 71 log2-transformed IncRNA
genes are listed in Appendix A, Table A.4. It is important to note that these values were calculated
with the outliers included. Regarding the range of the data, CTC.338M12.4 had the lowest
minimum log2-transformed FPKM value of -211 and CES/P1 had the highest maximum log2-
transformed FPKM value of 10.541. DPY19L2P4 had the lowest mean of -1.845 while CESIPI
had the highest mean of 8.250. With regards to standard deviation, FGD5.4S1 had the lowest
standard deviation of 0.380 and CTC.338M12.4 had the highest standard deviation of 11.125.
Figure 5.4 shows the Q-Q plot of the log2-transformed IncRNA gene FPKM values with outliers

included and Figure 5.5 displays the updated Q-Q plot after outliers were removed.
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Figure 5.4. Q-Q plot of log2-transformed IncRNA FPKM values with outliers included.

QQ Plot of Log2-Transformed IncRNA FPKM Values (Outliers Removed)
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Figure 5.5. Q-Q plot of log2-transformed IncRNA FPKM values with outliers removed.
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Appendix A, Table A.5 contains summary statistics including standard deviation for the 25
log2-transformed and scaled warfarin pharmacogenes. Due to scaling, all warfarin pharmacogenes
had a standard deviation of one. Regarding the mean, CYP4F11 has the lowest mean of -8.312e-
16 and APOE has the highest mean of 1.520e-15. The log2-transformed and scaled FPKM values
range from a minimum of -5.832 for CYP4F2 to a maximum of 3.928 for VKORCI. Figure 5.6

exhibits a Q-Q plot of the log2-transformed and scaled warfarin pharmacogene FPKM values.

QQ Plot of Scaled Log2-Transformed Warfarin Pharmacogene FPKM Values
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Figure 5.6. Q-Q plot of log2-transformed and scaled warfarin pharmacogene FPKM values.

Summary statistics including standard deviation for the 71 log2-transformed and scaled
IncRNA genes are listed in Appendix A, Table A.6. These values were calculated with the outliers
included. The log2-transformed and scaled FPKM values range from a minimum of -18.869 for
CTC.338M12.4 to a maximum of 4.690 for DNAJC9.4S1. For the mean, DANCR had the lowest
mean of -3.215e-16 and CROCCP2 had the highest mean of 5.429e-16. All IncRNA genes had a

standard deviation of one due to scaling. Q-Q plots of the log2-transformed and scaled IncRNA
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gene FPKM values with and without outliers are exhibited in Figure 5.7 and Figure 5.8,

respectively.
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Figure 5.7. Q-Q plot of log2-transformed and scaled IncRNA FPKM values with outliers included.

QQ Plot of Scaled Log2-Transformed IncRNA FPKM Values (Outliers Removed)
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Figure 5.8. Q-Q plot of log2-transformed and scaled IncRNA FPKM values with outliers removed.
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Figure 5.9 illustrates a Pearson correlation coefficient heatmap obtained using the
log2-transformed and scaled IncRNA gene and warfarin pharmacogene FPKM values.
All correlation coefficients are included regardless of significance. While clusters of
strongly correlated variables can be visualized in the upper right and upper left corners of
the heatmap, any further clustering is difficult to ascertain due to overlap with regions

containing a mix of positive and negative correlations.
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Figure 5.9. Heatmap of all Pearson correlation coefficients.
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Figure 5.10 is a Pearson correlation coefficient heatmap displaying only significant
correlations after Bonferroni correction (Bonferroni corrected a = 2.817e-05). Of the 71
IncRNA genes included in the analysis, 65 of them had significant correlations. In contrast, all
25 warfarin pharmacogenes were significantly correlated with multiple IncRNA genes. The
number of significant correlations ranged from six IncRNA genes correlated with the warfarin
pharmacogene ABCB1 to 38 IncRNA genes correlated with the warfarin pharmacogene CALU.
Additionally, more than half of the significant correlations were positive.

As visualized on the correlation heatmap, a block of 23 IncRNA genes in the upper right
corner are positively correlated with nine warfarin pharmacogenes: F11, F7, CYP2A6,
CYP2C19, CYP4F2, CYP2CY9, EPHXI, CYP344, and CYPIA2. These nine warfarin
pharmacogenes are also negatively correlated with five other IncRNA genes in the lower right
of the heatmap. There is another cluster in the lower right of the heatmap consisting of eight
IncRNA genes positively correlated with five warfarin pharmacogenes: F3, Fl11, F7, CYP2A6,
and CYP2C19. Additionally, there is a smaller cluster of 14 IncRNA genes that are positively
correlated with three warfarin pharmacogenes (APOCI, APOE, and F5) in the upper middle
along with an adjacent cluster of 14 IncRNA genes positively correlated with five other warfarin
pharmacogenes (ASPH, APOB, CYP4Fll, F2, and CYP2CIl8). These five warfarin
pharmacogenes are also negatively correlated with 10 other IncRNA genes in the lower middle
of the heatmap. Lastly, in the upper left corner of the heatmap there is a cluster of 15 IncRNA
genes that are negatively correlated with four warfarin pharmacogenes: CRP, CALU, F1341,
and DDHDI.

In addition to the clusters of positive and negative correlations in Figure 5.10 that differ

from those in Figure 5.9, the hierarchical clustering and resulting dendrogram also differ
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slightly between the two heatmaps. The results of the hierarchical clustering were used to

inform the warfarin pharmacogenes groups created for the penalized linear regressions.
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Figure 5.10. Heatmap of significant Pearson correlation coefficients (Bonferroni corrected a = 2.817e-

05).
Appendix B and C contain both penalized linear regression cross-validation plots as well

as the lists of IncRNA genes contributing the most to the variability in warfarin pharmacogene

expression under the Lasso, Elastic Net, and Ridge models. Data for the models using individual
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warfarin pharmacogenes are in Appendix B, and data for the models using various groups of
warfarin pharmacogenes are in Appendix C.

For the testing of individual warfarin pharmacogenes, the Lasso and Elastic Net models
performed better than the Ridge model across all warfarin pharmacogenes. When comparing the
Lasso and Elastic Net models to each other, they performed similarly although the Lasso model
slightly outperformed the Elastic Net model with regards to model complexity and model accuracy.
The number of IncRNA genes found to significantly contribute to the variability in warfarin
pharmacogene expression ranged from 29 to 55 with the Lasso model and 29 to 54 with the Elastic
Net model. In contrast, the Ridge model identified all 65 IncRNA genes to significantly contribute
regardless of the warfarin pharmacogene tested in the model.

With regards to testing groups of warfarin pharmacogenes, the Lasso, Elastic Net, and
Ridge models found all 65 IncRNA genes to be significant contributors when testing all 25 warfarin
pharmacogenes as a single group. However, when comparing the cross-validation plots the Lasso
model performed better than the Elastic Net and Ridge models in this setting. In addition to testing
all 25 warfarin pharmacogenes together as a single group, there were two other scenarios
considered in which the warfarin pharmacogenes were divided into different groups based on
hierarchical clustering in the correlation heatmap. One scenario divided the warfarin
pharmacogenes into three groups and the other divided them into six groups. These groupings can
be seen in Table 5.2 on the following page.

When testing the Lasso, Elastic Net, and Ridge models with the three groups of warfarin
pharmacogenes, the Lasso and Elastic Net models slightly outperformed the Ridge model across
all three groups. Additionally, there was not much variability across the three models or the three

groups with regards to the number of IncRNA genes identified as significant contributors to the

24



variability in warfarin pharmacogene expression. For the first group consisting of 12 warfarin
pharmacogenes, the number of IncRNA genes found to be significant contributors by the Lasso,
Elastic Net, and Ridge models were 64, 65, and 65, respectively. The Lasso, Elastic Net, and Ridge
models for the second group consisting of 11 warfarin pharmacogenes identified 63, 65, and 65
significantly contributing IncRNA genes, respectively. Finally, the third group consisting of two
warfarin pharmacogenes, the Lasso, Elastic Net, and Ridge models found 53, 56, and 65 IncRNA
genes to be significant contributors.

Table 5.2 The groups of warfarin pharmacogenes tested in the Lasso, Elastic Net, and Ridge penalized

linear regression models as informed by hierarchical clustering in the correlation heatmap.

Scenario Group Warfarin pharmacogenes
1 1 ABCBI, APOB, APOCI1, APOE, ASPH, CALU, CRP, CYP1A1, CYP1A2,
CYP2A6, CYP2C18, CYP2C19, CYP2C9, CYP3A4, CYP4F11, CYP4F2,
DDHDI1, DNMT3A, EPHX1, VKORCI, F11, F13Al, F2, F5, F7
1 APOCI1, APOE, CYP1A2, CYP2A6, CYP2C19, CYP2C9, CYP3A4,
CYP4F2, EPHXI1, F5, F7, F11
2 2 ABCBI1, APOB, ASPH, CYPl1Al, CYP2C18, CYP4F1l, DDHDI,
DNMT3A, F13A1, F2, VKORCI
3 CALU, CRP
CYP1A2, CYP2A6, CYP2C9, CYP2C19, CYP3A4, CYP4F2, EPHXI1, F7,
F11
APOCI, APOE, F5
APOB, ASPH, CYP2C18, CYP4Fl11, F2
ABCBI, CYP1AlI
DDHDI, DNMT3A, F13A1, VKORCI
CALU, CRP

—

AN AW

For the scenario testing six groups of warfarin pharmacogenes, the Lasso model generally
outperformed the Elastic Net and Ridge models across all six groups. However, there were some
groups in which the Lasso and Elastic Net models performed similarly and were only slightly
better than the Ridge model, as evident by the cross-validation plots. In addition, the Ridge model

identified all 65 IncRNA genes as significantly influencing the variability of warfarin
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pharmacogene expression across all six groups. On the other hand, the number of IncRNA genes
identified as significant contributors ranged from 39 to 64 with the Lasso model and 40 to 64 with
the Elastic Net model.

Regardless of whether individual or groups of warfarin pharmacogenes were tested, the
Lasso penalized linear regression model generally outperformed the Elastic Net and Ridge
penalized linear regression models with regards to model complexity and accuracy. When
comparing the results of the Lasso model across individual and groups of warfarin pharmacogenes,
the models testing individual warfarin pharmacogenes performed better than those testing groups
of warfarin pharmacogenes. Furthermore, the scenario in which six groups of warfarin
pharmacogenes were tested outperformed the scenario in which three groups of warfarin

pharmacogenes were tested using the Lasso penalized linear regression model.

Chapter 6. DISCUSSION

The purpose of this thesis was to perform exploratory analysis, investigating the relationship
between IncRNA genes and warfarin pharmacogenes as well as identifying IncRNA genes that
help explain or predict the variability observed in warfarin pharmacogene expression. This was to
gain insight on the other potential genetic factors contributing to variability in warfarin metabolism
and response. Calculating the Pearson correlation coefficient assessed the relationship between
IncRNA genes and warfarin pharmacogenes. Subsequent testing of various penalized linear
regression models identified subsets of IncRNA genes that may explain or predict variability in
warfarin pharmacogenes.

Data received in the form of FPKM values were first subjected to quality control measures

and preprocessing techniques. This was necessary to ensure the use of IncRNA genes and warfarin
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pharmacogenes that were robustly expressed, and to ensure the data met the assumptions for
certain statistical analyses. Pearson correlation coefficients were then calculated with the
transformed data. There were 65 IncRNA genes significantly correlated with at least one warfarin
pharmacogene and all 25 warfarin pharmacogenes were correlated with multiple IncRNA genes.
Moreover, greater than half of the significant correlations were positive. These positive
correlations indicate that higher expression of one gene tends to be associated with higher
expression of the other gene, or lower expression of one gene tends to be associated with lower
expression of the other gene. On the other hand, those that were negatively correlated indicates
that higher expression of one gene tends to be associated with lower expression of the other gene,
and vice versa.

Regarding clustering in the correlation heatmap, genes exhibiting similar expression
profiles were grouped together. However, these expression profiles do not necessarily correspond
to similarities in gene function, location, or involvement in certain pathways. For example,
CYP2C18 and F2 were clustered together but CYP2C18 is involved in the minor pathway for (S)-
and (R)-warfarin metabolism whereas F2 is involved in the blood clotting cascade pathway and
plays a crucial role in activating a number of coagulation factors and proteins.*® Such differences
among some of the warfarin pharmacogenes are only known thanks to prior knowledge.
Unfortunately, many warfarin pharmacogenes and virtually all IncRNA genes lack comprehensive
annotations regarding their function or the biological pathways they are involved in. Consequently,
it is challenging to ascertain whether clustering based on gene expression profile also signifies
similarities in these areas between warfarin pharmacogenes and IncRNA genes.

The existing body of research concerning associations between IncRNA genes and warfarin

pharmacogenes is notably limited. The significant correlations revealed in this analysis suggest
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associations that have not been identified in the past. While these correlation coefficients quantify
the linear relationship between IncRNA genes and warfarin pharmacogenes, they do not provide
information about their temporal or spatial relationship. The significant results from this study are
anticipated to offer a foundation for further exploration into these relationships. It may also
encourage characterization of IncRNA genes and warfarin pharmacogenes which will aid in better
understanding the associations and interactions between the two.

Now regarding the penalized linear regressions, three different models (Lasso, Elastic Net,
and Ridge) were used to test all 65 significantly correlated IncRNA genes against individual or
groups of warfarin pharmacogenes. There were a few instances in which the Elastic Net penalty
resulted in the best fitting model; however, the Lasso penalized linear regression model generally
outperformed the Elastic Net and Ridge models across all warfarin pharmacogene groupings. It
was also observed that model performance improved as the groups of warfarin pharmacogenes
tested in the model became smaller in size. Furthermore, the Lasso penalized linear regression
models tested with individual warfarin pharmacogenes retained less IncRNA genes in the cross-
validation compared to those tested with various groups of warfarin pharmacogenes.

First, it is important to reiterate that the groups of warfarin pharmacogenes were informed
by hierarchical clustering which arranged genes together based on similar gene expression profiles
which may not correspond with similarities in their gene function or the biological pathways they
are involved in. Nevertheless, given that several warfarin pharmacogenes share analogous
functions or participate in common pathways, it was anticipated that testing the warfarin
pharmacogenes in three or six groups would yield more accurate and generalizable models than
testing all warfarin pharmacogenes individually or together as one group. By evaluating larger

groups of warfarin pharmacogenes with broader similarities such as the scenario of dividing them
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into three groups, the anticipation was to capture overarching gene expression patterns and gain
insight to the common regulatory mechanisms influenced by groups of IncRNA genes. This type
of model would offer better interpretability when visualizing larger scale relationships. In contrast,
testing smaller groups of warfarin pharmacogenes with more specific functions such as the
scenario that divided them into six groups, was expected to reveal intricate interactions and specific
regulatory mechanisms that would otherwise be missed when analyzing larger groups. This type
of model would offer greater sensitivity for detecting effects.

Results from this analysis do capture smaller scale relationships between IncRNA genes
and individual warfarin pharmacogenes. However, it does not adequately capture larger scale
relationships or insights that could be obtained by testing warfarin pharmacogenes in various
groups. This suggests that as the number of warfarin pharmacogenes increases, the stability and
generalizability of the model decreases. One potential contributing factor could be the method used
to group warfarin pharmacogenes by their expression profiles. This method might not account for
any underlying heterogeneity, including variations in gene function and involvement in biological
pathways. Individual gene effects could also be masked by this grouping method. Other potential
factors affecting model performance could also include model overfitting, increased model
complexity, high dimensionality, the presence of many strong correlations, and nonlinearity.

While testing individual warfarin pharmacogenes in the model may provide valuable
insight, it may not be the most ideal approach. By using individual warfarin pharmacogenes, gene
interactions could be overlooked along with some biological functions that may only be evident
when considering groups of genes that work together. Additionally, the computational intensity

and increased risk of false positives due to multiple testing could become issues.
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Furthermore, while the number of IncRNA genes retained in a model does not inherently
dictate its performance, it can serve as an indicator of certain model characteristics that could result
in a model that exhibits suboptimal performance. These characteristics include model overfitting,
increased model complexity, the presence of numerous strong correlations, high variability in gene
expression, inclusion of genes that are involved in complex biological processes, or the presence
of group effects which occur when genes share similar regulatory mechanisms or functional
relationships. It is important to recognize that while a model may retain more IncRNA genes, this
does not automatically suggest poor performance. Conversely, it could be an indication that those
IncRNA genes have a consistent relationship with warfarin pharmacogenes across different
samples. If this is the case it could lead to enhanced generalizability and predictive capacity.

As highlighted earlier, the existing literature examining the associations between IncRNA
genes and warfarin pharmacogenes is minimal, but the outcome of these penalized linear
regression models suggests previously undescribed associations between the two. However, the
exact nature of these relationships still requires comprehensive understanding. Moreover, the
specific IncRNA genes responsible for explaining the variability in warfarin pharmacogene
expression were not definitively identified. The findings from this study encourage additional
investigation of the association between IncRNA genes and warfarin pharmacogenes, along with

investigating the potential of one’s presence to predict the presence of the other.

6.1 LIMITATIONS

This study is subject to several limitations that could have influenced the results and subsequent
interpretations. One limitation is the sample of 360 donors which was obtained from a previous

study. With this sample size, there may not have been sufficient statistical power to detect
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significant gene expression levels, correlations, or associations. Another constraint is the low
sample diversity, as over 95% of the donors were of White European ancestry. This limited
diversity might have led to an incomplete representation of the population’s variability.

The data obtained for the study was also in the form of FPKM values, and the quality
control and preprocessing techniques that were employed could have influenced the results. The
FPKM values were subjected to a threshold of 0.1 and a requirement that 95% of the samples
should meet this threshold. These measures aimed to ensure the use of robustly expressed genes
in the analyses. However, there is a consideration regarding the threshold which was chosen based
off previous studies that worked with IncRNA 30341 Depending on cell type, developmental state,
and environmental conditions, IncRNA may be expressed at lower levels which would support an
argument that a lower threshold should be utilized to ensure IncRNA genes with low expression
are captured.’® On the other hand, there is the potential for random variability in gene expression
measurements that are not due to true biological signals that could be excluded by using a higher
threshold. All this to say, there is a trade-off between capturing biologically relevant data and
avoiding background noise.

Log2-transformed and scaled FPKM values were utilized for the Pearson correlation and
penalized linear regression analyses, following the rationale of previous studies that utilized these
techniques to help normalize IncRNA data.3%4243 Although the Q-Q plot generated for the log2-
transformed and scaled data in this study aligned more closely with a normal distribution compared
to the original and log2-transformed data, it still exhibited a heavy tail. This deviation from the
normal distribution could have disproportionately influenced the results of the Pearson correlations
and subsequent penalized linear regressions, providing results that may not accurately represent

the underlying relationship between IncRNA genes and warfarin pharmacogenes.
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Another limitation to the study is the assumption that the relationship between IncRNA
genes and warfarin pharmacogenes is linear. This assumption was made to simplify the analysis
and allow utilization of parametric methods such as Pearson correlations and penalized linear
regressions. Nevertheless, this could have led to associations that inadequately capture the
dynamics underlying the interactions between IncRNA genes and warfarin pharmacogenes.

Lastly, the use of hierarchical clustering to group warfarin pharmacogenes by gene
expression profiles might have introduced limitations to the subsequent penalized linear regression
analysis. As previously mentioned, groups of genes that share similar gene expression profiles may
not share similarities in their gene function or the biological pathways they are involved in. This
grouping strategy possibly contributed to the vague and inconclusive outcomes of the penalized

linear regressions that utilized these gene groups.

6.2 FUTURE DIRECTIONS

Prior studies investigating the factors affecting warfarin pharmacodynamics and pharmacokinetics
have predominantly included participants of White European ancestry. However, historically
excluded groups face an elevated risk of experiencing adverse events during warfarin therapy due
to a number of reasons.'#!> This underscores the importance of conducting additional studies that
include these underrepresented individuals. Increasing sample diversity not only addresses this gap
but it also ensures a more comprehensive representation of population variability. Augmenting
sample sizes for these studies would also enhance statistical power, enabling the detection of
significant relationships.

Another consideration for future studies involves evaluating the trade-offs associated with

different FPKM threshold values. This is because the balance created between capturing genes
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with low expression and minimizing background noise could have profound changes in the results
and interpretation. Additionally, alternative preprocessing methods could be explored for more
robust and accurate results. These approaches might encompass different normalization techniques
or assess the impact of varying threshold values.

Considering the analysis using log2-transformed and scaled FPKM values, it may be
appropriate to explore other transformation or scaling techniques that may better align the data
with the assumptions of the statistical methods being used. Investigating these other techniques
could mitigate the impact of using data that does not already meet the necessary assumptions. This
would also enhance the accurate modeling of relationships between IncRNA genes and warfarin
pharmacogenes.

Gene regulation is a complex process and multifaceted interactions between IncRNA genes
and warfarin pharmacogenes may vary depending on numerous factors. These could be anything
from the specific drug in question, cell types involved, disease state, individual genetic
background, and more. Acknowledging this complexity, it may not be appropriate to assume a
linear relationship between IncRNA genes and warfarin pharmacogenes. It may be essential to
consider methods that allow more flexibility in the assumptions made about underlying
relationships. Exploring non-linear modeling techniques may also be considered to capture this
complex dynamic.

To further enhance our understanding of associations between IncRNA genes and warfarin
pharmacogenes, studies should also be conducted to uncover the biological mechanisms that could
explain any associations observed. This could involve methods such as gene knockout studies,

functional assays, expression profiling, pathway analysis, functional enrichment analysis, network
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analysis, pathway modeling, and more. These approaches might help uncover patterns in the data
that may not be revealed by traditional methods.

Validation and replication studies should also be considered as they are important
components of rigorous scientific research. Validation studies assess the accuracy of the analyses
used, while replication studies assess the generalizability of results. These principles apply not
only to the analysis and results obtained from this study, but also to any future research endeavors.
Additionally, independent data obtained from different populations should be employed in these
studies.

Ultimately, exploring the functions and biological pathways of IncRNA genes and warfarin
pharmacogenes, along with understanding their interactions, would provide a deeper
comprehension of the pharmacokinetics and pharmacodynamics of warfarin. This knowledge
could then be used to investigate specific associations between certain IncRNA genes and
individual patient responses to warfarin dosage to shed light on personalized treatment strategies.
For instance, the CYP2C9*3 variant allele has been previously associated with warfarin sensitivity,
requiring patients who carry this variant to be prescribed lower starting and maintenance doses of
warfarin.?>31-33 In this study, CYP2C9 was found to be positively correlated with IncRNA gene
ABCCO6PI. If ABCC6P1 is linked specifically with variant allele CYP2C9*3, it could serve as a
bases for determining the lower warfarin dosage requirements in patients expressing this specific
IncRNA gene. By identifying these associations between IncRNA genes and warfarin
pharmacogenes, clinicians could tailor warfarin dosages to individual patients, ensuring more
effective anticoagulation while simultaneously mitigating the risk of adverse side effects. This
targeted approach has the potential to revolutionize patient care in the realm of anticoagulation

therapy.
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APPENDIX A

Table A.1. Summary statistics and standard deviations for the 25 warfarin pharmacogenes remaining

after quality control.

Gene Min 1st.Qu. Median Mean 3rd.Qu. Max SD
ABCB1 3.47283 11.39528 14.0895 15.25248 18.47135 45.939 5.586434
APOB 56.6022 236.1805 305.4875 311.6172 389.8828 638.626 108.6237
APOC1 858.271 4575.938 5679.38 6143.544 7400.513 19586.5 2468.444
APOE 315.499 1207.81 1508.83 1565.678 1849.505 4354.54 489.8797
ASPH 7.44598 20.23743 26.19115 27.28762 32.2582 70.5811 9.923605
CALU 4.77255 17.74413 23.16385 25.07554 30.676 92.2947 10.89785
CRP 111.815 5343.465 8365.31 8825.518 11847.25 23666.7 4780.248
CYP1Al 0.04812 1.468225 4.264965 14.06402 13.3799 364.011 29.89541
CYP1A2 0.057568 6.831493 25.12685 48.86818 58.86633 476.125 66.70895
CYP2A6 0.178129 45.6917 196.2315 332.181 472.6578 3226.85 418.312
CYP2C18 3.26676 26.21328 35.7127 36.71177 45.05948 113.407 14.97425
CYP2C19 0.281154 3.645005 8.762135 24.50781 26.84888 397.613 44.2911
CYP2C9 3.78548 155.7345 322.1445 363.4997 493.5328 1949.01 275.4752
CYP3A4 0.47718 77.52435 343.347 615.2998 832.2583 5295.39 818.1293
CYP4F11  5.01366 17.53633 21.5661 22.83022 26.70455 55.2294 7.473433
CYP4F2 2.24293 34.26535 48.2255 48.02643 61.18753 125.118 19.85032
DDHD1 0.301714 0.768309 0.998556 1.076139 1.297278 3.95283 0.471109
DNMT3A  0.626033 1.533103 2.03757 2.111 2.611473 4.84271 0.73638
EPHX1 11.2531 140.8068 270.799 332.7301 443.304 2315.74 279.6908
VKORC1  7.19159 12.02393 14.0672 14.53997 16.37193 36.4982 3.744865
F11 3.82818 26.88383 37.1654 36.74977 44,9277 81.4363 13.91755
F13A1 0.025539 0.49266 0.995269 1.66421 1.76234 27.6858 2.728628
F2 134.136 374 435.606 436.8736 511.902 778.68 104.3457
F5 14.592 67.37645 89.25715 92.43826 110.8443 281.909 33.51051
F7 5.96837 25.2339 34.2263 33.00444 41.44248 74.5187 11.77459
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Table A.2. Summary statistics and standard deviations for the 71 IncRNA genes remaining after

quality control.

Gene Min 1st.Qu. Median Mean 3rd.Qu. Max SD
Al1BG.AS1 0 0.51509 0.841945  1.002505  1.30119 4.20856 0.700376
A2M.AS1 0 0.25044 0.371718  0.434024  0.545236 1.90143 0.278775
ABCC6P1 0.468686  6.922845  9.49967 9.980353  12.93365  27.6853 4.437036
ABCC6P2 0.124616  2.20707 3.142215  3.451828  4.262555  23.9518 2.097093
ADORA2A.AS1 0.170268  2.15133 3.393105  3.65055 4.899303 11.7548 2.00904
AGAP2.AS1 0.043101  0.327878  0.475396  0.597912  0.741187  3.47364 0.443155
ALOX12P2 0.358038  2.39311 3.431265  3.950678  4.940973 16.7405 2.343204
AMZ2P1 0.41976 1.084495 1.4842 1.651132  2.03252 6.18228 0.804779
ANO1.AS1 0.128192  3.779415  8.65795 10.87384 1458883  59.3417 9.661188
AOCA4P 0.131213 1.84 2.856445  3.387439 4509373  21.8755 2.219452
APOAL1.AS 1.07588 1472378  23.80135  27.2752 35.98755 135.309 17.60253
APOC1P1 4.98006 40.0004 89.38525  126.6911 174.8638  764.656 120.1548
ARAP1.AS1 2.96673 11.9548 17.0306 20.60511  26.57395  84.5969 12.54499
ARHGAP5.AS1 0 0.262345  0.401579  0.432156  0.550048 1.7934 0.243814
ARSD.AS1 0.819138  5.590943  7.63905 8.67276 1141773  25.0595 3.974538
ASB16.AS1 0.032185  0.734621  0.958736  1.058863  1.303383  3.49344 0.486481
ASH1L.AS1 0 0.410575  0.60269 0.64427 0.828256  2.74426 0.353763
ASMTL.AS1 0.450469  3.52311 6.27497 7.911859 10.38745  50.1852 6.639841
AZGP1P1 3.61264 16.21223  21.7836 23.18067  28.43098 106.824 9.989375
BCRP3 0 0.25907 0.44586 0.504182  0.664024  2.41215 0.341731
BDNF.AS 0.085268  0.45209 0.705023  0.739507  0.961433  2.40984 0.386072
BMS1P1 0.179045  0.977021 1.36693 1.427652 1.73941 4.92621 0.631919
BTN2A3P 0.039904  0.252131  0.385024  0.426655  0.539007 1.44115 0.245549
C1RL.AS1 0.661195  2.862318  4.243385  4.646011  5.947588 14.2382 2.404263
C3P1 2.02598 34.1459 47.92825  56.7829 7290463  311.757 36.39183
C8orf44 0 0.400547  0.634796  0.717547  0.928957  4.08229 0.466129
CA5BP1 1.22362 3.077943  3.77293 3.962248  4.636805 11.4768 1.329751
CACTIN.AS1 0.214109  0.628436  0.793318  0.832032 1.006205  2.43231 0.305603
CASK.AS1 0 0.857702 1.22065 1.347457 1.67815 6.61308 0.723245
CATSPER2P1  0.241029  0.919307 1.269605  1.359557 1.762548  3.73912 0.603634
CCT6P3 1.12477 2.171983  2.776095  3.10549 3.697825 11.3229 1.37179
CD27.AS1 1.26996 5440908  7.031335  7.465412  8.827688  27.1811 3.06744
CD99P1 0.074283  0.74051 0.95474 1.053943  1.288193  3.56625 0.501969
CERS6.AS1 0.87768 3.26378 4.22575 4325461  5.179115  20.0052 1.821604
CES1P1 65.4861 230.0788  307.713 335.1701  396.983 1490.23 169.1292
CKMT2.AS1 0.177461 1.636085  2.19939 2.280111  2.810373  5.27555 0.918186
CPB2.AS1 0.05661 0.585237  0.897671  0.982088  1.251853  3.56248 0.560224
CRNDE 0 0.549562  0.877107  1.152935  1.430248 19.3123 1.336866
CROCCP2 6.99699 15.00915 19.8493 21.17816  25.40713  72.1778 8.473022
CRYBB2P1 0.619219  2.348095  3.120455  3.873373  4.504075  20.8819 2.51396
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CTC.338M12.4
CYP2B7P
DANCR
DBH.AS1
DENNDS5B.AS1
DGCR5
DHRS4.AS1
DICER1.AS1
DI030S
DLEU2
DLGAP1.AS1
DNAJC9.AS1
DNM3OS
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
F11.AS1
FAM13A AS1
FAM157C
FAMB83A.AS1
FAM86B3P
FAMB86C2P
FAMS86DP
FAMBSG6EP
FAMO99A
FAM99B
FGD5.AS1
FLNB.AS1

0
0.033768
6.62002
0.177165
0.274711
0.058223
0.623214
0.080228
0.098957
0.043475
0.086954
4.56631
0
0.025979
0
0.252316
0.832143
1.44504
0.633561
2.26983
0.048328
0.238802
0.078714
0.136577
0.248856
0.14734
0.214001
3.96E-07
0
3.15999
0.072248

0.408804
1.636535
13.808
5.72643
1.041575
0.853452
3.65192
0.544966
1.383803
0.459889
0.996878
10.41655
0.571076
0.207373
0.368449
0.899266
3.104023
3.733905
1.83731
12.37598
0.242195
1.54683
2.364185
0.780998
0.90554
0.909296
0.866901
7.054168
4.724005
11.7631
0.364357

0.575209
6.60501
18.95175
11.151
1.531505
1.2285
5.7134
0.859942
2.477485
0.64816
1.55832
12.58125
0.894843
0.288345
0.60671
1.242815
3.77987
5.1752
2.69336
15.5759
0.35668
2.27152
6.73806
1.130415
1.23634
1.279165
1.18538
10.64375
8.480125
13.7889
0.545055

0.627788
20.30215
21.53735
14.47363
1.63452

1.447792
6.556252
1.024681
3.764759
0.728996
2.907808
13.84313
1.046923
0.309651
0.715125
1.266288
4.110983
5.887723
2.995219
15.92713
0.402103
2.562704
14.95362
1.289283
1.275773
1.44737

1.306362
13.20278
9.408519
14.27287
0.624212

0.794705
22.3264
26.10568
20.10378
2.097003
1.80045
8.6196
1.308225
4.851845
0.861422
2.570725
15.57258
1.31002
0.390584
0.890494
1.59
4.834088
6.9599
3.935553
19.62028
0.511002
3.18046
14.92945
1.573653
1.5455
1.689778
1.633803
17.24345
12.26415
16.46215
0.77293

3.14679
450.449
67.8668
74.21
5.30386
5.80897
24.485
4.24778
36.3323
4.86361
49.0196
68.6972
6.99936
0.989653
8.4192
3.09344
16.2125
36.3613
8.99098
43.877
1.30185
10.6377
254.439
5.11285
3.78221
8.01708
4.2926
70.13
36.8168
33.0617
3.11662

0.350062
39.70348
11.1083

11.84375
0.813345
0.913071
3.893668
0.683222
4.087627
0.446359
5.367976
5.926717
0.710275
0.140612
0.65637

0.516706
1.804741
3.769785
1.515124
6.064397
0.225375
1.576864
27.40961
0.736551
0.513994
0.952178
0.634446
9.862955
6.250469
3.640687
0.390316
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Table A.3. Summary statistics and standard deviations of 25 log2-transformed warfarin

pharmacogenes.

Gene Min 1st.Qu. Median Mean 3rd.Qu. Max SD
ABCB1 1.796112 3.510364 3.816547 3.839047 4.207215 5.521648 0.520248
APOB 5.822786 7.883725 8.254969 8.184809 8.606896 9.318827 0.560759
APOC1 9.745289 12.15985 12.47152 12.48356 12.85341 14.25757 0.539042
APOE 8.301492 10.23818 10.55921 10.54377 10.85292 12.0883 0.452709
ASPH 2.896462 4.338954 4.711006 4.676571 5.011581 6.14121 0.527514
CALU 2.25476 4.14927 4.533802 4.517355 4.939038 6.528176 0.627428
CRP 6.80497 12.3835 13.0302 12.79558 13.53226 14.53057 1.135866
CYP1Al -4.37721 0.554061 2.092521 2.17409 3.741994 8.507838 2.199044
CYP1A2 -4,1186 2.772198 4.651158 4.309796 5.879303 8.895197 2.248972
CYP2A6 -2.48901 5.51357 7.616409 7.104296 8.884629 11.65591 2.324833
CYP2C18 1.70786 4712222 5.158365 5.065211 5.493759 6.825366 0.662007
CYP2C19  -1.83057 1.865915 3.131278 3.323198 4.746643 8.635221 1.892065
CYP2C9 1.920476 7.282945 8.331564 8.032717 8.946995 10.92853 1.322423
CYP3A4 -1.06739 6.276444 8.423522 7.860195 9.700886 12.37052 2.457711
CYP4F11  2.325864 4.132274 4.430693 4.43508 4.739007 5.787365 0.484927
CYP4F2 1.165385 5.098677 5.591724 5.432225 5.935165 6.967146 0.731579
DDHD1 -1.72875 -0.38024 -0.00209 -0.00669 0.375487 1.982886 0.560138
DNMT3A  -0.67569 0.616454 1.026847 0.988908 1.384861 2.275815 0.516219
EPHX1 3.492251 7.137571 8.081078 7.92757 8.792145 11.17726 1.203412
VKORC1  2.846311 3.58783 3.814259 3.818683 4.033152 5.189753 0.349014
F11 1.936659 4.748652 5.215886 5.071263 5.489529 6.3476 0.66381
F13A1 -5.29115 -1.02134 -0.00684 -0.04183 0.817492 4.791074 1.415251
F2 7.067553 8.546894 8.76688 8.724721 8.999724 9.604887 0.381867
F5 3.867106 6.074172 6.479894 6.437741 6.79239 8.139086 0.527529
F7 2.577337 4.657291 5.097033 4.931531 5.373038 6.219531 0.615058
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Table A.4. Summary statistics and standard deviations of 71 log2-transformation IncRNA genes.

Gene Min 1st.Qu. Median Mean 3rd.Qu. Max SD
A1BG.AS1 -5.31292 -0.94313 -0.24058 -0.35772 0.379831  2.073327  1.119547
A2M.AS1 -5.45799 -1.99493 -1.41394 -1.4627 -0.8743 0.927085  0.916882
ABCC6P1 -1.09331 2.791322  3.247875  3.149462  3.693057  4.791048  0.767946
ABCC6P2 -3.00444 1.142132  1.65178 1.546539  2.091718  4.582062  0.893911
ADORA2A.AS1 -2.55412 1.105227  1.7626 1.601824  2.292576  3.555178  0.961162
AGAP2.AS1 -4.53615 -1.60877 -1.0728 -1.0501 -0.43212 1.796448  0.953561
ALOX12P2 -1.48182 1.258884  1.77874 1.75074 2.304795  4.065271  0.843101
AMZ2P1 -1.25236 0.117023  0.569682  0.569104  1.023265  2.628139  0.668878
ANO1.AS1 -2.96362 1918125  3.113865  2.823468  3.866785  5.890974  1.500091
AOC4P -2.93002 0.879706  1.51422 1.478647 2172925  4.451244  0.946926
APOA1.AS 0.105517 3.880075 4572971 4.461516 5.169424 7.080114 1.01184
APOCI1P1 2.316163  5.321927  6.481962  6.353165  7.450087  9.578667  1.434736
ARAP1.AS1 1568874  3.579518  4.090057  4.129593  4.73194 6.402533  0.830968
ARHGAP5.AS1  -4.4519 -1.8862 -1.27078 -1.39082 -0.84109 0.842697  0.849347
ARSD.AS1 -0.28782 2.48309 2933391  2.96156 3.513201  4.647286  0.690614
ASB16.AS1 -4.95749 -0.44493 -0.0608 -0.06795 0.382246  1.804648  0.693776
ASH1L.AS1 -3.99289 -1.27669 -0.7221 -0.83253 -0.26042 1.456417  0.825731
ASMTL.AS1 -1.1505 1.816843  2.649606  2.519645  3.376769  5.64919 1.230289
AZGP1P1 1.853053  4.019004  4.44517 4411842  4.829389  6.739092  0.607497
BCRP3 -5.15542 -1.9231 -1.15291 -1.30162 -0.56856 1.27032 1.058045
BDNF.AS -3.55185 -1.14532 -0.50426 -0.64937 -0.05675 1.268937  0.830184
BMS1P1 -2.48161 -0.03355 0.450937  0.372204  0.798597  2.300478  0.659134
BTN2A3P -4.64732 -1.98775 -1.37698 -1.45723 -0.89162 0.527221  0.837655
C1RL.AS1 -0.59685 1517183  2.085213  2.015095  2.572291  3.831695  0.793477
C3P1 1.01862 5.093632  5.582804 5566816  6.187918  8.284278  0.907199
C8orf44 -11.1249 -1.29616 -0.64961 -0.78286 -0.09944 2.029379  1.094865
CA5BP1 0.291156  1.621966  1.915684  1.909706  2.21313 3.520649  0.473103
CACTIN.AS1 -2.22358 -0.67016 -0.33403 -0.36092 0.008924  1.282327  0.535423
CASK.AS1 -3.02562 -0.2185 0.287641  0.24135 0.746868  2.725322  0.769849
CATSPER2P1  -2.05272 -0.12138 0.344374  0.288286  0.817653  1.902699  0.701734
CCT6P3 0.16963 1119012  1.473045  1.519168  1.886652  3.501172  0.563649
CD27.AS1 0.344783  2.443847  2.813799  2.786058  3.142036  4.764532  0.58816
CD99P1 -3.75082 -0.43341 -0.06682 -0.08296 0.365347  1.834408  0.704251
CERS6.AS1 -0.18823 1.706542  2.079206  1.993833  2.372705  4.322303  0.603633
CES1P1 6.033117  7.845982  8.265441  8.249771  8.632933  10.54132  0.617879
CKMT2.AS1 -2.49443 0.71022 1.137098  1.057175  1.490754  2.399322  0.658338
CPB2.AS1 -4.1428 -0.77291 -0.15574 -0.27728 0.324061  1.832882  0.91902
CRNDE -3.30097 -0.8399 -0.11687 -0.20462 0.516264  4.271448  1.095125
CROCCP2 2.806734  3.90777 4311015 4.300506  4.667161  6.173483  0.5453
CRYBB2P1 -0.69148 1.231491  1.64175 1.723242 2171218  4.384181  0.795609
CTC.338M12.4 -211.361 -1.26743 -0.77701 -1.44505 -0.31055 1.653881  11.12505
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DANCR
DBH.AS1
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DNM30S
DPY19L2P4
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ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
F11.AS1
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FAM157C
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FAMB86C2P
FAMS86DP
FAMB86EP
FAM99A
FAM99B
FGD5.AS1
FLNB.AS1

-4.88822
2.726836
-2.49683
-1.86401
-4.10226
-0.6822

-3.63975
-3.33705
-4.52368
-3.52361
2.191029
-3.00311
-5.26653
-25.2374
-1.9867

-0.2651

0.531109
-0.65844
1.182584
-4.37101
-2.06611
-3.66723
-2.87221
-2.00662
-2.76278
-2.22431
-21.2691
-0.86927
1.65992

-3.7909

0.710377
3.78743

2.517634
0.058751
-0.22862
1.868655
-0.87577
0.46863

-1.12064
-0.00452
3.380806
-0.75211
-2.2697

-1.39418
-0.15319
1.63413

1.900678
0.877593
3.629464
-2.04576
0.629314
1.241296
-0.35663
-0.14315
-0.1372

-0.20606
2.818475
2.240008
3.556196
-1.45658

2.723561
4.244253
3.479098
0.614944
0.296897
2.514349
-0.21769
1.308866
-0.62559
0.63999

3.653203
-0.13345
-1.79413
-0.68649
0.313611
1.918337
2.371612
1.429405
3.961243
-1.48733
1.183651
2.752333
0.176846
0.306074
0.355198
0.24535

3.411933
3.084083
3.785435
-0.87554

2.550206
4.263993
3.336296
0.521816
0.245813
2.468968
-0.26679
1.309789
-0.67768
0.706232
3.692789
-0.18873
-1.84532
-0.86205
0.204401
1.923554
2.371824
1.396655
3.873406
-1.54694
1.093413
2.537489
0.152215
0.233739
0.321006
0.219756
3.237999
2.883979
3.787388
-0.92954

4.480679
4.706289
4.329394
1.068326
0.848352
3.107621
0.387611
2.278522
-0.21521
1.362175
3.960935
0.389588
-1.35632
-0.12754
0.669026
2.273244
2.799066
1.976562
4.294273
-0.9686

1.669226
3.900011
0.654117
0.628073
0.756829
0.708233
4.107957
3.616375
4.041081
-0.37159

8.81522

6.084634
6.213542
2.407043
2.538282
4.613826
2.086709
5.183181
2.282028
5.615287
6.102179
2.807223
-0.01501
3.073683
1.629212
4.019035
5.184332
3.168478
5.455393
0.380563
3.411114
7.991176
2.354128
1.919229
3.003077
2.101852
6.13196

5.202292
5.047089
1.639982

2.523968
0.678986
1.352718
0.767021
0.980778
0.860901
0.967327
1.333645
0.824889
1.368736
0.513735
0.921256
0.700629
1.645232
0.664277
0.578249
0.693099
0.751521
0.631173
0.861708
0.919432
2.084306
0.804146
0.599911
0.768085
0.713493
1.781041
1.093197
0.380282
0.86483
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Table A.5. Summary statistics and standard deviations of 25 log2-transformed and scaled warfarin

pharmacogenes.

Gene Min 1st.Qu. Median Mean 3rd.Qu. Max SD
ABCB1 -3.92685 -0.63178 -0.04325 -1.55E-16  0.707677 3.234229

APOB -4.21219 -0.53692 0.125116 1.23E-15 0.752707 2.022292
APOC1 -5.07989 -0.60053 -0.02234 6.15E-16 0.686121 3.291044

APOE -4.95303 -0.67504 0.034106 1.52E-15 0.682886 3.411754

ASPH -3.37452 -0.64001 0.065278 -7.82E-17  0.635073 2.776491

CALU -3.60614 -0.58666 0.026213 -5.10E-16  0.672081 3.204861

CRP -5.27404 -0.36278 0.206562 -6.36E-16  0.648569 1.527464
CYP1Al -2.97916 -0.7367 -0.03709 -7.78E-17  0.712993 2.880228

CYP1A2 -3.74767 -0.68369 0.151786 -1.65E-16  0.697877 2.038887
CYP2A6 -4.12645 -0.68423 0.220279 -1.72E-16  0.765789 1.957824
CYP2C18  -5.07147 -0.53321 0.140715 -1.08E-16  0.647346 2.658815
CYP2C19  -2.72388 -0.77021 -0.10143 -1.85E-17  0.752324 2.807526
CYP2C9 -4.622 -0.56697 0.225984 4.17E-16 0.691366 2.189775
CYP3A4 -3.63248 -0.6444 0.229208 -5.95E-17  0.748945 1.835173
CYP4F11  -4.34955 -0.62443 -0.00905 -8.31E-16  0.626749 2.788636
CYP4F2 -5.83237 -0.45593 0.21802 9.51E-17 0.687472 2.098092
DDHD1 -3.07434 -0.66689 0.008217 -8.57E-18  0.682299 3.551948

P PR R R R RPRRRPRRPRRREPERRRRRRERERERPRR

DNMT3A  -3.2246 -0.7215 0.073495 1.08E-16 0.767026 2.49295

EPHX1 -3.68562 -0.65647 0.127561 1.28E-16 0.718436 2.700394
VKORC1  -2.78606 -0.66144 -0.01268 -6.15E-16  0.614501 3.928416
F11 -4.72214 -0.486 0.217869 2.94E-16 0.630099 1.922746
F13A1 -3.70911 -0.69211 0.024725 2.38E-17 0.60719 3.414878
F2 -4.33965 -0.46568 0.110402 1.43E-15 0.720152 2.304899
F5 -4.87297 -0.68919 0.079906 -6.19E-16  0.672283 3.22512

F7 -3.8276 -0.44588 0.269083 -5.65E-16  0.71783 2.094112
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Table A.6. Summary statistics and standard deviations of 71 log2-transformed and scaled IncRNA

genes.
Gene Min 1st.Qu. Median Mean 3rd.Qu. Max SD
Al1BG.AS1 -4.42607 -0.52289 0.104635  4.75E-18 0.658797  2.171458 1
A2M.AS1 -4.35748 -0.58048 0.053181  8.88E-17 0.641742  2.606422 1
ABCC6P1 -5.52482 -0.46636 0.128151  2.47E-16 0.707856  2.137632 1
ABCC6P2 -5.09109 -0.4524 0.117732  1.15E-17 0.609881  3.395778 1
ADORA2A AS1 -4.32388 -0.51666 0.167273  6.19E-17 0.718664  2.032285 1
AGAP2.AS1 -3.65583 -0.58588 -0.02381 -7.34E-18 0.648072 2985174 1
ALOX12P2 -3.83413 -0.58339 0.033211  -1.81E-17 0.657164  2.745261 1
AMZ2P1 -2.72317 -0.67588 0.000864  -3.38E-17 0.678989  3.078344 1
ANO1.AS1 -3.85783 -0.60353 0.193586  5.24E-17 0.695502  2.04488 1
AOC4P -4.65577 -0.63251 0.037566  -8.08E-17 0.733191  3.139208 1
APOAL1.AS -4.30503 -0.57464 0.110151  1.34E-16 0.699625  2.587956 1
APOCI1P1 -2.81376 -0.71877 0.089771  -2.05E-16  0.764546  2.24815 1
ARAP1.AS1 -3.08161 -0.66197 -0.04758 4.62E-16 0.724874  2.735293 1
ARHGAP5.AS1  -3.60404 -0.58325 0.141331  -1.23E-18 0.647242  2.62969 1
ARSD.AS1 -4.70506 -0.69282 -0.04079 -1.91E-16  0.798769  2.44091 1
ASB16.AS1 -7.04771 -0.54337 0.010315  9.31E-19 0.648913  2.699144 1
ASH1L.AS1 -3.82735 -0.5379 0.133739  1.75E-17 0.692845  2.772022 1
ASMTL.AS1 -2.98316 -0.57125 0.105634  8.49E-17 0.696685  2.543749 1
AZGP1P1 -4.21202 -0.64665 0.054862  1.31E-17 0.687325  3.830884 1
BCRP3 -3.64238 -0.58738 0.140556  -3.33E-17  0.692845  2.430842 1
BDNF.AS -3.49619 -0.5974 0.174799  5.99E-17 0.713848  2.310706 1
BMS1P1 -4.32963 -0.61558 0.11945 -3.99E-17 0.646899  2.925465 1
BTN2A3P -3.80835 -0.63334 0.095806  -1.17E-16 0.675231  2.36906 1
C1RL.AS1 -3.29177 -0.62751 0.088369  2.81E-16 0.702222  2.289417 1
C3P1 -5.01345 -0.52159 0.017624  2.15E-16 0.684637  2.995441 1
C8orf44 -9.44599 -0.46883 0.121704  1.99E-18 0.624203  2.56857 1
CA5BP1 -3.42113 -0.6082 0.012635 -1.06E-16  0.641349  3.405054 1
CACTIN.AS1 -3.47886 -0.57757 0.050219  -4.96E-17 0.690749  3.069061 1
CASK.AS1 -4.24364 -0.59732 0.06013 6.42E-18 0.656646  3.226569 1
CATSPER2P1  -3.33603 -0.58379 0.079927  -162E-17 0.754369  2.300604 1
CCT6P3 -2.39429 -0.70994 -0.08183 3.01E-17 0.651974  3.516382 1
CD27.AS1 -4.1507 -0.58183 0.047164  2.75E-16 0.605238  3.363834 1
CD99P1 -5.20817 -0.49762 0.02292 -1.58E-17 0.636575  2.722565 1
CERS6.AS1 -3.61489 -0.47594 0.141432  1.64E-16 0.627653  3.857424 1
CES1P1 -3.58752 -0.65351 0.025362  1.59E-17 0.620126  3.708736 1
CKMT2.AS1 -5.3948 -0.52702 0.121402  1.67E-16 0.658596  2.038689 1
CPB2.AS1 -4.20614 -0.5393 0.132244  -1.15E-17 0.654328  2.296099 1
CRNDE -2.8274 -0.5801 0.080133  1.29E-17 0.658269  4.087272 1
CROCCP2 -2.73936 -0.72022 0.019272  5.43E-16 0.67239 3.434762 1
CRYBB2P1 -3.03506 -0.61808 -0.10243 1.03E-16 0.56306 3.344532 1
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CTC.338M12.4
CYP2B7P
DANCR
DBH.AS1
DENND5B.AS1
DGCR5
DHRS4.AS1
DICER1.AS1
DIO30S
DLEUZ2
DLGAP1.AS1
DNAJC9.AS1
DNM30OS
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
F11.AS1
FAM13A.AS1
FAM157C
FAMS83A.AS1
FAMB86B3P
FAMS86C2P
FAM86DP
FAMSG6EP
FAM99A
FAM99B
FGD5.AS1
FLNB.AS1

-18.8687
-2.94711
-2.2639
-4.31216
-3.11051
-4.43329
-3.66031
-3.48689
-3.48432
-4.66244
-3.09032
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-3.05494
-4.88305
-14.8158
-3.29847
-3.78496
-2.65577
-2.73459
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-3.2773
-3.43639
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-3.76104
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-13.76
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0.015966
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-0.70187
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-0.59656
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-0.23555
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0.105566
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-0.00069
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-0.0484

-0.07705
0.060001
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0.164404
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-0.00031
0.043579
0.139165
0.069178
0.098145
0.103077
0.03063

0.120577
0.044516
0.035871
0.097658
0.183045
-0.00513
0.062447

3.28E-18
6.14E-17
-3.22E-16
-1.29E-16
2.15E-17
-3.50E-18
8.66E-17
8.89E-18
-5.29E-18
1.96E-17
4.02E-17
4.21E-16
3.89E-18
-3.71E-17
-3.46E-17
1.85E-17
-1.57E-16
-2.82E-16
-1.21E-16
2.03E-16
-4.04E-17
-9.10E-17
5.14E-17
-1.84E-17
-9.31E-19
-2.39E-17
-9.00E-18
-8.32E-17
-3.77E-18
-2.35E-16
-5.82E-17

0.101977
0.764856
0.651406
0.73415

0.712509
0.614348
0.741842
0.676499
0.72638

0.560651
0.479232
0.521955
0.627749
0.697948
0.446445
0.699444
0.604738
0.616424
0.771645
0.666801
0.671151
0.62627

0.653705
0.624143
0.657321
0.567416
0.684628
0.488454
0.669958
0.667119
0.64516

0.278554
2.482208
2.681411
2.127011
2.457854
2.337399
2.49141
2.432987
2.904365
3.58801
3.58656
4.689947
3.252031
2.612387
2.392205
2.144906
3.623836
4.057874
2.357651
2.506424
2.236837
2.520796
2.616549
2.7382
2.809567
3.491895
2.637861
1.62487
2.120673
3.312547
2.971136
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APPENDIX B

Table B.1. LncRNA genes selected as predictors to explain the expression of warfarin pharmacogene

ABCBI in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear

regression models.

Lasso Elastic Net Ridge
AlBG.AS1 AIBG.AS1 AIBG.ASI
ABCC6P1 ABCC6P1 A2M.AS1

AGAP2.AS1 AGAP2.AS1 ABCC6P1
ANO1.AS1 ANOI1.AS1 ABCC6P2
APOAL.AS APOAL1.AS ADORA2A.AS1
APOC1P1 APOCI1PI AGAP2.AS1
ARAP1.AS1 ARAP1.AS1 ALOX12P2
ASH1L.AS1 ASHIL.AS1 ANOI1.AS1
ASMTL.AS1 ASMTL.ASI1 AOC4P
AZGP1P1 AZGPI1P1 APOAL.AS
BMS1P1 BMSI1P1 APOCI1P1
CA5BP1 CA5BP1 ARAP1.AS1
CACTIN.AS1 CACTIN.ASI ARHGAPS5.AS1
CASK.AS1 CASK.AS1 ARSD.AS1
CCT6P3 CCT6P3 ASB16.AS1
CERS6.AS1 CERS6.AS1 ASHIL.ASI
CES1P1 CES1P1 ASMTL.AS1
CKMT2.AS1 CKMT2.AS1 AZGP1P1
CROCCP2 CROCCP2 BCRP3
CYP2B7P CYP2B7P BDNF.AS
DENND5B.AS1 DENNDS5B.ASI BMSI1P1
DHRS4.AS1 DHRS4.AS1 BTN2A3P
DIO30S DIO30S CIRL.AS1
DNM30S DNM30S C3P1
DPY19L2P4 DPY19L2P4 CA5BP1
EPB41L4A.AS1 EPB41L4A.AS1 CACTIN.AS1
FAM157C FAM157C CASK.ASI
FAMS86DP FAMS86DP CATSPER2P1
FLNB.AS1 FLNB.ASI CCT6P3
CD27.AS1
CD99P1
CERS6.AS1
CESI1P1
CKMT2.AS1
CRNDE
CROCCP2
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CRYBB2PI
CYP2B7P
DANCR
DBH.AS1
DENNDS5B.ASI
DHRS4.AS1
DICERI1.AS1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.ASI
ERVK13.1
FI11.AS1
FAMI3A.AS1
FAM157C
FAMBS3A.AS1
FAMS86B3P
FAMB86C2P
FAMS86DP
FAMSG6EP
FAMO99A
FAM99B
FGD5.AS1
FLNB.ASI
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Figure B.1. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear
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regression model cross-validation plots. All significant IncRNA genes were tested against warfarin

pharmacogene ABCBI.
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Table B.2. LncRNA genes selected as predictors to explain the expression of warfarin pharmacogenes

APOB in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear

regression models.

Lasso Elastic Net Ridge
A2M.AS1 A1BG.ASI A1BG.ASI1
ABCC6P1 A2M.AS1 A2M.AS1

AOC4P ABCC6P1 ABCC6P1
APOAL.AS AGAP2.AS1 ABCC6P2
APOC1P1 ALOXI12P2 ADORA2A.ASI
ARAP1.AS1 AOC4P AGAP2.ASI1
ARHGAP5.AS1 APOALI.AS ALOXI12P2
ARSD.AS1 APOCI1P1 ANOI1.AS1
ASB16.AS1 ARAPI1.AS1 AOC4P
BMS1P1 ARHGAPS5.AS1 APOA1.AS
CA5BP1 ARSD.AS1 APOCIPI
CATSPER2P1 ASB16.AS1 ARAPI1.AS1
CCT6P3 ASMTL.AS1 ARHGAPS5.ASI1
CD27.AS1 BMSIPI ARSD.ASI1
CERS6.AS1 CA5BP1 ASBI16.AS1
CRNDE CATSPER2PI ASHIL.AS1
CYP2B7P CCT6P3 ASMTL.AS1
DENND5B.AS1 CD27.AS1 AZGPIP1
DICER1.AS1 CERS6.AS1 BCRP3
DLEU2 CKMT2.AS1 BDNF.AS
DNAJC9.AS1 CRNDE BMSI1P1
DPY19L2P4 CYP2B7P BTN2A3P
EAF1.AS1 DANCR CIRL.AS1
ENTPD1.AS1 DENNDS5B.ASI C3P1
EPB41L4A.AS1 DICERI1.ASI CA5BP1
FAM157C DLEU2 CACTIN.AS1
FAMB83A.AS1 DNAJC9.ASI CASK.ASI
FGD5.AS1 DPY19L2P4 CATSPER2P1
FLNB.AS1 EAF1.ASI CCT6P3
ENTPDI1.AS1 CD27.AS1
ENTPD3.AS1 CD99P1
EPB41L4A.AS1 CERS6.AS1
F11.AS1 CES1P1
FAM13A.AS1 CKMT2.AS1
FAM157C CRNDE
FAMS3A.ASI CROCCP2
FAMS86C2P CRYBB2P1
FAM86DP CYP2B7P
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FGD5.ASI DANCR

FLNB.ASI DBH.ASI
DENND5B.ASI

DHRS4.AS1
DICER1.AS1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
FI11.ASI
FAMI3A.AS1
FAM157C
FAMS3A.AS1
FAMS86B3P
FAMS86C2P
FAMS86DP
FAMSOEP
FAMO99A
FAM99B
FGDS5.AS1
FLNB.AS1
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regression model cross-validation plots. All significant IncRNA genes were tested against warfarin

pharmacogene APOB.
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Table B.3. LncRNA genes selected as predictors to explain the expression of the warfarin pharmacogene

APOCI in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear

regression models.

Lasso Elastic Net Ridge
ANO1.AS1 ADORA2A.AS1 A1BG.ASI1
APOAL.AS ANO1.AS1 A2M.AS1
APOC1P1 AOC4P ABCC6P1

ARAP1.AS1 APOA1.AS ABCC6P2
ARHGAP5.AS1 APOCIP1 ADORA2A.ASI
ASB16.AS1 ARAPI1.AS1 AGAP2.ASI1
AZGP1P1 ARHGAPS5.AS1 ALOXI12P2
BCRP3 ASBI16.AS1 ANOI1.AS1
BDNF.AS ASHI1L.AS1 AOC4P
BMS1P1 ASMTL.AS1 APOA1.AS
BTN2A3P AZGP1P1 APOCIPI
C3P1 BCRP3 ARAPI1.AS1
CACTIN.AS1 BDNF.AS ARHGAP5.AS1
CASK.AS1 BMSIPI ARSD.ASI1
CD27.AS1 BTN2A3P ASBI16.AS1
CERS6.AS1 C3P1 ASHIL.AS1
CES1P1 CA5BP1 ASMTL.AS1
CRNDE CACTIN.ASI AZGPIP1
CRYBB2P1 CASK.AS1 BCRP3
DBH.AS1 CCT6P3 BDNEF.AS
DIO30S CD27.AS1 BMSI1P1
DNAJC9.AS1 CERS6.AS1 BTN2A3P
DNM30S CES1P1 CIRL.AS1
DPY19L2P4 CRNDE C3P1
ENTPD1.AS1 CROCCP2 CA5BP1
ENTPD3.AS1 CRYBB2P1 CACTIN.AS1
EPB41L4A.AS1 DBH.ASI1 CASK.ASI
ERVK13.1 DIO30S CATSPER2P1
F11.AS1 DNAJC9.ASI CCT6P3
FAMB83A.AS1 DNM30S CD27.AS1
FAM86B3P DPY19L2P4 CD99P1
FAMB86DP ENTPDI1.AS1 CERS6.AS1
FAM99A ENTPD3.AS1 CES1P1
FGD5.AS1 EPB41L4A.AS1 CKMT2.AS1
ERVKI13.1 CRNDE
F11.AS1 CROCCP2
FAM157C CRYBB2P1
FAMS3A.ASI CYP2B7P
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FAMS&6B3P
FAMS6DP
FAMBGEP
FAM99A
FGD5.AS1

DANCR
DBH.ASI
DENNDS5B.ASI
DHRS4.AS1
DICER1.AS1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPDI1.ASI1
ENTPD3.AS1
EPB41L4A.AS1
ERVKI3.1
F11.AS1
FAMI3A.AS1
FAMI157C
FAMS83A.AS1
FAMB8G6B3P
FAMBS6C2P
FAMS6DP
FAMSGEP
FAM99A
FAM99B
FGD5.AS1
FLNB.ASI
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Figure B.3. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear

regression model cross-validation plots. All significant IncRNA genes were tested against warfarin

pharmacogene APOCI.
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Table B.4. LncRNA genes selected as predictors to explain the expression of warfarin pharmacogene

APOE in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear

regression models.

Lasso Elastic Net Ridge
A1BG.AS1 A1BG.AS1 A1BG.ASI
ABCC6P2 ABCC6P2 A2M.ASI1

ADORA2A AS1 ADORA2A.ASI ABCC6P1
AGAP2.AS1 AGAP2.AS1 ABCC6P2
AOC4P AOC4P ADORA2A.ASI
APOA1.AS APOAL1.AS AGAP2.AS1
APOC1P1 APOCIPI ALOX12P2
ARAP1.AS1 ARAP1.AS1 ANO1.AS1
ARSD.AS1 ARSD.ASI AOC4P
ASMTL.AS1 ASMTL.ASI1 APOA1.AS
BCRP3 BCRP3 APOCI1P1
BDNF.AS BDNF.AS ARAPI.AS1
BMS1P1 BMSI1P1 ARHGAP5.AS1
C1RL.AS1 CIRL.ASI1 ARSD.AS1
C3P1 C3P1 ASB16.AS1
CACTIN.AS1 CACTIN.ASI ASHIL.ASI
CATSPER2P1 CATSPER2P1 ASMTL.ASI1
CD99P1 CD99P1 AZGP1P1
CERS6.AS1 CERS6.AS1 BCRP3
CES1P1 CESI1PI BDNF.AS
CKMT2.AS1 CKMT2.AS1 BMSI1P1
CRNDE CRNDE BTN2A3P
CROCCP2 CROCCP2 CIRL.AS1
CRYBB2P1 CRYBB2P1 C3P1
CYP2B7P CYP2B7P CAS5BP1
DENND5B.AS1 DENND3B.AS1 CACTIN.ASI
DHRS4.AS1 DHRS4.AS1 CASK.ASI
DICER1.AS1 DICER1.AS1 CATSPER2P1
DIO30S DIO30S CCT6P3
DLEU2 DLEU2 CD27.AS1
DNAJC9.AS1 DNAJC9.AS1 CD99P1
DNM30S DNM30S CERS6.AS1
EAF1.AS1 EAF1.AS1 CESI1P1
F11.AS1 F11.AS1 CKMT2.AS1
FAM13A.AS1 FAM13A.AS1 CRNDE
FAM157C FAM157C CROCCP2
FAMB83A.AS1 FAMS3A.AS1 CRYBB2PI
FAM86B3P FAMS86B3P CYP2B7P
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FAMB86C2P
FAM86DP
FAM99A
FGD5.AS1

FAMB6C2P DANCR
FAMS6DP DBH.AS1
FAM99A DENND5B.AS1
FGD5.AS1 DHRS4.AS1
DICER1.ASI1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
FI11.ASI
FAMI3A.AS1
FAMI157C
FAMS3A.AS1
FAMS86B3P
FAMS86C2P
FAMS86DP
FAMBSG6EP
FAMO99A
FAM99B
FGD5.AS1
FLNB.ASI
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Figure B.4. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear
regression model cross-validation plots. All significant IncRNA genes were tested against warfarin

pharmacogene APOE.
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Table B.5. LncRNA genes selected as predictors to explain the expression of the warfarin pharmacogene

ASPH in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear

regression models.

Lasso Elastic Net Ridge
A1BG.AS1 A1BG.ASI A1BG.ASI
A2M.AS1 A2M.ASI1 A2M.AS1
ABCC6P1 ABCC6P1 ABCC6P1
ADORA2A.AS1 ANOI1.AS1 ABCC6P2
ANO1.AS1 AOC4P ADORA2A.ASI
AOC4P APOAI1.AS AGAP2.AS1
APOAL.AS ARAPI1.AS1 ALOXI12P2
ARAP1.AS1 ARHGAPS5.AS1 ANOL1.AS1
ARHGAP5.AS1 ARSD.AS1 AOC4P
ARSD.AS1 ASHIL.AS1 APOAL1.AS
ASB16.AS1 AZGP1P1 APOCIPI
ASH1L.AS1 BCRP3 ARAPI1.AS1
AZGP1P1 BDNF.AS ARHGAP5.AS1
BCRP3 BMSIPI ARSD.ASI
BDNF.AS CIRL.AS1 ASB16.AS1
BMS1P1 C3P1 ASHIL.ASI
C1RL.AS1 CACTIN.AS1 ASMTL.ASI1
C3P1 CATSPER2P1 AZGP1P1
CACTIN.AS1 CD99P1 BCRP3
CATSPER2P1 CERS6.AS1 BDNF.AS
CD99P1 CESI1P1 BMSI1P1
CERS6.AS1 CKMT2.AS1 BTN2A3P
CES1P1 CRNDE CIRL.ASI1
CKMT2.AS1 CROCCP2 C3P1
CRNDE DENNDS5B.ASI CAS5BP1
CROCCP2 DICER1.AS1 CACTIN.ASI
DENND5B.AS1 DIO30S CASK.ASI
DICER1.AS1 DLEU2 CATSPER2P1
DIO30S DPY19L2P4 CCT6P3
DLEU2 EAF1.AS1 CD27.AS1
DPY19L2P4 EPB41L4A.AS1 CD99P1
EAF1.AS1 ERVK13.1 CERS6.AS1
EPB41L4A.AS1 F11.AS1 CESIPI
ERVK13.1 FAM157C CKMT2.AS1
F11.AS1 FAMBS3A.AS1 CRNDE
FAM157C FAMS86C2P CROCCP2
FAMB83A.AS1 FAM86DP CRYBB2P1
FAMB86C2P FAM99A CYP2B7P
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FAM86DP
FAM99A
FGD5.AS1

FGDS5.AS1 DANCR
DBH.AS1
DENNDS5B.AS1
DHRS4.AS1
DICER1.AS1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAFI1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
FI11.AS1
FAMI3A.AS1
FAMI157C
FAMS3A.AS1
FAMS86B3P
FAMS86C2P
FAMS6DP
FAMBGEP
FAMO99A
FAM99B
FGD5.AS1
FLNB.ASI
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Figure B.5. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear

regression model cross-validation plots. All significant IncRNA genes were tested against warfarin

pharmacogene ASPH.
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Table B.6. LncRNA genes selected as predictors to explain the expression of the warfarin pharmacogene

CALU in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear

regression models.

Lasso Elastic Net Ridge
A2M.AS1 A2M.AS1 A1BG.ASI
ABCC6P2 ABCC6P2 A2M.ASI1

ADORA2A.AS1 ADORA2A.ASI ABCC6P1
AGAP2.AS1 AGAP2.AS1 ABCC6P2
ANO1.AS1 ANOI1.AS1 ADORA2A.ASI
AQOC4P AOC4P AGAP2.AS1
APOAL1.AS APOA1.AS ALOXI12P2
APOC1P1 APOCIPI ANOI1.AS1
ARAP1.AS1 ARAP1.AS1 AOC4P
ARHGAP5.AS1 ARHGAP5.AS1 APOAL.AS
ARSD.AS1 ARSD.AS1 APOCIPI
ASB16.AS1 ASHIL.ASI ARAPI.AS1
ASH1L.AS1 ASMTL.ASI1 ARHGAP5.AS1
ASMTL.AS1 BCRP3 ARSD.AS1
BCRP3 BMSI1P1 ASB16.AS1
BMS1P1 BTN2A3P ASHIL.ASI
BTN2A3P C3P1 ASMTL.ASI1
C3P1 CA5BP1 AZGPI1PI1
CA5BP1 CACTIN.ASI BCRP3
CACTIN.AS1 CATSPER2P1 BDNF.AS
CATSPER2P1 CD99P1 BMSIPI
CD99P1 CERS6.AS1 BTN2A3P
CERS6.AS1 CESI1P1 CIRL.AS1
CES1P1 CKMT2.AS1 C3P1
CKMT2.AS1 CRNDE CA5BP1
CRNDE DBH.ASI1 CACTIN.ASI
CROCCP2 DENND3B.ASI CASK.ASI
DANCR DHRS4.AS1 CATSPER2P1
DENND5B.AS1 DICER1.AS1 CCT6P3
DHRS4.AS1 DNAJC9.ASI CD27.AS1
DICER1.AS1 DNM30S CD99P1
DLEU2 DPY19L2P4 CERS6.AS1
DNAJC9.AS1 EAF1.AS1 CESIP1
EAF1.AS1 ENTPDI1.ASI CKMT2.AS1
ENTPD1.AS1 ENTPD3.AS1 CRNDE
ENTPD3.AS1 EPB41L4A.ASI CROCCP2
EPB41L4A.AS1 F11.AS1 CRYBB2PI
F11.AS1 FAM157C CYP2B7P
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FAM13A.AS1
FAM157C
FAMB83A.AS1
FAMB86B3P
FAMB86DP
FAMBSG6EP
FAM99B
FGD5.AS1
FLNB.AS1

FAMS3A.AS1 DANCR
FAMS86B3P DBH.AS1
FAMS86DP DENNDS5B.AS1
FAMSG6EP DHRS4.AS1
FAM99B DICER1.AS1
FGDS5.AS1 DIO30S
FLNB.ASI DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
FI11.ASI
FAMI3A.AS1
FAM157C
FAMS3A.AS1
FAMS86B3P
FAMS86C2P
FAMS86DP
FAMSOEP
FAMO99A
FAM99B
FGDS5.AS1
FLNB.AS1
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Figure B.6. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear

regression model cross-validation plots. All significant IncRNA genes were tested against warfarin

pharmacogene CALU.
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Table B.7. LncRNA genes selected as predictors to explain the expression of the warfarin pharmacogene

CRP in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear

regression models.

Lasso Elastic Net Ridge
A1BG.AS1 A1BG.AS1 A1BG.ASI
ABCC6P1 ABCC6P1 A2M.ASI1
ABCC6P2 ABCC6P2 ABCC6P1
ADORA2A.AS1 ADORA2A.AS1 ABCC6P2
ALOX12P2 ALOXI12P2 ADORA2A.ASI
ANO1.AS1 ANOL1.AS1 AGAP2.AS1
AOC4P AOC4P ALOX12P2
APOA1.AS APOAL1.AS ANO1.AS1
APOC1P1 APOCIPI AOC4P
ARHGAP5.AS1 ARHGAPS5.AS1 APOA1.AS
ASB16.AS1 ASB16.AS1 APOCI1P1
ASH1L.AS1 ASHIL.ASI ARAPI.AS1
ASMTL.AS1 ASMTL.ASI1 ARHGAP5.AS1
C3P1 C3P1 ARSD.AS1
CACTIN.AS1 CACTIN.ASI ASB16.AS1
CATSPER2P1 CATSPER2P1 ASHIL.ASI
CCT6P3 CCT6P3 ASMTL.ASI1
CES1P1 CESI1P1 AZGP1P1
CKMT2.AS1 CKMT2.AS1 BCRP3
CRNDE CRNDE BDNF.AS
CROCCP2 CROCCP2 BMSI1P1
CYP2B7P CYP2B7P BTN2A3P
DANCR DANCR CIRL.AS1
DBH.AS1 DBH.AS1 C3P1
DENND5B.AS1 DENNDS5B.ASI CAS5BP1
DHRS4.AS1 DHRS4.AS1 CACTIN.AS1
DLEU2 DLEU2 CASK.ASI
DNAJC9.AS1 DNAJC9.AS1 CATSPER2P1
DNM30S DNM30S CCT6P3
EPB41L4A.AS1 EPB41L4A.AS1 CD27.AS1
FAM13A.AS1 FAM13A.AS1 CD99P1
FAMB83A.AS1 FAMS3A.AS1 CERS6.AS1
FAM86B3P FAMS86B3P CESI1P1
FAMB86C2P FAMS86C2P CKMT2.AS1
FAMB86DP FAMS86DP CRNDE
FAMB86EP FAMS6EP CROCCP2
FAM99A FAM99A CRYBB2PI
CYP2B7P
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DANCR
DBH.AS1
DENND5B.AS1
DHRS4.AS1
DICER1.ASI1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
FI11.ASI
FAMI3A.AS1
FAMI157C
FAMS3A.AS1
FAMS86B3P
FAMS86C2P
FAMS86DP
FAMSG6EP
FAMO99A
FAM99B
FGD5.AS1
FLNB.ASI
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regression model cross-validation plots. All significant IncRNA genes were tested against warfarin

pharmacogene CRP.
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Table B.8. LncRNA genes selected as predictors to explain the expression of the warfarin pharmacogene

CYPIAI in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear

regression models.

Lasso Elastic Net Ridge
A2M.AS1 A2M.AS1 A1BG.ASI1
ABCC6P1 ABCC6P1 A2M.AS1
ABCC6P2 ABCC6P2 ABCC6P1

ADORA2A.AS1 ADORA2A.AS1 ABCC6P2
AGAP2.AS1 AGAP2.ASI ADORA2A.AS1
AOC4P ANO1.AS1 AGAP2.AS1
APOAL.AS AOC4P ALOXI12P2
APOC1P1 APOA1.AS ANOI1.AS1
ARSD.AS1 APOCIP1 AOC4P
ASB16.AS1 ARAPI1.AS1 APOA1.AS
AZGP1P1 ARSD.AS1 APOCI1P1
BDNF.AS ASBI16.AS1 ARAPI1.AS1
CA5BP1 AZGP1P1 ARHGAPS5.ASI1
CACTIN.AS1 BDNF.AS ARSD.ASI1
CD27.AS1 CIRL.AS1 ASBI16.AS1
CKMT2.AS1 CA5BPI ASHIL.AS1
CROCCP2 CACTIN.AS1 ASMTL.AS1
CRYBB2P1 CATSPER2P1 AZGPIP1
DANCR CCT6P3 BCRP3
DBH.AS1 CD27.AS1 BDNF.AS
DENNDS5B.AS1 CERS6.AS1 BMSI1P1
DHRS4.AS1 CES1P1 BTN2A3P
DICER1.AS1 CKMT2.AS1 CIRL.AS1
DIO30S CRNDE C3P1
DNM30S CROCCP2 CA5BP1
FAM13A.AS1 CRYBB2P1 CACTIN.AS1
FAM157C DANCR CASK.ASI
FAMB83A.AS1 DBH.AS1 CATSPER2P1
FAMB86B3P DENNDS5B.AS1 CCT6P3
FLNB.AS1 DHRS4.AS1 CD27.AS1
DICER1.ASI1 CD99P1
DIO30S CERS6.AS1
DNAJC9.ASI CES1P1
DNM30OS CKMT2.AS1
EAF1.AS1 CRNDE
ENTPDI1.ASI CROCCP2
ERVKI13.1 CRYBB2P1
FAM13A.ASI CYP2B7P
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FAM157C DANCR
FAMS3A.AS1 DBH.AS1
FAMS86B3P DENND5B.AS1
FAMS86C2P DHRS4.AS1
FAMBGEP DICER1.ASI1
FLNB.ASI DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
FI11.ASI
FAMI3A.AS1
FAMI157C
FAMS3A.AS1
FAMS86B3P
FAMS86C2P
FAMS86DP
FAMSG6EP
FAMO99A
FAM99B
FGD5.AS1
FLNB.ASI
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Figure B.8. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear
regression model cross-validation plots. All significant IncRNA genes were tested against warfarin

pharmacogene CYPIAI.
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Table B.9. LncRNA genes selected as predictors to explain the expression of the warfarin pharmacogene

CYPIA?2 in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear

regression models.

Lasso Elastic Net Ridge
ABCC6P1 ABCC6P1 A1BG.ASI
ABCC6P2 ABCC6P2 A2M.ASI1

ADORA2A AS1 ADORA2A.ASI ABCC6P1
AGAP2.AS1 AGAP2.AS1 ABCC6P2
ANO1.AS1 ANOL1.AS1 ADORA2A.ASI
APOC1P1 APOCIPI AGAP2.AS1
ARSD.AS1 ARSD.ASI ALOX12P2
ASB16.AS1 ASB16.AS1 ANO1.AS1
ASH1L.AS1 ASHIL.AS1 AOC4P
AZGP1P1 AZGP1P1 APOA1.AS
BDNF.AS BDNF.AS APOCI1P1
BMS1P1 BMSIPI ARAPI.AS1
CA5BP1 CA5BP1 ARHGAP5.AS1
CATSPER2P1 CATSPER2P1 ARSD.AS1
CD27.AS1 CD27.AS1 ASB16.AS1
CERS6.AS1 CERS6.AS1 ASHIL.ASI
CKMT2.AS1 CKMT2.AS1 ASMTL.ASI1
CRNDE CRNDE AZGP1P1
CRYBB2P1 CRYBB2P1 BCRP3
CYP2B7P CYP2B7P BDNF.AS
DBH.AS1 DBH.ASI1 BMSI1P1
DENND5B.AS1 DENND3B.AS1 BTN2A3P
DHRS4.AS1 DHRS4.AS1 CIRL.AS1
DICER1.AS1 DICER1.AS1 C3P1
DNAJC9.AS1 DNAJC9.AS1 CAS5BP1
DNM30S DNM30S CACTIN.ASI
EAF1.AS1 EAF1.AS1 CASK.ASI
ENTPD1.AS1 ENTPD1.AS1 CATSPER2P1
ENTPD3.AS1 ENTPD3.ASI CCT6P3
EPB41L4A.AS1 EPB41L4A.AS1 CD27.AS1
FAM157C FAM157C CD99P1
FAMB83A.AS1 FAMS3A.AS1 CERS6.AS1
FAM86B3P FAMS86B3P CESI1P1
FAM86DP FAMS86C2P CKMT2.AS1
FAM99A FAMS86DP CRNDE
FAM99B FAM99A CROCCP2
FLNB.AS1 FAM99B CRYBB2PI
FLNB.ASI CYP2B7P
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DANCR
DBH.AS1
DENND5B.AS1
DHRS4.AS1
DICER1.ASI1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
FI11.ASI
FAMI3A.AS1
FAMI157C
FAMS3A.AS1
FAMS86B3P
FAMS86C2P
FAMS86DP
FAMSG6EP
FAMO99A
FAM99B
FGD5.AS1
FLNB.ASI
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Figure B.9. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear

regression model cross-validation plots. All significant IncRNA genes were tested against warfarin

pharmacogene CYPIA2.
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Table B.10. LncRNA genes selected as predictors to explain the expression of the warfarin pharmacogene

CYP2A6 in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear

regression models.

Lasso Elastic Net Ridge
A1BG.AS1 A1BG.ASI A1BG.ASI
A2M.AS1 A2M.AS1 A2M.ASI1

AGAP2.AS1 ABCC6P2 ABCC6P1
ALOX12P2 AGAP2.AS1 ABCC6P2
ANO1.AS1 ALOXI12P2 ADORA2A.ASI
AOC4P ANO1.AS1 AGAP2.AS1
APOAL.AS AOC4P ALOX12P2
ASB16.AS1 APOA1.AS ANOI1.AS1
AZGP1P1 ARSD.AS1 AOC4P
BCRP3 ASB16.AS1 APOA1.AS
BMS1P1 AZGP1P1 APOCIPI
CASK.AS1 BCRP3 ARAP1.AS1
CATSPER2P1 BMSI1P1 ARHGAP5.AS1
CCT6P3 CASK.ASI ARSD.AS1
CD27.AS1 CATSPER2P1 ASB16.AS1
CERS6.AS1 CCT6P3 ASHIL.ASI
CES1P1 CD27.AS1 ASMTL.ASI1
CKMT2.AS1 CERS6.AS1 AZGP1P1
CRNDE CES1P1 BCRP3
CRYBB2P1 CKMT2.AS1 BDNF.AS
CYP2B7P CRNDE BMSI1P1
DANCR CRYBB2PI BTN2A3P
DIO30S CYP2B7P CIRL.ASI1
DLEU2 DANCR C3P1
DPY19L2P4 DICER1.ASI CA5BP1
EAF1.AS1 DIO30S CACTIN.ASI
EPB41L4A.AS1 DLEU2 CASK.ASI
ERVK13.1 DPY19L2P4 CATSPER2P1
FAM86DP EAF1.AS1 CCT6P3
FLNB.AS1 EPB411L4A.AS1 CD27.AS1
ERVK13.1 CD99P1
FAMS86DP CERS6.AS1
FLNB.ASI CESIP1
CKMT2.AS1
CRNDE
CROCCP2
CRYBB2PI
CYP2B7P
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DANCR
DBH.AS1
DENNDS5B.AS1
DHRS4.AS1
DICER1.AS1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
FI11.ASI
FAMI3A.AS1
FAM157C
FAMS3A.AS1
FAMS86B3P
FAMS86C2P
FAMS86DP
FAMSOEP
FAMO99A
FAM99B
FGDS5.AS1
FLNB.AS1
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Figure B.10. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear
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regression model cross-validation plots. All significant IncRNA genes were tested against warfarin

pharmacogene CYP2A6.
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Table B.11. LncRNA genes selected as predictors to explain the expression of the warfarin pharmacogene

CYP2C18 in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear

regression models.

Lasso Elastic Net Ridge
A2M.AS1 A2M.AS1 A1BG.ASI
ABCC6P1 ABCC6P1 A2M.ASI1
ABCC6P2 ABCC6P2 ABCC6P1

AGAP2.AS1 ALOXI12P2 ABCC6P2
ALOX12P2 AOC4P ADORA2A.ASI
ANO1.AS1 APOAL1.AS AGAP2.AS1

AOC4P APOCIPI ALOX12P2
APOAL.AS ARAP1.AS1 ANOI1.AS1
APOC1P1 ARHGAP5.AS1 AOC4P
ARAP1.AS1 ASHIL.AS1 APOA1.AS
ARHGAP5.AS1 AZGP1P1 APOCIPI
ASB16.AS1 BCRP3 ARAP1.AS1
ASH1L.AS1 BDNF.AS ARHGAP5.AS1
AZGP1P1 C3P1 ARSD.AS1
BCRP3 CACTIN.AS1 ASB16.AS1
BDNF.AS CATSPER2P1 ASHIL.ASI
C1RL.AS1 CCT6P3 ASMTL.ASI1
C3P1 CERS6.AS1 AZGP1P1
CACTIN.AS1 CES1P1 BCRP3
CATSPER2P1 CRNDE BDNF.AS
CCT6P3 CROCCP2 BMSI1P1
CD27.AS1 CYP2B7P BTN2A3P
CD99P1 DANCR CIRL.ASI1
CERS6.AS1 DBH.ASI1 C3P1
CES1P1 DENNDS5B.ASI CAS5BP1
CRNDE DHRS4.AS1 CACTIN.AS1
CROCCP2 DICER1.ASI CASK.ASI
CYP2B7P DIO30S CATSPER2P1
DANCR DLEU2 CCT6P3
DBH.AS1 DNAJC9.AS1 CD27.AS1
DENND5B.AS1 DNM30S CD99P1
DHRS4.AS1 DPY19L2P4 CERS6.AS1
DICER1.AS1 ENTPD1.AS1 CESI1P1
DIO30S ENTPD3.ASI CKMT2.AS1
DLEU?2 FAM13A.AS1 CRNDE
DNAJC9.AS1 FAM157C CROCCP2
DNM30S FAMS3A.AS1 CRYBB2PI
DPY19L2P4 FAMS86B3P CYP2B7P
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ENTPD1.AS1
ENTPD3.AS1
FAM13A.AS1
FAM157C
FAMB83A.AS1
FAM86B3P
FAMB86C2P
FAMB86DP
FAMB8G6EP
FAM99B
FGD5.AS1
FLNB.AS1

FAM&6C2P DANCR

FAMS86DP DBH.AS1
FAMBGEP DENND5B.AS1

FAM99B DHRS4.AS1
FGD5.AS1 DICER1.AS1
FLNB.ASI DIO30S

DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
FI11.ASI
FAMI3A.AS1
FAM157C
FAMS3A.AS1
FAMS86B3P
FAMS86C2P
FAMS86DP
FAMSOEP
FAMO99A
FAM99B
FGDS5.AS1
FLNB.AS1
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Figure B.11. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear

regression model cross-validation plots. All significant IncRNA genes were tested against warfarin

pharmacogene CYP2C18.

83



Table B.12. LncRNA genes selected as predictors to explain the expression of the warfarin pharmacogene

CYP2C19 in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear

regression models.

Lasso Elastic Net Ridge
A2M.AS1 A2M.AS1 A1BG.ASI
ABCC6P1 ABCC6P1 A2M.ASI1

AGAP2.AS1 AGAP2.AS1 ABCC6P1
APOAL1.AS APOAI1.AS ABCC6P2
APOC1P1 APOCIPI ADORA2A.ASI
ARSD.AS1 ARSD.AS1 AGAP2.AS1
ASB16.AS1 ASB16.AS1 ALOXI12P2
ASH1L.AS1 ASHIL.AS1 ANO1.AS1
AZGP1P1 AZGP1P1 AOC4P
BDNF.AS BDNF.AS APOAI1.AS
C1RL.AS1 BMSI1P1 APOCI1P1
C3P1 CIRL.AS1 ARAPI.AS1
CA5BP1 C3P1 ARHGAPS5.AS1
CASK.AS1 CAS5BP1 ARSD.AS1
CERS6.AS1 CASK.ASI1 ASB16.AS1
CES1P1 CD27.AS1 ASHIL.ASI
CKMT2.AS1 CERS6.AS1 ASMTL.ASI1
CRNDE CESI1P1 AZGP1P1
CYP2B7P CKMT2.AS1 BCRP3
DBH.AS1 CRNDE BDNF.AS
DENND5B.AS1 CRYBB2P1 BMSI1P1
DICER1.AS1 CYP2B7P BTN2A3P
DLEU2 DBH.ASI1 CIRL.AS1
DNAJC9.AS1 DENND3B.AS1 C3P1
DNM30S DICER1.ASI CAS5BP1
ENTPD1.AS1 DLEU2 CACTIN.AS1
ENTPD3.AS1 DNAJC9.AS1 CASK.ASI
EPB41L4A.AS1 DNM30S CATSPER2P1
ERVK13.1 ENTPD1.ASI CCT6P3
F11.AS1 ENTPD3.AS1 CD27.AS1
FAM13A.AS1 EPB41L4A.AS1 CD99P1
FAM157C ERVK13.1 CERS6.AS1
FAM86B3P F11.AS1 CESI1P1
FAMB86C2P FAM13A.ASI CKMT2.AS1
FAMB86DP FAM157C CRNDE
FAMB86EP FAMS86B3P CROCCP2
FAMS86C2P CRYBB2PI
FAMS86DP CYP2B7P
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FAMSG6EP DANCR
DBH.ASI

DENND5B.AS1
DHRS4.AS1
DICER1.ASI1

DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
FI11.ASI
FAMI3A.AS1
FAMI157C
FAMS3A.AS1
FAMS86B3P
FAMS86C2P
FAMS86DP
FAMSGEP
FAMO99A
FAM99B
FGD5.AS1
FLNB.ASI
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Figure B.12. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear

regression model cross-validation plots. All significant IncRNA genes were tested against warfarin
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Table B.13. LncRNA genes selected as predictors to explain the expression of the warfarin pharmacogene

CYP2C9 in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear

regression models.

Lasso Elastic Net Ridge
ABCC6P1 ABCC6P1 A1BG.ASI
ABCC6P2 ABCC6P2 A2M.ASI1

AGAP2.AS1 AGAP2.AS1 ABCC6P1
ALOX12P2 ALOXI12P2 ABCC6P2
ANO1.AS1 ANOL1.ASI ADORA2A.ASI
APOA1.AS APOAL1.AS AGAP2.AS1

ARHGAP5.AS1 ARHGAPS5.AS1 ALOX12P2
ARSD.AS1 ARSD.ASI1 ANOI1.AS1
ASB16.AS1 ASB16.AS1 AOC4P
ASH1L.AS1 ASHIL.AS1 APOA1.AS
AZGP1P1 AZGP1P1 APOCIPI
BMS1P1 BMSIPI ARAP1.AS1

CACTIN.AS1 CA5BP1 ARHGAP5.AS1
CASK.AS1 CACTIN.ASI ARSD.AS1

CATSPER2P1 CASK.ASI1 ASB16.AS1

CD27.AS1 CATSPER2P1 ASHIL.ASI
CD99P1 CD27.AS1 ASMTL.ASI1
CERS6.AS1 CD99P1 AZGP1P1
CES1P1 CERS6.AS1 BCRP3
CRNDE CESI1P1 BDNF.AS
CROCCP2 CRNDE BMSI1P1
CRYBB2P1 CROCCP2 BTN2A3P
CYP2B7P CRYBB2PI CIRL.ASI1
DHRS4.AS1 CYP2B7P C3P1
DIO30S DHRS4.AS1 CA5BP1
DLEU?2 DIO30S CACTIN.ASI
EAF1.AS1 DLEU2 CASK.ASI
ENTPD1.AS1 EAF1.AS1 CATSPER2P1
EPB41L4A.AS1 ENTPDI1.ASI CCT6P3
ERVK13.1 EPB411L4A.AS1 CD27.AS1

F11.AS1 ERVK13.1 CD99P1

FAMB83A.AS1 F11.AS1 CERS6.AS1

FAM86B3P FAMS3A.AS1 CESIP1
FAM86DP FAMS86B3P CKMT2.AS1
FAM99A FAMS86DP CRNDE
FGD5.AS1 FAM99A CROCCP2
FLNB.AS1 FGD5.AS1 CRYBB2PI
FLNB.ASI CYP2B7P
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DANCR
DBH.AS1
DENNDS5B.AS1
DHRS4.AS1
DICER1.AS1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
FI11.ASI
FAMI3A.AS1
FAM157C
FAMS3A.AS1
FAMS86B3P
FAMS86C2P
FAMS86DP
FAMSOEP
FAMO99A
FAM99B
FGDS5.AS1
FLNB.AS1
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Figure B.13. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear

regression model cross-validation plots. All significant IncRNA genes were tested against warfarin
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Table B.14. LncRNA genes selected as predictors to explain the expression of the warfarin pharmacogene

CYP3A44 in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear

regression models.

Lasso Elastic Net Ridge
A1BG.AS1 A1BG.AS1 A1BG.ASI
A2M.AS1 A2M.ASI1 A2M.ASI1

ADORA2A AS1 ADORA2A.ASI ABCC6P1
ALOX12P2 ALOXI12P2 ABCC6P2
ANO1.AS1 ANOL1.AS1 ADORA2A.ASI

AOC4P AOC4P AGAP2.AS1
APOAL.AS APOAI1.AS ALOX12P2
ARAP1.AS1 ARAP1.AS1 ANO1.AS1
ARHGAP5.AS1 ARHGAP5.AS1 AOC4P
ARSD.AS1 ARSD.AS1 APOA1.AS
ASH1L.AS1 ASHIL.AS1 APOCI1P1
AZGP1P1 AZGPI1P1 ARAPI.AS1
BDNF.AS BDNF.AS ARHGAP5.AS1
BMS1P1 BMSIPI ARSD.AS1
C3P1 CASK.ASI1 ASB16.AS1
CASK.AS1 CERS6.AS1 ASHIL.ASI
CD99P1 CESIP1 ASMTL.ASI1
CERS6.AS1 CKMT2.AS1 AZGP1P1
CES1P1 CRNDE BCRP3
CKMT2.AS1 CYP2B7P BDNF.AS
CRNDE DIO30S BMSI1P1
CYP2B7P DLEU2 BTN2A3P
DIO30S DNM30S CIRL.AS1
DLEU2 EPB41L4A.AS1 C3P1
DNM30S FAMS83A.ASI CAS5BP1
ENTPD1.AS1 FAMS86B3P CACTIN.ASI
EPB41L4A.AS1 FAMS86C2P CASK.ASI
FAMB83A.AS1 FAMS86DP CATSPER2P1
FAM86B3P FAM99A CCT6P3
FAMB86C2P FAM99B CD27.AS1
FAMB86DP FGD5.AS1 CD99P1
FAM99A CERS6.AS1
FAM99B CESI1P1
FGD5.AS1 CKMT2.AS1
CRNDE
CROCCP2
CRYBB2PI
CYP2B7P
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DANCR
DBH.AS1
DENND5B.AS1
DHRS4.AS1
DICER1.ASI1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
FI11.ASI
FAMI3A.AS1
FAMI157C
FAMS3A.AS1
FAMS86B3P
FAMS86C2P
FAMS86DP
FAMSG6EP
FAMO99A
FAM99B
FGD5.AS1
FLNB.ASI
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Figure B.14. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear

regression model cross-validation plots. All significant IncRNA genes were tested against warfarin
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Table B.15. LncRNA genes selected as predictors to explain the expression of the warfarin pharmacogene

CYP4F1I in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear

regression models.

Lasso Elastic Net Ridge
A2M.AS1 A1BG.AS1 A1BG.ASI
ABCC6P1 A2M.ASI1 A2M.ASI1

ADORA2A AS1 ABCC6P1 ABCC6P1
AGAP2.AS1 ADORA2A.AS1 ABCC6P2
ALOX12P2 AGAP2.AS1 ADORA2A.ASI
ANO1.AS1 ALOXI12P2 AGAP2.AS1
AOC4P ANOL1.AS1 ALOX12P2
APOA1.AS AOC4P ANO1.AS1
APOC1P1 APOAI1.AS AOC4P
ARAP1.AS1 APOCI1PI APOA1.AS
ARHGAP5.AS1 ARAPI1.AS1 APOCI1P1
ARSD.AS1 ARHGAPS5.AS1 ARAPI.AS1
ASB16.AS1 ARSD.ASI ARHGAP5.AS1
ASH1L.AS1 ASBI16.AS1 ARSD.AS1
AZGP1P1 ASHIL.AS1 ASB16.AS1
BCRP3 AZGP1P1 ASHIL.ASI
BMS1P1 BCRP3 ASMTL.ASI1
BTN2A3P BMSIPI AZGP1P1
C1RL.AS1 BTN2A3P BCRP3
C3P1 CIRL.ASI BDNF.AS
CACTIN.AS1 C3P1 BMSIPI
CASK.AS1 CACTIN.ASI BTN2A3P
CATSPER2P1 CASK.ASI CIRL.AS1
CCT6P3 CATSPER2P1 C3P1
CD27.AS1 CCT6P3 CAS5BP1
CES1P1 CD27.AS1 CACTIN.ASI
CKMT2.AS1 CESI1P1 CASK.ASI
CRYBB2P1 CKMT2.AS1 CATSPER2P1
DANCR CRYBB2PI CCT6P3
DBH.AS1 DANCR CD27.AS1
DENND5B.AS1 DBH.ASI1 CD99P1
DHRS4.AS1 DENNDS5B.AS1 CERS6.AS1
DICER1.AS1 DHRS4.AS1 CESI1P1
DLEU2 DICER1.ASI CKMT2.AS1
DPY19L2P4 DLEU2 CRNDE
EAF1.AS1 DPY19L2P4 CROCCP2
ENTPD1.AS1 EAF1.AS1 CRYBB2PI
ENTPD3.AS1 ENTPD1.ASI CYP2B7P
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EPB41L4A.AS1
ERVK13.1
F11.AS1
FAM13A.AS1
FAM157C
FAM83A.AS1
FAMB86B3P
FAMB86C2P
FAM86DP
FAM99A
FAM99B
FGD5.AS1
FLNB.AS1

ENTPD3.AS1
EPB411L4A.AS1
ERVK13.1
F11.AS1
FAM13A.AS1
FAM157C
FAMS3A.AS1
FAMS86B3P
FAMS6C2P
FAMS86DP
FAMO99A
FAM99B
FGD5.AS1
FLNB.ASI

DANCR
DBH.AS1
DENND5B.AS1
DHRS4.AS1
DICER1.ASI1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
FI11.ASI
FAMI3A.AS1
FAMI157C
FAMS3A.AS1
FAMS86B3P
FAMS86C2P
FAMS86DP
FAMBSG6EP
FAMO99A
FAM99B
FGD5.AS1
FLNB.ASI
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Figure B.15. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear
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regression model cross-validation plots. All significant IncRNA genes were tested against warfarin

pharmacogene CYP4FI]1.
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Table B.16. LncRNA genes selected as predictors to explain the expression of the warfarin pharmacogene

CYP4F?2 in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear

regression models.

Lasso Elastic Net Ridge
A1BG.AS1 A1BG.AS1 A1BG.ASI
A2M.AS1 A2M.ASI1 A2M.ASI1
ABCC6P1 ABCC6P1 ABCC6P1
ABCC6P2 ABCC6P2 ABCC6P2
ADORA2A AS1 ADORA2A.ASI ADORA2A.ASI
AGAP2.AS1 AGAP2.AS1 AGAP2.AS1
ALOX12P2 ALOXI12P2 ALOX12P2
ANO1.AS1 ANOL1.AS1 ANO1.AS1
AOC4P AOC4P AOC4P
APOAL1.AS APOAL1.AS APOA1.AS
APOC1P1 APOCIPI APOCI1P1
ARAP1.AS1 ARAPI1.AS1 ARAPI.AS1
ARHGAP5.AS1 ARHGAP5.AS1 ARHGAP5.AS1
ARSD.AS1 ARSD.ASI ARSD.AS1
ASH1L.AS1 ASHIL.AS1 ASB16.AS1

AZGP1P1 AZGP1P1 ASHIL.ASI
BCRP3 BCRP3 ASMTL.ASI1
BDNF.AS BDNF.AS AZGP1P1
BMS1P1 BMSI1P1 BCRP3
C3P1 BTN2A3P BDNF.AS
CCT6P3 CIRL.AS1 BMSI1P1
CES1P1 C3P1 BTN2A3P
CKMT2.AS1 CCT6P3 CIRL.AS1
CRNDE CD99P1 C3P1
CRYBB2P1 CESI1P1 CAS5BP1
CYP2B7P CKMT2.AS1 CACTIN.AS1
DANCR CRNDE CASK.ASI
DICER1.AS1 CRYBB2P1 CATSPER2P1
DNM30S CYP2B7P CCT6P3
ENTPD1.AS1 DANCR CD27.AS1
ENTPD3.AS1 DBH.ASI1 CD99P1
ERVK13.1 DICER1.AS1 CERS6.AS1
F11.AS1 DIO30S CESI1P1
FAM13A.AS1 DNM30S CKMT2.AS1
FAMB83A.AS1 ENTPD1.AS1 CRNDE
FAMB86C2P ENTPD3.ASI CROCCP2
FAMB86DP ERVK13.1 CRYBB2PI
FAM99A F11.AS1 CYP2B7P
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FAM13A.AS1 DANCR
FAMS3A.AS1 DBH.AS1
FAMS6C2P DENND5B.AS1
FAMS6DP DHRS4.AS1
FAM99A DICER1.ASI1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
FI11.ASI
FAMI3A.AS1
FAMI157C
FAMS3A.AS1
FAMS86B3P
FAMS86C2P
FAMS86DP
FAMSG6EP
FAMO99A
FAM99B
FGD5.AS1
FLNB.ASI
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Figure B.16. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear
regression model cross-validation plots. All significant IncRNA genes were tested against warfarin

pharmacogene CYP4F2.
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Table B.17. LncRNA genes selected as predictors to explain the expression of the warfarin pharmacogene

DDHDI in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear

regression models.

Lasso Elastic Net Ridge
A1BG.AS1 A1BG.AS1 A1BG.ASI
A2M.AS1 ABCC6P1 A2M.ASI1
ABCC6P1 ABCC6P2 ABCC6P1
ABCC6P2 ADORA2A.AS1 ABCC6P2
ADORA2A AS1 AGAP2.AS1 ADORA2A.ASI
AGAP2.AS1 ALOXI12P2 AGAP2.AS1
ALOX12P2 ANOL1.AS1 ALOX12P2
ANO1.AS1 AOC4P ANO1.AS1
AOC4P APOAI1.AS AOC4P
APOAL1.AS APOCI1PI APOA1.AS
APOC1P1 ARHGAP5.AS1 APOCI1P1
ARAP1.AS1 ARSD.ASI1 ARAPI.AS1
ARHGAP5.AS1 ASB16.AS1 ARHGAP5.AS1
ARSD.AS1 ASHIL.ASI ARSD.AS1
ASB16.AS1 AZGP1P1 ASB16.AS1
ASH1L.AS1 BCRP3 ASHIL.ASI
AZGP1P1 BDNF.AS ASMTL.ASI1
BCRP3 BMSIPI AZGP1P1
BDNF.AS BTN2A3P BCRP3
BMS1P1 CIRL.ASI BDNF.AS
BTN2A3P CA5BP1 BMSI1P1
C1RL.AS1 CACTIN.ASI BTN2A3P
C3P1 CASK.ASI CIRL.AS1
CA5BP1 CCT6P3 C3P1
CACTIN.AS1 CD27.AS1 CAS5BP1
CASK.AS1 CD99P1 CACTIN.ASI
CATSPER2P1 CERS6.AS1 CASK.ASI
CCT6P3 CRNDE CATSPER2P1
CD27.AS1 CROCCP2 CCT6P3
CD99P1 DANCR CD27.AS1
CERS6.AS1 DBH.ASI1 CD99P1
CES1P1 DHRS4.AS1 CERS6.AS1
CRNDE DIO30S CESI1P1
CROCCP2 DLEU2 CKMT2.AS1
DANCR DNAJC9.AS1 CRNDE
DBH.AS1 DPY19L2P4 CROCCP2
DHRS4.AS1 ENTPD1.AS1 CRYBB2PI
DICER1.AS1 ENTPD3.ASI CYP2B7P
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DIO30S
DLEU2
DNAJC9.AS1
DPY19L2P4
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
F11.AS1
FAM13A.AS1
FAM157C
FAMB83A.AS1
FAM86B3P
FAMB86C2P
FAMB86EP
FAM99B
FGD5.AS1
FLNB.AS1

EPB41L4A.AS1
F11.AS1
FAM13A.AS1
FAMI157C
FAMS3A.AS1
FAMS86B3P
FAMS6C2P
FAMSG6EP
FAM99B
FGD5.AS1
FLNB.ASI

DANCR
DBH.AS1
DENND5B.AS1
DHRS4.AS1
DICER1.ASI1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
FI11.ASI
FAMI3A.AS1
FAMI157C
FAMS3A.AS1
FAMS86B3P
FAMS86C2P
FAMS86DP
FAMBSG6EP
FAMO99A
FAM99B
FGD5.AS1
FLNB.ASI
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Figure B.17. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear
regression model cross-validation plots. All significant IncRNA genes were tested against warfarin

pharmacogene DDHD].
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Table B.18. LncRNA genes selected as predictors to explain the expression of the warfarin pharmacogene

DNMT34 in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear

regression models.

Lasso Elastic Net Ridge
A2M.AS1 A2M.AS1 A1BG.ASI
ABCC6P1 ABCC6P1 A2M.ASI1
ABCC6P2 ABCC6P2 ABCC6P1

AGAP2.AS1 AGAP2.AS1 ABCC6P2
ALOX12P2 ALOXI12P2 ADORA2A.ASI
ANO1.AS1 ANO1.AS1 AGAP2.AS1
AOC4P AOC4P ALOX12P2
APOA1.AS APOA1.AS ANOI1.AS1
APOC1P1 APOCIPI AOC4P
ARAP1.AS1 ARAP1.AS1 APOA1.AS
ARHGAP5.AS1 ARHGAPS5.AS1 APOCIPI
ARSD.AS1 ASB16.AS1 ARAP1.AS1
ASB16.AS1 ASHIL.AS1 ARHGAP5.AS1
ASH1L.AS1 ASMTL.AS1 ARSD.AS1
ASMTL.AS1 AZGP1P1 ASB16.AS1
AZGP1P1 BTN2A3P ASHIL.ASI
BCRP3 C3P1 ASMTL.ASI1
BTN2A3P CACTIN.ASI AZGP1P1
C3P1 CASK.ASI BCRP3
CACTIN.AS1 CD99P1 BDNF.AS
CASK.AS1 CERS6.AS1 BMSI1P1
CD99P1 CES1P1 BTN2A3P
CERS6.AS1 CKMT2.AS1 CIRL.ASI1
CES1P1 CROCCP2 C3P1
CKMT2.AS1 CYP2B7P CAS5BP1
CROCCP2 DANCR CACTIN.AS1
CYP2B7P DBH.ASI1 CASK.ASI
DANCR DENND3B.AS1 CATSPER2P1
DBH.AS1 DHRS4.AS1 CCT6P3
DENND5B.AS1 DICER1.AS1 CD27.AS1
DHRS4.AS1 DLEU2 CD99P1
DICER1.AS1 DNAJC9.AS1 CERS6.AS1
DLEU2 DNM30S CESI1P1
DNAJC9.AS1 DPY19L2P4 CKMT2.AS1
DNM30S EAF1.AS1 CRNDE
DPY19L2P4 ENTPDI1.ASI CROCCP2
EAF1.AS1 ENTPD3.AS1 CRYBB2PI
ENTPD1.AS1 F11.AS1 CYP2B7P
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ENTPD3.AS1
F11.AS1
FAM13A.AS1
FAM157C
FAMB83A.AS1
FAM86B3P
FAMB86C2P
FAMB8GEP
FAM99A
FGD5.AS1
FLNB.AS1

FAM13A.AS1
FAM157C
FAMS3A.AS1
FAMS86B3P
FAMS6C2P
FAMSG6EP
FLNB.ASI

DANCR
DBH.AS1
DENND5B.AS1
DHRS4.AS1
DICER1.AS1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
FI11.ASI
FAMI3A.AS1
FAM157C
FAMS3A.AS1
FAMS86B3P
FAMS86C2P
FAMS86DP
FAMSOEP
FAMO99A
FAM99B
FGDS5.AS1
FLNB.AS1
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regression model cross-validation plots. All significant IncRNA genes were tested against warfarin

pharmacogene DNMT3A.
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Table B.19. LncRNA genes selected as predictors to explain the expression of the warfarin pharmacogene

EPHXI in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear

regression models.

Lasso Elastic Net Ridge
ABCC6P1 A1BG.ASI A1BG.ASI
ABCC6P2 ABCC6P1 A2M.ASI1

AGAP2.AS1 ABCC6P2 ABCC6P1
ANO1.AS1 AGAP2.AS1 ABCC6P2
AOC4P ANOL1.ASI ADORA2A.ASI
APOA1.AS AOC4P AGAP2.AS1
APOC1P1 APOA1.AS ALOX12P2
ARAP1.AS1 APOCI1PI ANOI1.AS1
ARHGAP5.AS1 ARAP1.AS1 AOC4P
ARSD.AS1 ARHGAPS5.AS1 APOA1.AS
ASB16.AS1 ARSD.ASI1 APOCIPI
ASH1L.AS1 ASB16.AS1 ARAP1.AS1
ASMTL.AS1 ASHIL.AS1 ARHGAP5.AS1
BCRP3 ASMTL.AS1 ARSD.AS1
BDNF.AS AZGP1P1 ASB16.AS1
BMS1P1 BCRP3 ASHIL.ASI
C1RL.AS1 BDNF.AS ASMTL.ASI1
C3P1 BMSI1P1 AZGP1P1
CA5BP1 CIRL.AS1 BCRP3
CACTIN.AS1 C3P1 BDNF.AS
CASK.AS1 CA5BP1 BMSI1P1
CATSPER2P1 CACTIN.AS1 BTN2A3P
CCT6P3 CASK.ASI CIRL.ASI1
CD27.AS1 CATSPER2P1 C3P1
CD99P1 CCT6P3 CAS5BP1
CES1P1 CD27.AS1 CACTIN.ASI
CRNDE CD99P1 CASK.ASI
CROCCP2 CERS6.AS1 CATSPER2P1
CYP2B7P CESI1P1 CCT6P3
DANCR CRNDE CD27.AS1
DENND5B.AS1 CROCCP2 CD99P1
DICER1.AS1 CYP2B7P CERS6.AS1
DIO30S DANCR CESI1P1
DLEU2 DENNDS5B.ASI CKMT2.AS1
DNAJC9.AS1 DICER1.AS1 CRNDE
DPY19L2P4 DIO30S CROCCP2
EAF1.AS1 DLEU2 CRYBB2PI
ENTPD1.AS1 DNAJC9.AS1 CYP2B7P
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ENTPD3.AS1
F11.AS1
FAMB83A.AS1
FAMB86B3P
FAM86DP
FAM99A
FAM99B
FLNB.AS1

DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
F11.AS1
FAMS3A.AS1
FAMS86B3P
FAMS86DP
FAMSGEP
FAMO99A
FAM99B
FLNB.ASI

DANCR
DBH.AS1
DENND5B.AS1
DHRS4.AS1
DICER1.AS1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
FI11.ASI
FAMI3A.AS1
FAM157C
FAMS3A.AS1
FAMS86B3P
FAMS86C2P
FAMS86DP
FAMSOEP
FAMO99A
FAM99B
FGDS5.AS1
FLNB.AS1
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Figure B.19. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear

regression model cross-validation plots. All significant IncRNA genes were tested against warfarin

pharmacogene EPHXI.
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Table B.20. LncRNA genes selected as predictors to explain the expression of the warfarin pharmacogene

VKORC1 in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear

regression models.

Lasso Elastic Net Ridge
A1BG.AS1 A1BG.AS1 A1BG.ASI
A2M.AS1 A2M.ASI1 A2M.ASI1
ABCC6P2 ABCC6P2 ABCC6P1
ADORA2A.AS1 ADORA2A.AS1 ABCC6P2
AGAP2.AS1 AGAP2.AS1 ADORA2A.ASI
ANO1.AS1 ANOL1.AS1 AGAP2.AS1
AOC4P AOC4P ALOX12P2
APOA1.AS APOAL1.AS ANO1.AS1
APOC1P1 APOCIPI AOC4P
ARAP1.AS1 ARAP1.AS1 APOA1.AS
ARHGAP5.AS1 ARHGAP5.AS1 APOCI1P1
ARSD.AS1 ARSD.ASI1 ARAPI.AS1
ASB16.AS1 ASB16.AS1 ARHGAP5.AS1
ASH1L.AS1 ASHIL.ASI ARSD.AS1
ASMTL.AS1 ASMTL.ASI1 ASB16.AS1
AZGP1P1 AZGP1P1 ASHIL.ASI
BCRP3 BCRP3 ASMTL.ASI1
BTN2A3P BTN2A3P AZGP1P1
C1RL.AS1 CIRL.AS1 BCRP3
C3P1 C3P1 BDNF.AS
CA5BP1 CA5BP1 BMSI1P1
CACTIN.AS1 CACTIN.ASI BTN2A3P
CCT6P3 CCT6P3 CIRL.AS1
CD99P1 CD99P1 C3P1
CERS6.AS1 CERS6.AS1 CAS5BP1
CES1P1 CESI1PI CACTIN.AS1
CKMT2.AS1 CKMT2.AS1 CASK.ASI
CRNDE CRNDE CATSPER2P1
CRYBB2P1 CRYBB2PI CCT6P3
CYP2B7P CYP2B7P CD27.AS1
DANCR DANCR CD99P1
DBH.AS1 DBH.ASI1 CERS6.AS1
DENND5B.AS1 DENND3B.AS1 CESI1P1
DICER1.AS1 DICER1.ASI CKMT2.AS1
DLEU2 DLEU2 CRNDE
DNAJC9.AS1 DNAJC9.AS1 CROCCP2
DNM30S DNM30S CRYBB2PI
DPY19L2P4 DPY19L2P4 CYP2B7P
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ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
F11.AS1
FAM13A.AS1
FAM157C
FAM83A.AS1
FAMB86C2P
FAMS86DP
FAMB8G6EP
FAM99A
FAM99B
FGD5.AS1
FLNB.AS1

EAF1.AS1
ENTPDI1.AS1
ENTPD3.AS1

EPB4114A.AS1
ERVK13.1
F11.AS1
FAMI3A.AS1

FAMI157C

FAMS3A.AS1
FAMS86C2P
FAMS6DP
FAMBGEP
FAMO99A
FAM99B
FGD5.AS1
FLNB.ASI

DANCR
DBH.AS1
DENND5B.AS1
DHRS4.AS1
DICER1.ASI1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
FI11.ASI
FAMI3A.AS1
FAMI157C
FAMS3A.AS1
FAMS86B3P
FAMS86C2P
FAMS86DP
FAMBSG6EP
FAMO99A
FAM99B
FGD5.AS1
FLNB.ASI
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Figure B.20. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear

regression model cross-validation plots. All significant IncRNA genes were tested against warfarin

pharmacogene VKORC].

110



Table B.21. LncRNA genes selected as predictors to explain the expression of the warfarin pharmacogene

F11 in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear

regression models.

Lasso Elastic Net Ridge
A1BG.AS1 A1BG.ASI A1BG.ASI
ABCC6P1 ABCC6P1 A2M.ASI1

AGAP2.AS1 ABCC6P2 ABCC6P1
APOAL1.AS AGAP2.AS1 ABCC6P2
ARAP1.AS1 APOA1.AS ADORA2A.ASI
ARHGAP5.AS1 ARAP1.AS1 AGAP2.AS1
ARSD.AS1 ARHGAPS5.AS1 ALOX12P2
ASB16.AS1 ARSD.ASI1 ANOI1.AS1
ASH1L.AS1 ASB16.AS1 AOC4P
BDNF.AS ASHIL.AS1 APOA1.AS
C3P1 BDNF.AS APOCIPI
CERS6.AS1 C3P1 ARAP1.AS1
CES1P1 CD99P1 ARHGAP5.AS1
CRNDE CERS6.AS1 ARSD.AS1
CROCCP2 CES1P1 ASB16.AS1
CRYBB2P1 CRNDE ASHIL.ASI
CYP2B7P CROCCP2 ASMTL.ASI1
DBH.AS1 CRYBB2PI AZGP1P1
DENND5B.AS1 CYP2B7P BCRP3
DICER1.AS1 DBH.ASI BDNF.AS
DNAJC9.AS1 DENNDS5B.AS1 BMSI1P1
DNM30S DICER1.AS1 BTN2A3P
DPY19L2P4 DNAJC9.AS1 CIRL.ASI1
EAF1.AS1 DNM30S C3P1
ENTPD1.AS1 DPY19L2P4 CA5BP1
EPB41L4A.AS1 EAF1.AS1 CACTIN.ASI
F11.AS1 ENTPDI1.ASI CASK.ASI
FAM13A.AS1 ENTPD3.AS1 CATSPER2P1
FAM157C EPB41L4A.ASI CCT6P3
FLNB.AS1 F11.AS1 CD27.AS1
FAM13A.AS1 CD99P1
FAM157C CERS6.AS1
FAMSG6EP CESIP1
FLNB.ASI CKMT2.AS1
CRNDE
CROCCP2
CRYBB2PI
CYP2B7P
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DANCR
DBH.AS1
DENNDS5B.AS1
DHRS4.AS1
DICER1.AS1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
FI11.ASI
FAMI3A.AS1
FAM157C
FAMS3A.AS1
FAMS86B3P
FAMS86C2P
FAMS86DP
FAMSOEP
FAMO99A
FAM99B
FGDS5.AS1
FLNB.AS1
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Figure B.21. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear

regression model cross-validation plots. All significant IncRNA genes were tested against warfarin

pharmacogene F/1.
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Table B.22. LncRNA genes selected as predictors to explain the expression of the warfarin pharmacogene

F1341 in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear

regression models.

Lasso Elastic Net Ridge
A1BG.AS1 A1BG.AS1 A1BG.ASI
A2M.AS1 A2M.ASI1 A2M.ASI1
ABCC6P2 ABCC6P2 ABCC6P1
ADORA2A.AS1 ADORA2A.AS1 ABCC6P2
AGAP2.AS1 AGAP2.AS1 ADORA2A.ASI
ALOX12P2 ALOXI12P2 AGAP2.AS1
APOC1P1 APOCIPI ALOX12P2
ARAP1.AS1 ARAP1.AS1 ANO1.AS1
ARHGAP5.AS1 ARHGAP5.AS1 AOC4P
ASB16.AS1 ARSD.AS1 APOA1.AS
ASMTL.AS1 ASB16.AS1 APOCI1P1
AZGP1P1 ASMTL.ASI1 ARAPI.AS1
BDNF.AS AZGP1P1 ARHGAP5.AS1
BMS1P1 BDNF.AS ARSD.AS1
CASK.AS1 BMSI1P1 ASB16.AS1
CATSPER2P1 CASK.AS1 ASHIL.ASI
CD27.AS1 CATSPER2P1 ASMTL.ASI1
CERS6.AS1 CCT6P3 AZGP1P1
CES1P1 CD27.AS1 BCRP3
CKMT2.AS1 CERS6.AS1 BDNF.AS
CROCCP2 CESIP1 BMSI1P1
CRYBB2P1 CKMT2.AS1 BTN2A3P
CYP2B7P CROCCP2 CIRL.AS1
DENND5B.AS1 CRYBB2P1 C3P1
DHRS4.AS1 CYP2B7P CAS5BP1
DIO30S DENND3B.AS1 CACTIN.AS1
DNM30S DHRS4.AS1 CASK.ASI
EAF1.AS1 DIO30S CATSPER2P1
ENTPD1.AS1 DNM30S CCT6P3
ENTPD3.AS1 EAF1.AS1 CD27.AS1
EPB41L4A.AS1 ENTPD1.AS1 CD99P1
ERVK13.1 ENTPD3.AS1 CERS6.AS1
FAM13A.AS1 EPB411L4A.AS1 CESI1P1
FAM157C ERVKI13.1 CKMT2.AS1
FAMB83A.AS1 FAM13A.AS1 CRNDE
FAMB86EP FAM157C CROCCP2
FAM99A FAMS3A.AS1 CRYBB2PI
FAM99B FAMS6EP CYP2B7P
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FGD5.AS1
FLNB.AS1

FAM99A DANCR
FAM99B DBH.AS1
FGD5.AS1 DENND5B.AS1
FLNB.ASI DHRS4.AS1
DICER1.ASI1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
FI11.ASI
FAMI3A.AS1
FAMI157C
FAMS3A.AS1
FAMS86B3P
FAMS86C2P
FAMS86DP
FAMSG6EP
FAMO99A
FAM99B
FGD5.AS1
FLNB.ASI
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Figure B.22. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear

regression model cross-validation plots. All significant IncRNA genes were tested against warfarin

pharmacogene F13A41.
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Table B.23. LncRNA genes selected as predictors to explain the expression of the warfarin pharmacogene

F2 in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear regression

models.

Lasso Elastic Net Ridge
A1BG.AS1 A1BG.ASI A1BG.ASI1
ABCC6P1 ABCC6P1 A2M.AS1
ANO1.AS1 ANOI1.AS1 ABCC6P1

AOC4P AOC4P ABCC6P2
APOC1P1 APOCIPI ADORA2A.ASI
ARAP1.AS1 ARAPI1.AS1 AGAP2.AS1
ARHGAP5.AS1 ARHGAPS5.AS1 ALOX12P2
ARSD.AS1 ARSD.AS1 ANOI1.AS1
ASH1L.AS1 ASHI1L.AS1 AOC4P
AZGP1P1 AZGP1P1 APOA1.AS
BCRP3 BCRP3 APOCIPI
BDNF.AS BDNF.AS ARAPI1.AS1
BMS1P1 BMSIPI ARHGAPS5.ASI1
BTN2A3P BTN2A3P ARSD.AS1
C3P1 C3P1 ASBI16.AS1
CA5BP1 CAS5BP1 ASHIL.ASI
CACTIN.AS1 CACTIN.AS1 ASMTL.AS1
CASK.AS1 CASK.ASI AZGP1P1
CATSPER2P1 CATSPER2P1 BCRP3
CCT6P3 CCT6P3 BDNF.AS
CD27.AS1 CD27.AS1 BMSI1P1
CERS6.AS1 CERS6.AS1 BTN2A3P
CES1P1 CES1P1 CIRL.AS1
CRNDE CRNDE C3P1
DBH.AS1 DBH.AS1 CA5BP1
DICER1.AS1 DICER1.AS1 CACTIN.AS1
DLEU2 DLEU2 CASK.ASI
DNAJC9.AS1 DNAJC9.AS1 CATSPER2P1
DNM30S DNM30S CCT6P3
EAF1.AS1 EAF1.AS1 CD27.AS1
ENTPD1.AS1 ENTPDI1.AS1 CD99P1
ENTPD3.AS1 ENTPD3.AS1 CERS6.AS1
ERVK13.1 FAM157C CES1P1
FAM157C FAMS3A.AS1 CKMT2.AS1
FAMB83A.AS1 FAMS86B3P CRNDE
FAM86B3P FAMB6EP CROCCP2
FAMB86DP FAM99A CRYBB2P1
FAMB86EP FAM99B CYP2B7P
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FAM99A
FAM99B
FLNB.AS1

FLNB.ASI DANCR
DBH.ASI

DENNDS5B.AS1
DHRS4.AS1
DICER1.AS1

DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
FI11.ASI
FAMI3A.AS1
FAM157C
FAMS3A.AS1
FAMS6B3P
FAMS86C2P
FAMS86DP
FAMBS6EP
FAMO99A
FAM99B
FGDS5.AS1
FLNB.ASI
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Figure B.23. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear
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regression model cross-validation plots. All significant IncRNA genes were tested against warfarin

pharmacogene F2.
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Table B.24. LncRNA genes selected as predictors to explain the expression of the warfarin pharmacogene

F5 in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear regression

models.

Lasso Elastic Net Ridge
A2M.AS1 A2M.AS1 A1BG.ASI1
ABCC6P1 ABCC6P1 A2M.AS1

ADORA2A AS1 ADORA2A.ASI ABCC6P1
ALOX12P2 ALOXI12P2 ABCC6P2
ANO1.AS1 ANOL1.AS1 ADORA2A.ASI
APOAL.AS APOA1.AS AGAP2.AS1

APOC1P1 APOCIPI ALOX12P2
ARSD.AS1 ARSD.AS1 ANOI1.AS1
ASB16.AS1 ASBI16.AS1 AOC4P
ASH1L.AS1 ASHI1L.AS1 APOA1.AS
AZGP1P1 AZGP1P1 APOCI1P1
BCRP3 BCRP3 ARAPI1.AS1
BMS1P1 BTN2A3P ARHGAPS5.ASI1
BTN2A3P CAS5BP1 ARSD.AS1
CA5BP1 CACTIN.AS1 ASBI16.AS1
CACTIN.AS1 CATSPER2P1 ASHIL.ASI
CATSPER2P1 CCT6P3 ASMTL.AS1
CCT6P3 CD27.AS1 AZGP1P1
CD27.AS1 CERS6.AS1 BCRP3
CERS6.AS1 CES1P1 BDNF.AS
CES1P1 CKMT2.AS1 BMSI1P1
CKMT2.AS1 CRNDE BTN2A3P
CRNDE CROCCP2 CIRL.AS1
CROCCP2 CYP2B7P C3P1
CYP2B7P DENNDS5B.AS1 CA5BP1
DENND5B.AS1 DICERI1.AS1 CACTIN.AS1
DICER1.AS1 DNAJC9.AS1 CASK.ASI
DIO30S DPY19L2P4 CATSPER2P1
DNAJC9.AS1 EAF1.AS1 CCT6P3
DPY19L2P4 ENTPDI1.AS1 CD27.AS1
EAF1.AS1 ENTPD3.AS1 CD99P1
ENTPD1.AS1 EPB41L4A.AS1 CERS6.AS1
ENTPD3.AS1 ERVK13.1 CES1P1

EPB41L4A.AS1 FAMI13A.AS1 CKMT2.AS1

ERVK13.1 FAM157C CRNDE
FAM13A.AS1 FAMS83A.ASI CROCCP2

FAM157C FAMS86B3P CRYBB2P1
FAMB83A.AS1 FAMS86DP CYP2B7P
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FAM86B3P
FAM86DP
FAM99A
FAM99B
FGD5.AS1
FLNB.AS1

FAM99A DANCR
FAM99B DBH.AS1
FGD5.AS1 DENND5B.AS1
FLNB.ASI DHRS4.AS1
DICER1.ASI1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
FI11.ASI
FAMI3A.AS1
FAMI157C
FAMS3A.AS1
FAMS86B3P
FAMS86C2P
FAMS86DP
FAMBSG6EP
FAMO99A
FAM99B
FGD5.AS1
FLNB.ASI
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regression model cross-validation plots. All significant IncRNA genes were tested against warfarin

pharmacogene F35.
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Table B.25. LncRNA genes selected as predictors to explain the expression of the warfarin pharmacogene

F7 in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear regression

models.

Lasso Elastic Net Ridge
ABCC6P1 ABCC6P1 A1BG.ASI
ABCC6P2 ABCC6P2 A2M.AS1

ADORA2A AS1 ADORA2A.ASI ABCC6P1
AGAP2.AS1 AGAP2.AS1 ABCC6P2
ANO1.AS1 ANOL1.AS1 ADORA2A.ASI
AOC4P AOCA4P AGAP2.AS1
APOAL.AS APOAI1.AS ALOX12P2
ARAP1.AS1 ARAPI1.AS1 ANOI1.AS1
ARSD.AS1 ARSD.AS1 AOC4P
ASB16.AS1 ASBI16.AS1 APOA1.AS
ASH1L.AS1 ASHI1L.AS1 APOCI1P1
ASMTL.AS1 ASMTL.AS1 ARAPI1.AS1
AZGP1P1 AZGP1P1 ARHGAPS5.ASI1
BCRP3 BCRP3 ARSD.AS1
CACTIN.AS1 CACTIN.AS1 ASBI16.AS1
CATSPER2P1 CATSPER2P1 ASHIL.ASI
CCT6P3 CCT6P3 ASMTL.AS1
CD27.AS1 CD27.AS1 AZGP1P1

CD99P1 CD99P1 BCRP3

CES1P1 CES1P1 BDNF.AS
CKMT2.AS1 CKMT2.AS1 BMSI1P1

CRNDE CRNDE BTN2A3P

CROCCP2 CROCCP2 CIRL.AS1
CRYBB2P1 CRYBB2P1 C3P1
CYP2B7P CYP2B7P CAS5BP1
DANCR DANCR CACTIN.ASI

DIO30S DIO30S CASK.ASI
DNAJC9.AS1 DNAJC9.AS1 CATSPER2P1

DNM30S DNM30S CCT6P3
ENTPD3.AS1 ENTPD3.AS1 CD27.AS1

F11.AS1 F11.AS1 CD99P1
FAM13A.AS1 FAMI13A.AS1 CERS6.AS1
FAM157C FAM157C CES1P1
FAMB86C2P FAMS86C2P CKMT2.AS1
FAM86DP FAMS86DP CRNDE

FAM99B FAM99B CROCCP2
FGD5.AS1 FGD5.ASI1 CRYBB2P1
CYP2B7P
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DANCR
DBH.AS1
DENND5B.AS1
DHRS4.AS1
DICER1.ASI1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
FI11.ASI
FAMI3A.AS1
FAMI157C
FAMS3A.AS1
FAMS86B3P
FAMS86C2P
FAMS86DP
FAMSG6EP
FAMO99A
FAM99B
FGD5.AS1
FLNB.ASI
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Figure B.25. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear
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regression model cross-validation plots. All significant IncRNA genes were tested against warfarin

pharmacogene F7.
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APPENDIX C

Table C.1. LncRNA genes selected as predictors to explain the expression of all 25 warfarin

pharmacogenes as one group in the context of the best fitting model under Lasso, Elastic Net, and Ridge

penalized linear regression models.

Lasso

Elastic Net Ridge
A1BG.AS1 A1BG.AS1 A1BG.AS1
A2M.AS1 A2M.AS1 A2M.AS1
ABCC6P1 ABCC6P1 ABCC6P1
ABCC6P2 ABCC6P2 ABCC6P2
ADORA2A AS1 ADORA2A.AS1 ADORA2A.ASI
AGAP2.AS1 AGAP2.AS1 AGAP2.AS1
ALOX12P2 ALOXI12P2 ALOXI12P2
ANO1.AS1 ANO1.AS1 ANOI1.AS1
AOC4P AOC4P AOC4P
APOAL.AS APOAI.AS APOAI1.AS
APOC1P1 APOCIP1 APOCIPI
ARAP1.AS1 ARAPI1.AS1 ARAPI1.AS1
ARHGAP5.AS1 ARHGAPS5.AS1 ARHGAPS5.AS1
ARSD.AS1 ARSD.AS1 ARSD.AS1
ASB16.AS1 ASBI16.AS1 ASBI16.AS1
ASH1L.AS1 ASHIL.AS1 ASHIL.AS1
ASMTL.AS1 ASMTL.AS1 ASMTL.ASI1
AZGP1P1 AZGPIP1 AZGPIP1
BCRP3 BCRP3 BCRP3
BDNF.AS BDNF.AS BDNF.AS
BMS1P1 BMSIP1 BMSI1P1
BTN2A3P BTN2A3P BTN2A3P
C1RL.AS1 CIRL.AS1 CIRL.AS1
C3P1 C3P1 C3P1
CA5BP1 CA5BP1 CA5BP1
CACTIN.AS1 CACTIN.AS1 CACTIN.AS1
CASK.AS1 CASK.ASI CASK.ASI
CATSPERZ2P1 CATSPER2P1 CATSPER2P1
CCT6P3 CCT6P3 CCT6P3
CD27.AS1 CD27.AS1 CD27.AS1
CD99P1 CD99P1 CD99P1
CERS6.AS1 CERS6.AS1 CERS6.AS1
CES1P1 CESIP1 CESI1PI
CKMT2.AS1 CKMT2.AS1 CKMT2.AS1
CRNDE CRNDE CRNDE
CROCCP2 CROCCP2 CROCCP2
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CRYBB2P1
CYP2B7P
DANCR
DBH.AS1
DENND5B.AS1
DHRS4.AS1
DICER1.AS1
DIO30S
DLEUZ2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
F11.AS1
FAM13A.AS1
FAM157C
FAM83A.AS1
FAMB86B3P
FAMB86C2P
FAM86DP
FAMB8G6EP
FAM99A
FAM99B
FGD5.AS1
FLNB.AS1

CRYBB2PI
CYP2B7P
DANCR
DBH.AS1
DENNDS5B.ASI
DHRS4.AS1
DICER1.AS1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB4114A.AS1
ERVK13.1
F11.AS1
FAMI3A.AS1
FAM157C
FAMS3A.AS1
FAMS86B3P
FAMS6C2P
FAMS6DP
FAMBGEP
FAMO99A
FAM99B
FGD5.AS1
FLNB.ASI

CRYBB2PI
CYP2B7P
DANCR
DBH.AS1
DENNDS5B.ASI
DHRS4.AS1
DICERI1.AS1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.ASI
ERVK13.1
FI11.AS1
FAMI3A.AS1
FAM157C
FAMBS3A.AS1
FAMS86B3P
FAMB86C2P
FAMS86DP
FAMSG6EP
FAMO99A
FAM99B
FGD5.AS1
FLNB.ASI
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Figure C.1. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear

regression model cross-validation plots. All significant IncRNA genes were tested against all warfarin
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Table C.2. LncRNA genes selected as predictors to explain the expression of 12 warfarin pharmacogenes

(APOC1, APOE, CYP1A42, CYP2A46, CYP2C19, CYP2CY, CYP3A44, CYP4F2, EPHXI, F5, F7, and F11)

in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear regression

models.
Lasso Elastic Net Ridge
A1BG.AS1 A1BG.ASI1 A1BG.AS1
A2M.AS1 A2M.AS1 A2M.AS1
ABCC6P1 ABCC6P1 ABCC6P1
ABCC6P2 ABCC6P2 ABCC6P2
ADORA2A.AS1 ADORA2A.AS1 ADORA2A.AS1
AGAP2.AS1 AGAP2.ASI AGAP2.AS1
ALOX12P2 ALOXI12P2 ALOX12P2
ANO1.AS1 ANOI1.AS1 ANOI1.AS1
AOC4P AOCA4P AOC4P
APOAL.AS APOAI.AS APOAIL.AS
APOC1P1 APOCIP1 APOCIP1
ARAP1.AS1 ARAPI1.AS1 ARAPI.AS1
ARHGAPS.AS1 ARHGAPS5.AS1 ARHGAPS5.AS1
ARSD.AS1 ARSD.AS1 ARSD.AS1
ASB16.AS1 ASB16.AS1 ASB16.AS1
ASH1L.AS1 ASHI1L.AS1 ASHIL.AS1
ASMTL.AS1 ASMTL.ASI1 ASMTL.AS1
AZGP1P1 AZGP1P1 AZGP1P1
BCRP3 BCRP3 BCRP3
BDNF.AS BDNF.AS BDNF.AS
BMS1P1 BMSI1PI BMSIPI
BTN2A3P BTN2A3P BTN2A3P
C1RL.AS1 CIRL.AS1 CIRL.AS1
C3P1 C3P1 C3P1
CA5BP1 CA5BP1 CA5BP1
CACTIN.AS1 CACTIN.AS1 CACTIN.ASI
CASK.AS1 CASK.AS1 CASK.ASI
CATSPER2P1 CATSPER2P1 CATSPER2PI
CCT6P3 CCT6P3 CCT6P3
CD27.AS1 CD27.AS1 CD27.AS1
CD99P1 CD99P1 CD99P1
CERS6.AS1 CERS6.AS1 CERS6.AS1
CES1P1 CES1P1 CES1P1
CKMT2.AS1 CKMT2.AS1 CKMT2.AS1
CRNDE CRNDE CRNDE
CROCCP2 CROCCP2 CROCCP2
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CRYBB2P1
CYP2B7P
DANCR
DBH.AS1
DENND5B.AS1
DICER1.AS1
DIO30S
DLEUZ2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
F11.AS1
FAM13A.AS1
FAM157C
FAMB83A.AS1
FAM86B3P
FAMB86C2P
FAMB86DP
FAMB8G6EP
FAM99A
FAM99B
FGD5.AS1
FLNB.AS1

CRYBB2PI
CYP2B7P
DANCR
DBH.AS1
DENNDS5B.ASI
DHRS4.AS1
DICER1.AS1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB4114A.AS1
ERVK13.1
F11.AS1
FAMI3A.AS1
FAM157C
FAMS3A.AS1
FAMS86B3P
FAMS6C2P
FAMS6DP
FAMBGEP
FAMO99A
FAM99B
FGD5.AS1
FLNB.ASI

CRYBB2PI
CYP2B7P
DANCR
DBH.AS1
DENNDS5B.ASI
DHRS4.AS1
DICERI1.AS1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.ASI
ERVK13.1
FI11.AS1
FAMI3A.AS1
FAM157C
FAMBS3A.AS1
FAMS86B3P
FAMB86C2P
FAMS86DP
FAMSG6EP
FAMO99A
FAM99B
FGD5.AS1
FLNB.ASI
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Figure C.2. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear
regression model cross-validation plots. All significant IncRNA genes were tested against 12 warfarin
pharmacogenes (APOC1, APOE, CYP1A42, CYP2A6, CYP2C19, CYP2CY9, CYP3A44, CYP4F2, EPHXI,

F5, F7, and F1I).
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Table C.3. LncRNA genes selected as predictors to explain the expression of 11 warfarin pharmacogenes

(ABCBI1, APOB, ASPH, CYPIAIl, CYP2C18, CYP4F11, DDHDI, DNMT3A, F1341, F2, and VKORCI)

in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear regression

models.
Lasso Elastic Net Ridge
A1BG.AS1 A1BG.ASI1 A1BG.AS1
A2M.AS1 A2M.AS1 A2M.AS1
ABCC6P1 ABCC6P1 ABCC6P1
ADORA2A AS1 ABCC6P2 ABCC6P2
AGAP2.AS1 ADORA2A.AS1 ADORA2A.AS1
ALOX12P2 AGAP2.ASI AGAP2.AS1
ANO1.AS1 ALOXI12P2 ALOX12P2
AOC4P ANOI1.AS1 ANOI1.AS1
APOAL.AS AOCA4P AOC4P
APOC1P1 APOAI.AS APOAIL.AS
ARAP1.AS1 APOCIP1 APOCIP1
ARHGAP5.AS1 ARAPI1.AS1 ARAPI.AS1
ARSD.AS1 ARHGAPS5.AS1 ARHGAPS5.AS1
ASB16.AS1 ARSD.AS1 ARSD.AS1
ASHI1L.AS1 ASB16.AS1 ASB16.AS1
ASMTL.AS1 ASHI1L.AS1 ASHIL.AS1
AZGP1P1 ASMTL.ASI1 ASMTL.AS1
BCRP3 AZGP1P1 AZGP1P1
BDNF.AS BCRP3 BCRP3
BMS1P1 BDNF.AS BDNF.AS
BTN2A3P BMSI1PI BMSIPI
C1RL.AS1 BTN2A3P BTN2A3P
C3P1 CIRL.AS1 CIRL.AS1
CA5BP1 C3P1 C3P1
CACTIN.AS1 CA5BP1 CA5BP1
CASK.AS1 CACTIN.AS1 CACTIN.ASI
CATSPER2P1 CASK.AS1 CASK.ASI
CCT6P3 CATSPER2P1 CATSPER2PI
CD27.AS1 CCT6P3 CCT6P3
CD99P1 CD27.AS1 CD27.AS1
CERS6.AS1 CD99P1 CD99P1
CES1P1 CERS6.AS1 CERS6.AS1
CKMT2.AS1 CES1P1 CES1P1
CRNDE CKMT2.AS1 CKMT2.AS1
CROCCP2 CRNDE CRNDE
CRYBB2P1 CROCCP2 CROCCP2
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CYP2B7P

CRYBB2PI CRYBB2PI
DANCR CYP2B7P CYP2B7P
DBH.AS1 DANCR DANCR
DENND5B.AS1 DBH.AS1 DBH.AS1
DHRS4.AS1 DENNDS5B.ASI DENNDS5B.ASI
DICER1.AS1 DHRS4.AS1 DHRS4.AS1
DIO30S DICER1.AS1 DICERI1.AS1
DLEUZ2 DIO30S DIO30S
DNAJC9.AS1 DLEU2 DLEU2
DNM30S DNAJC9.AS1 DNAJC9.AS1
DPY19L2P4 DNM3O0S DNM30S
EAF1.AS1 DPY19L2P4 DPY19L2P4
ENTPD1.AS1 EAF1.AS1 EAF1.AS1
ENTPD3.AS1 ENTPD1.AS1 ENTPD1.AS1
EPB41L4A.AS1 ENTPD3.AS1 ENTPD3.AS1
ERVK13.1 EPB4114A.AS1 EPB41L4A.ASI
F11.AS1 ERVK13.1 ERVK13.1
FAM13A.AS1 F11.AS1 FI11.AS1
FAM157C FAMI3A.AS1 FAMI3A.AS1
FAM83A.AS1 FAM157C FAM157C
FAM86B3P FAMS3A.AS1 FAMBS3A.AS1
FAMB86C2P FAMS86B3P FAMZ&6B3P
FAMB86DP FAMS6C2P FAMB86C2P
FAMS8GEP FAMS6DP FAMS86DP
FAM99B FAMBGEP FAMSG6EP
FGD5.AS1 FAMO99A FAM99A
FLNB.AS1 FAM99B FAM99B
FGD5.AS1 FGD5.AS1
FLNB.ASI FLNB.ASI
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Figure C.3. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear
regression model cross-validation plots. All significant IncRNA genes were tested against 11 warfarin
pharmacogenes (ABCBI, APOB, ASPH, CYPIAl, CYP2C18, CYP4F11, DDHDI, DNMT3A, F1341, F2,

and VKORC1I).
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Table C.4. LncRNA genes selected as predictors to explain the expression of two warfarin pharmacogenes

(CALU and CRP) in the context of the best fitting model under Lasso, Elastic Net, and Ridge penalized

linear regression models.

Lasso Elastic Net Ridge
A1BG.AS1 AIBG.ASI A1BG.ASI
A2M.AS1 A2M.AS1 A2M.AS1
ABCC6P1 ABCC6P1 ABCC6P1
ABCC6P2 ABCC6P2 ABCC6P2
ADORA2A AS1 ADORA2A.AS1 ADORA2A.AS1
AGAP2.AS1 AGAP2.AS1 AGAP2.AS1
ALOX12P2 ALOXI12P2 ALOXI12P2
ANO1.AS1 ANO1.AS1 ANOI1.AS1
AOC4P AOC4P AOC4P
APOAL.AS APOA1.AS APOA1.AS
APOC1P1 APOCIPI APOCI1P1
ARHGAPS.AS1 ARAPI1.AS1 ARAPI1.AS1
ARSD.AS1 ARHGAPS5.ASI1 ARHGAPS5.ASI1
ASB16.AS1 ARSD.ASI ARSD.ASI1
ASH1L.AS1 ASBI16.AS1 ASBI16.AS1
ASMTL.AS1 ASHIL.ASI ASHIL.AS1
BCRP3 ASMTL.AS1 ASMTL.AS1
BMS1P1 BCRP3 AZGPIP1
BTN2A3P BMSIP1 BCRP3
C3P1 BTN2A3P BDNF.AS
CA5BP1 C3P1 BMSI1P1
CACTIN.AS1 CAS5BPI BTN2A3P
CATSPER2P1 CACTIN.AS1 CIRL.AS1
CCT6P3 CATSPER2P1 C3P1
CD99P1 CCT6P3 CA5BP1
CERS6.AS1 CD99P1 CACTIN.AS1
CES1P1 CERS6.AS1 CASK.ASI
CKMT2.AS1 CES1P1 CATSPER2P1
CRNDE CKMT2.AS1 CCT6P3
CROCCP2 CRNDE CD27.AS1
CYP2B7P CROCCP2 CD99P1
DANCR CYP2B7P CERS6.AS1
DBH.AS1 DANCR CES1P1
DENND5B.AS1 DBH.ASI1 CKMT2.AS1
DHRS4.AS1 DENNDS5B.AS1 CRNDE
DICER1.AS1 DHRS4.AS1 CROCCP2
DLEU2 DICERI1.AS1 CRYBB2P1
DNAJC9.AS1 DIO30S CYP2B7P
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DNM30S
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
F11.AS1
FAM13A.AS1
FAM157C
FAMB83A.AS1
FAMB86B3P
FAMB86C2P
FAM86DP
FAMB8G6EP
FGD5.AS1
FLNB.AS1

DLEU2
DNAJC9.AS1
DNM3O0S
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB411L4A.AS1
F11.AS1
FAMI3A.AS1
FAMI157C
FAMS3A.AS1
FAMS86B3P
FAMS6C2P
FAMS6DP
FAMSGEP
FAM99A
FGD5.AS1
FLNB.ASI

DANCR
DBH.AS1
DENND5B.AS1
DHRS4.AS1
DICER1.ASI1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
FI11.ASI
FAMI3A.AS1
FAMI157C
FAMS3A.AS1
FAMS86B3P
FAMS86C2P
FAMS86DP
FAMBSG6EP
FAMO99A
FAM99B
FGD5.AS1
FLNB.ASI
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Figure C.4. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear

regression model cross-validation plots. All significant IncRNA genes were tested against two warfarin

pharmacogenes (CALU and CRP).
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Table C.5. LncRNA genes selected as predictors to explain the expression of nine warfarin

pharmacogenes (CYPIA2, CYP2A6, CYP2CY, CYP2C19, CYP3A44, CYP4F2, EPHXI, F7, and F1I) in the

context of the best fitting model under Lasso, Elastic Net, and Ridge penalized linear regression models.

Lasso Elastic Net Ridge
A1BG.AS1 AIBG.ASI A1BG.ASI
A2M.AS1 A2M.AS1 A2M.AS1
ABCC6P1 ABCC6P1 ABCC6P1
ABCC6P2 ABCC6P2 ABCC6P2
ADORA2A AS1 ADORA2A.AS1 ADORA2A.AS1
AGAP2.AS1 AGAP2.AS1 AGAP2.AS1
ALOX12P2 ALOXI12P2 ALOXI12P2
ANO1.AS1 ANO1.AS1 ANOI1.AS1
AOC4P AOC4P AOC4P
APOAL.AS APOA1.AS APOA1.AS
APOC1P1 APOCIPI APOCI1P1
ARAP1.AS1 ARAPI1.AS1 ARAPI1.AS1
ARHGAP5.AS1 ARHGAPS5.ASI1 ARHGAPS5.ASI1
ARSD.AS1 ARSD.ASI ARSD.ASI1
ASB16.AS1 ASBI16.AS1 ASBI16.AS1
ASHI1L.AS1 ASHIL.ASI ASHIL.AS1
ASMTL.AS1 ASMTL.AS1 ASMTL.AS1
AZGP1P1 AZGPIP1 AZGPIP1
BCRP3 BCRP3 BCRP3
BDNF.AS BDNEF.AS BDNF.AS
BMS1P1 BMSI1P1 BMSI1P1
C1RL.AS1 CIRL.AS1 BTN2A3P
C3P1 C3P1 CIRL.AS1
CA5BP1 CA5BP1 C3P1
CACTIN.AS1 CACTIN.AS1 CA5BP1
CASK.AS1 CASK.AS1 CACTIN.ASI
CATSPER2P1 CATSPER2P1 CASK.ASI
CCT6P3 CCT6P3 CATSPER2P1
CD27.AS1 CD27.AS1 CCT6P3
CD99P1 CD99P1 CD27.AS1
CERS6.AS1 CERS6.AS1 CD99P1
CES1P1 CES1P1 CERS6.AS1
CKMT2.AS1 CKMT2.AS1 CES1P1
CRNDE CRNDE CKMT2.AS1
CROCCP2 CROCCP2 CRNDE
CRYBB2P1 CRYBB2P1 CROCCP2
CYP2B7P CYP2B7P CRYBB2P1
DANCR DANCR CYP2B7P
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DBH.AS1 DBH.AS1 DANCR
DENND5B.AS1 DENNDS5B.ASI DBH.ASI
DICER1.AS1 DHRS4.AS1 DENNDS5B.AS1
DIO30S DICER1.AS1 DHRS4.AS1
DLEUZ2 DIO30S DICERI1.AS1
DNAJC9.AS1 DLEU2 DIO30S
DNM30S DNAJC9.AS1 DLEU2
DPY19L2P4 DNM30S DNAJC9.AS1
EAF1.AS1 DPY19L2P4 DNM30S
ENTPD1.AS1 EAF1.AS1 DPY191L.2P4
ENTPD3.AS1 ENTPD1.AS1 EAF1.AS1
EPB41L4A.AS1 ENTPD3.AS1 ENTPDI1.AS1
ERVK13.1 EPB411L4A.AS1 ENTPD3.AS1
F11.AS1 ERVK13.1 EPB4114A.AS1
FAM13A.AS1 F11.AS1 ERVK13.1
FAM157C FAM13A.AS1 FI11.ASI
FAM83A.AS1 FAM157C FAM13A.AS1
FAM86B3P FAMS3A.AS1 FAM157C
FAMB86C2P FAMS86B3P FAMBS3A.AS1
FAM86DP FAMB6C2P FAM86B3P
FAMS8GEP FAMS86DP FAMB&6C2P
FAM99A FAMBGEP FAMS6DP
FAM99B FAMO99A FAMSG6EP
FGD5.AS1 FAM99B FAMO99A
FLNB.AS1 FGD5.AS1 FAM99B
FLNB.ASI FGD5.AS1
FLNB.ASI
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Figure C.5. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear
regression model cross-validation plots. All significant IncRNA genes were tested against nine warfarin

pharmacogenes (CYP1A2, CYP2A46, CYP2CY, CYP2C19, CYP3A44, CYP4F2, EPHXI, F7, and FI1).
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Table C.6. LncRNA genes selected as predictors to explain the expression of three warfarin

pharmacogenes (APOC1, APOE, and F5) in the context of the best fitting model under Lasso, Elastic Net,

and Ridge penalized linear regression models.

Lasso Elastic Net Ridge
A2M.AS1 A2M.AS1 A1BG.ASI1
ABCC6P1 ABCC6P1 A2M.AS1
ABCC6P2 ABCC6P2 ABCC6P1

ADORA2A.AS1 ADORA2A.AS1 ABCC6P2
AGAP2.AS1 AGAP2.ASI ADORA2A.AS1
ALOX12P2 ALOXI12P2 AGAP2.AS1
ANO1.AS1 ANO1.AS1 ALOXI12P2
APOAL.AS APOA1.AS ANOI1.AS1
APOC1P1 APOCIP1 AOC4P
ARAP1.AS1 ARAPI1.AS1 APOA1.AS
ARHGAP5.AS1 ARHGAPS.ASI1 APOCI1P1
ARSD.AS1 ARSD.AS1 ARAPI1.AS1
ASB16.AS1 ASBI16.AS1 ARHGAPS5.ASI1
ASHI1L.AS1 ASHIL.ASI ARSD.ASI1
AZGP1P1 AZGP1P1 ASBI16.AS1
BCRP3 BCRP3 ASHIL.AS1
BDNF.AS BDNF.AS ASMTL.AS1
BMS1P1 BMSI1PI AZGPIP1
BTN2A3P BTN2A3P BCRP3
C3P1 C3P1 BDNF.AS
CA5BP1 CA5SBP1 BMSI1P1
CACTIN.AS1 CACTIN.AS1 BTN2A3P
CASK.AS1 CASK.AS1 CIRL.AS1
CATSPER2P1 CATSPER2PI C3P1
CCT6P3 CCT6P3 CA5BP1
CD27.AS1 CD27.AS1 CACTIN.ASI
CD99P1 CD99P1 CASK.ASI
CERS6.AS1 CERS6.AS1 CATSPER2P1
CES1P1 CESIP1 CCT6P3
CKMT2.AS1 CKMT2.AS1 CD27.AS1
CRNDE CRNDE CD99P1
CROCCP2 CROCCP2 CERS6.AS1
CRYBB2P1 CRYBB2P1 CES1P1
CYP2B7P CYP2B7P CKMT2.AS1
DBH.AS1 DBH.ASI1 CRNDE
DENND5B.AS1 DENNDS5B.AS1 CROCCP2
DHRS4.AS1 DHRS4.AS1 CRYBB2P1
DICER1.AS1 DICERI1.ASI CYP2B7P
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DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
F11.AS1
FAM13A.AS1
FAM157C
FAMB83A.AS1
FAMB86B3P
FAM86DP
FAM99A
FGD5.AS1
FLNB.AS1

DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB4114A.AS1
ERVK13.1
F11.AS1
FAM13A.AS1
FAMI157C
FAMS3A.AS1
FAMS86B3P
FAMS6DP
FAMO99A
FGD5.AS1
FLNB.AS1

DANCR
DBH.AS1
DENND5B.AS1
DHRS4.AS1
DICER1.ASI1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
FI11.ASI
FAMI3A.AS1
FAMI157C
FAMS3A.AS1
FAMS86B3P
FAMS86C2P
FAMS86DP
FAMBSG6EP
FAMO99A
FAM99B
FGD5.AS1
FLNB.ASI
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Figure C.6. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear

regression model cross-validation plots. All significant IncRNA genes were tested against three warfarin

pharmacogenes (APOC1, APOE, and FY5).

143



Table C.7. LncRNA genes selected as predictors to explain the expression of five warfarin pharmacogenes

(APOB, ASPH, CYP2C18, CYP4F1l1, and F2) in the context of the best fitting model under Lasso, Elastic

Net, and Ridge penalized linear regression models.

Lasso Elastic Net Ridge
A1BG.AS1 A1BG.ASI A1BG.ASI1
A2M.AS1 A2M.AS1 A2M.AS1
ABCC6P1 ABCC6P1 ABCC6P1
AGAP2.AS1 AGAP2.AS1 ABCC6P2
ALOX12P2 ALOXI12P2 ADORA2A.ASI
ANO1.AS1 ANO1.AS1 AGAP2.ASI1
AOC4P AOC4P ALOXI12P2
APOAL.AS APOA1.AS ANOI1.AS1
APOC1P1 APOCIP1 AOC4P
ARAP1.AS1 ARAPI1.AS1 APOA1.AS
ARHGAP5.AS1 ARHGAPS5.AS1 APOCIPI
ARSD.AS1 ARSD.AS1 ARAPI1.AS1
ASB16.AS1 ASB16.AS1 ARHGAPS5.ASI1
ASHI1L.AS1 ASHIL.ASI ARSD.ASI1
AZGP1P1 AZGP1P1 ASBI16.AS1
BCRP3 BCRP3 ASHIL.AS1
BDNF.AS BDNF.AS ASMTL.AS1
BMS1P1 BMSIP1 AZGPIP1
BTN2A3P BTN2A3P BCRP3
C1RL.AS1 CI1RL.AS1 BDNF.AS
C3P1 C3P1 BMSI1P1
CA5BP1 CA5BP1 BTN2A3P
CACTIN.AS1 CACTIN.AS1 CIRL.AS1
CASK.AS1 CASK.ASI C3P1
CATSPER2P1 CATSPER2PI CA5BP1
CCT6P3 CCT6P3 CACTIN.ASI
CD27.AS1 CD27.AS1 CASK.ASI
CERS6.AS1 CERS6.AS1 CATSPER2P1
CES1P1 CESI1PI CCT6P3
CKMT2.AS1 CKMT2.AS1 CD27.AS1
CRNDE CRNDE CD99P1
CROCCP2 CROCCP2 CERS6.AS1
CRYBB2P1 CRYBB2P1 CES1P1
CYP2B7P CYP2B7P CKMT2.AS1
DANCR DANCR CRNDE
DBH.AS1 DBH.AS1 CROCCP2
DENND5B.AS1 DENNDS5B.AS1 CRYBB2P1
DHRS4.AS1 DHRS4.AS1 CYP2B7P
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DICER1.AS1 DICER1.AS1 DANCR
DIO30S DIO30S DBH.AS1
DLEU2 DLEU2 DENNDS5B.AS1
DNAJC9.AS1 DNAJC9.AS1 DHRS4.AS1
DNM30S DNM30S DICER1.AS1
DPY19L2P4 DPY19L2P4 DIO30S
EAF1.AS1 EAF1.AS1 DLEU2
ENTPD1.AS1 ENTPD1.AS1 DNAJC9.AS1
ENTPD3.AS1 ENTPD3.AS1 DNM30S
EPB41L4A.AS1 EPB411L4A.AS1 DPY19L2P4
ERVK13.1 ERVK13.1 EAF1.AS1
F11.AS1 F11.AS1 ENTPD1.AS1
FAM13A.AS1 FAMI3A.AS1 ENTPD3.AS1
FAM157C FAM157C EPB41L4A.AS1
FAMB83A.AS1 FAMS3A.AS1 ERVK13.1
FAMB86B3P FAM&6B3P FI11.ASI
FAMB86C2P FAMS86C2P FAMI3A.AS1
FAMS86DP FAMS6DP FAM157C
FAMB8GEP FAMSG6EP FAMS3A.AS1
FAM99A FAMO99A FAMS86B3P
FAM99B FAM99B FAMS86C2P
FGD5.AS1 FGDS5.AS1 FAMS86DP
FLNB.AS1 FLNB.ASI FAMSOEP
FAMO99A
FAM99B
FGDS5.AS1
FLNB.AS1
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Figure C.7. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear

regression model cross-validation plots. All significant IncRNA genes were tested against five warfarin

pharmacogenes (APOB, ASPH, CYP2C18, CYP4Flli, and F2).
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Table C.8. LncRNA genes selected as predictors to explain the expression of two warfarin pharmacogenes

(ABCBI and CYPIAI) in the context of the best fitting model under Lasso, Elastic Net, and Ridge

penalized linear regression models.

Lasso Elastic Net Ridge
A1BG.AS1 AIBG.ASI A1BG.ASI
ABCC6P1 ABCC6P1 A2M.AS1
ABCC6P2 ABCC6P2 ABCC6P1

ADORA2A.AS1 ADORA2A.AS1 ABCC6P2
AGAP2.AS1 AGAP2.ASI ADORA2A.AS1
ANO1.AS1 ANO1.AS1 AGAP2.AS1
APOAL.AS APOAI.AS ALOXI12P2
APOC1P1 APOCIP1 ANOI1.AS1
ARAP1.AS1 ARAPI1.AS1 AOC4P
ARSD.AS1 ARSD.AS1 APOA1.AS
ASB16.AS1 ASBI16.AS1 APOCI1P1
AZGP1P1 AZGP1P1 ARAPI1.AS1
BDNF.AS BDNF.AS ARHGAPS5.ASI1
CA5BP1 BMSI1PI ARSD.ASI1
CACTIN.AS1 CA5BP1 ASBI16.AS1
CASK.AS1 CACTIN.AS1 ASHIL.AS1
CCT6P3 CASK.AS1 ASMTL.AS1
CD27.AS1 CCT6P3 AZGPIP1
CERS6.AS1 CD27.AS1 BCRP3
CES1P1 CERS6.AS1 BDNF.AS
CKMT2.AS1 CES1P1 BMSI1P1
CRNDE CKMT2.AS1 BTN2A3P
CROCCP2 CRNDE CIRL.AS1
CRYBB2P1 CROCCP2 C3P1
CYP2B7P CRYBB2P1 CA5BP1
DBH.AS1 CYP2B7P CACTIN.AS1
DENND5B.AS1 DBH.AS1 CASK.ASI
DHRS4.AS1 DENNDS5B.AS1 CATSPER2P1
DICER1.AS1 DHRS4.AS1 CCT6P3
DIO30S DICERI1.AS1 CD27.AS1
DLEU2 DIO30S CD99P1
DNM30S DLEU2 CERS6.AS1
DPY19L2P4 DNM30S CES1P1
EPB41L4A.AS1 DPY19L2P4 CKMT2.AS1
FAM13A.AS1 EPB41L4A.ASI CRNDE
FAM157C FAMI13A.AS1 CROCCP2
FAM86B3P FAM157C CRYBB2P1
FAMB86DP FAMS86B3P CYP2B7P
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FLNB.AS1

FAMS86DP DANCR
FLNB.ASI DBH.AS1
DENND5B.AS1
DHRS4.AS1
DICER1.ASI1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
FI11.ASI
FAMI3A.AS1
FAMI157C
FAMS3A.AS1
FAMS86B3P
FAMS86C2P
FAMS86DP
FAMSG6EP
FAMO99A
FAM99B
FGD5.AS1
FLNB.ASI
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Figure C.8. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear
regression model cross-validation plots. All significant IncRNA genes were tested against two warfarin

pharmacogenes (ABCBI and CYPIAI).
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Table C.9. LncRNA genes selected as predictors to explain the expression of four warfarin

pharmacogenes (DDHD I, DNMT3A4, F1341, and VKORC1) in the context of the best fitting model under

Lasso, Elastic Net, and Ridge penalized linear regression models.

Lasso Elastic Net Ridge
A1BG.AS1 AIBG.ASI A1BG.ASI
A2M.AS1 A2M.AS1 A2M.AS1
ABCC6P1 ABCC6P1 ABCC6P1
ABCC6P2 ABCC6P2 ABCC6P2
ADORA2A AS1 ADORA2A.AS1 ADORA2A.AS1
AGAP2.AS1 AGAP2.AS1 AGAP2.AS1
ALOX12P2 ALOXI12P2 ALOXI12P2
ANO1.AS1 ANO1.AS1 ANOI1.AS1
AOC4P AOC4P AOC4P
APOAL.AS APOA1.AS APOA1.AS
APOC1P1 APOCIPI APOCI1P1
ARAP1.AS1 ARAPI1.AS1 ARAPI1.AS1
ARHGAP5.AS1 ARHGAPS5.ASI1 ARHGAPS5.ASI1
ARSD.AS1 ARSD.ASI ARSD.ASI1
ASB16.AS1 ASBI16.AS1 ASBI16.AS1
ASHI1L.AS1 ASHIL.ASI ASHIL.AS1
ASMTL.AS1 ASMTL.AS1 ASMTL.AS1
AZGP1P1 AZGPIP1 AZGPIP1
BCRP3 BCRP3 BCRP3
BDNF.AS BDNEF.AS BDNF.AS
BMS1P1 BMSI1P1 BMSI1P1
BTN2A3P BTN2A3P BTN2A3P
C1RL.AS1 CIRL.AS1 CIRL.AS1
C3P1 C3P1 C3P1
CA5BP1 CA5BP1 CA5BP1
CACTIN.AS1 CACTIN.AS1 CACTIN.AS1
CASK.AS1 CASK.ASI CASK.ASI
CCT6P3 CCT6P3 CATSPER2P1
CD27.AS1 CD27.AS1 CCT6P3
CD99P1 CD99P1 CD27.AS1
CERS6.AS1 CERS6.AS1 CD99P1
CES1P1 CES1P1 CERS6.AS1
CKMT2.AS1 CKMT2.AS1 CES1P1
CRNDE CRNDE CKMT2.AS1
CROCCP2 CROCCP2 CRNDE
CRYBB2P1 CRYBB2P1 CROCCP2
CYP2B7P CYP2B7P CRYBB2P1
DANCR DANCR CYP2B7P
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DBH.AS1 DBH.ASI1 DANCR
DENND5B.AS1 DENNDS5B.ASI DBH.AS1
DHRS4.AS1 DHRS4.AS1 DENND5B.AS1
DICER1.AS1 DICER1.AS1 DHRS4.AS1
DIO30S DIO30S DICER1.ASI1
DLEUZ2 DLEU2 DIO30S
DNAJC9.AS1 DNAJC9.AS1 DLEU2
DNM30S DNM30S DNAJC9.AS1
DPY19L2P4 DPY19L2P4 DNM30S
EAF1.AS1 EAF1.AS1 DPY19L2P4
ENTPD1.AS1 ENTPDI1.AS1 EAF1.AS1
ENTPD3.AS1 ENTPD3.AS1 ENTPD1.AS1
EPB41L4A.AS1 EPB411L4A.AS1 ENTPD3.AS1
ERVK13.1 ERVK13.1 EPB41L4A.AS1
F11.AS1 F11.AS1 ERVK13.1
FAM13A.AS1 FAM13A.AS1 FI11.ASI
FAM157C FAM157C FAMI3A.AS1
FAM83A.AS1 FAMS3A.AS1 FAM157C
FAMB86B3P FAMS86B3P FAMS3A.AS1
FAMB86C2P FAMS6C2P FAMS86B3P
FAMS86DP FAMS86DP FAMS86C2P
FAMB8GEP FAMSG6EP FAMS86DP
FAM99A FAMO99A FAMBSG6EP
FAM99B FAM99B FAM99A
FGD5.AS1 FGD5.AS1 FAM99B
FLNB.AS1 FLNB.ASI FGD5.AS1
FLNB.ASI
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Figure C.9. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear

regression model cross-validation plots. All significant IncRNA genes were tested against four warfarin

pharmacogenes (DDHD 1, DNMT3A4, F1341, and VKORCI).
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Table C.10. LncRNA genes selected as predictors to explain the expression of two warfarin

pharmacogenes (CALU and CRP) in the context of the best fitting model under Lasso, Elastic Net, and

Ridge penalized linear regression models.

Lasso Elastic Net Ridge
A1BG.AS1 AIBG.ASI A1BG.ASI
A2M.AS1 A2M.AS1 A2M.AS1
ABCC6P1 ABCC6P1 ABCC6P1
ABCC6P2 ABCC6P2 ABCC6P2
ADORA2A AS1 ADORA2A.AS1 ADORA2A.AS1
AGAP2.AS1 AGAP2.AS1 AGAP2.AS1
ALOX12P2 ALOXI12P2 ALOXI12P2
ANO1.AS1 ANO1.AS1 ANOI1.AS1
AOC4P AOC4P AOC4P
APOAL.AS APOA1.AS APOA1.AS
APOC1P1 APOCIPI APOCI1P1
ARHGAPS.AS1 ARAPI1.AS1 ARAPI1.AS1
ARSD.AS1 ARHGAPS5.ASI1 ARHGAPS5.ASI1
ASB16.AS1 ARSD.ASI ARSD.ASI1
ASH1L.AS1 ASBI16.AS1 ASBI16.AS1
ASMTL.AS1 ASHIL.ASI ASHIL.AS1
BCRP3 ASMTL.AS1 ASMTL.AS1
BMS1P1 BCRP3 AZGPIP1
BTN2A3P BMSIP1 BCRP3
C3P1 BTN2A3P BDNF.AS
CA5BP1 CIRL.AS1 BMSI1P1
CACTIN.AS1 C3P1 BTN2A3P
CATSPER2P1 CA5BP1 CIRL.AS1
CCT6P3 CACTIN.AS1 C3P1
CD99P1 CATSPER2P1 CA5BP1
CERS6.AS1 CCT6P3 CACTIN.ASI
CES1P1 CD99P1 CASK.ASI
CKMT2.AS1 CERS6.AS1 CATSPER2P1
CRNDE CESIP1 CCT6P3
CROCCP2 CKMT2.AS1 CD27.AS1
CYP2B7P CRNDE CD99P1
DANCR CROCCP2 CERS6.AS1
DBH.AS1 CYP2B7P CES1P1
DENND5B.AS1 DANCR CKMT2.AS1
DHRS4.AS1 DBH.ASI1 CRNDE
DICER1.AS1 DENNDS5B.AS1 CROCCP2
DLEU2 DHRS4.AS1 CRYBB2P1
DNAJC9.AS1 DICERI1.ASI CYP2B7P
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DNM30S
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
F11.AS1
FAM13A.AS1
FAM157C
FAMB83A.AS1
FAMB86B3P
FAMB86C2P
FAM86DP
FAMB8G6EP
FAM99A
FGD5.AS1
FLNB.AS1

DIO30S
DLEU2
DNAJC9.AS1
DNM30S
EAF1.AS1
ENTPDI1.AS1
ENTPD3.AS1
EPB411L4A.AS1
F11.AS1
FAMI3A.AS1
FAM157C
FAMS3A.AS1
FAMS86B3P
FAMS6C2P
FAMS6DP
FAMBGEP
FAMO99A
FGD5.AS1
FLNB.AS1

DANCR
DBH.AS1
DENND5B.AS1
DHRS4.AS1
DICER1.ASI1
DIO30S
DLEU2
DNAJC9.AS1
DNM30S
DPY19L2P4
EAF1.AS1
ENTPD1.AS1
ENTPD3.AS1
EPB41L4A.AS1
ERVK13.1
FI11.ASI
FAMI3A.AS1
FAMI157C
FAMS3A.AS1
FAMS86B3P
FAMS86C2P
FAMS86DP
FAMBSG6EP
FAMO99A
FAM99B
FGD5.AS1
FLNB.ASI
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Figure C.10. Panel of Lasso (alpha = 1), Elastic Net (alpha = 0.5), and Ridge (alpha = 0) penalized linear
regression model cross-validation plots. All significant IncRNA genes were tested against two warfarin

pharmacogenes (CALU and CRP).
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