
 

17 
 

 
 
 

Systems Genetics Approaches to Compare Mechanisms of Smooth Muscle Cell Plasticity in 
Quiescent and Proliferative States in Coronary Artery Disease 

(Technical Paper) 
 

 
How the Global Footprint Network Promotes Sustainability  

 
(STS Paper) 

 

A Thesis Prospectus Submitted to the  
 

Faculty of the School of Engineering and Applied Science 
8QLYHUVLW\�RI�9LUJLQLD���&KDUORWWHVYLOOH��9LUJLQLa 

 
In Partial Fulfillment of the Requirements of the Degree 

Bachelor of Science, School of Engineering 
 

Diana Albarracin 
  

November 1, 2021 
 

Technical Project Team Members 
 Noah Perry, Ph.D Candidate 

 

 

On my honor as a University Student, I have neither given nor received 
unauthorized aid on this assignment as defined by the Honor Guidelines 
for Thesis-Related Assignments 

 

 
 

Signature  __________________________________________   Date __________ 
     Diana Albarracin 

 
Approved __________________________________________   Date __________ 

    Mete Civelek, Department of Biomedical Engineering 
 
Approved __________________________________________   Date __________ 

   Hannah Rogers, Department of Engineering and Society 
 

  

ggnffMEB_pEE



 

18 
 

General Research Problem 

+RZ�FDQ�VXVWDLQDEOH�SUDFWLFHV�LPSURYH�SHRSOH¶V�DFFHVV�WR�IRRG? 

Food inaccessibility is a growing concern around the world (Berlin et al., 

2012).   Agricultural production continues to increase to meet the growing demand for food 

(Spiertz, 2009). However, because of their environmental effects, many common agricultural 

practices are unsustainable. More sustainable agricultural techniques are needed to meet current 

and future demand for food. Sustainable means of improving food accessibility may also 

improve cardiovascular health as food insufficiency has been associated with risk factors for 

several cardiovascular diseases (CVDs) (Liu and Eicher-Miller, 2021; Vercammen et al., 

2021).  CVDs include coronary artery disease (CAD), the number-one cause of death worldwide 

(Khera & Kathiresan, 2017). 

 
Systems Genetics Approaches to Compare Mechanisms of Smooth Muscle Cell Plasticity in 

Quiescent and Proliferative States in Coronary Artery Disease 

How can computational approaches be used to design a novel and more comprehensive way of 

comparing quisicient and proliferative states in coronary artery disease? 

Coronary artery disease (CAD) is recognized to be from 40% to 70% heritable, though 

most of the genes associated with it have unknown mechanisms (Khera and Kathiresan, 2017). 

These mechanisms are thought to function by regulation of gene expression in the vascular wall 

where smooth muscle cells (SMCs) play essential roles in the development of atherosclerosis, the 

underlying cause of CAD (Van der Harst Pim and Verweij Niek, 2018). SMCs possess a high 

phenotypic plasticity that plays a role in cardiovascular diseases (Frismantiene et al., 2018). 

Hence, understanding the phenotypic changes in SMCs between the healthy (quiescent) and 

atherogenesis (proliferative) states in CAD may show important underlying mechanisms.  

https://www.zotero.org/google-docs/?KjgtUC
https://www.zotero.org/google-docs/?KjgtUC
https://www-webofscience-com.proxy01.its.virginia.edu/wos/woscc/full-record/WOS:000214660900007
https://www.zotero.org/google-docs/?vilBDI
https://www.zotero.org/google-docs/?JdlnRw
https://www.zotero.org/google-docs/?SAiJCl
https://www.zotero.org/google-docs/?y935Mm
https://www.sciencedirect.com/science/article/pii/S0898656818302031#!
https://www.zotero.org/google-docs/?Lrv2GT
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Different computational approaches are used to identify underlying mechanisms and 

genes in CAD (Langfelder and Horvath, 2008). The current standard methods used to detect 

changes in biological pathways between healthy and disease conditions are differential gene 

expression (DESeq) and gene set enrichment analysis (GSEA) (Anders and Huber, 2010; GSEA, 

n.d.). GSEA yields insights into different diseases by focusing on groups of genes that share 

commonalities such as chromosomal location, regulation or biological function (Subramanian et 

al., 2005). Differential expression analysis works by looking at the level at which specific genes 

are expressed between different conditions. This allows for understanding at which biological 

processes may be affected between the proliferative and quisient conditions in CAD (DGEA, 

n.d.). However, even with these approaches most of the genes associated with CAD still have 

unidentified mechanisms (Khera and Kathiresan, 2017). 

To yield new insights into these unidentified mechanisms associated with CAD, my 

technical project aims to: (1) Investigate existing pathway analysis methods to compare the 

disease and healthy state of CAD, (2) determine optimal methods to predict functions of 

unidentified pathways, and (3) use two different approaches to validate the relevance of the 

novel pathways found. This is an independent project supervised by Dr. Mete Civelek in the 

Biomedical Engineering Department and Noah Perry, a Ph.D student, is my collaborator. 

Methods for this project include performing genotyping and RNA-seq analysis on aortic 

smooth muscle cells from 151 donors cultured in quiescent and proliferative conditions. This is 

followed by performing weighted gene co-expression network analysis (WGCNA) in R 

(Langfelder and Horvath, 2008). WGCNA is a systems biology method for describing the 

correlation patterns among genes and cluster them into modules. Then, module preservation 

statistics will be performed to find modules of highly correlated genes and relating said modules 

https://www.zotero.org/google-docs/?tz3DGD
https://www.zotero.org/google-docs/?OPCndM
https://www.zotero.org/google-docs/?OPCndM
https://www.zotero.org/google-docs/?RaY5Xp
https://www.zotero.org/google-docs/?RaY5Xp
https://www.zotero.org/google-docs/?ugmFlM
https://www.zotero.org/google-docs/?ugmFlM
https://www.zotero.org/google-docs/?hblmIP
https://www.zotero.org/google-docs/?VL6Rmj
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to each other. Module preservation statistics have been shown to be useful for studying 

differences between the modular structure of networks (Langfelder et al., 2011). Comparing the 

least preserved modules between the proliferative and quisient state of the SMCs can 

demonstrate important underlying mechanisms and genes in CAD. These comparisons will be 

done performing Gene Oncology (GO) Term enrichment using Panther to understand which 

pathways are enriched in the unpreserved modules (Mi et al., 2019).  

Identifying more comprehensive methods of comparing proliferative and quisient 

conditions in CAD may advance the genetic research in multiple diseases that have been shown 

to be heritable. Lastly, identifying novel susceptibility mechanisms that function in the vessel 

wall where the disease develops is expected to be key to finding new therapeutic targets for the 

disease.  

 
How the Global Footprint Network Promotes Sustainability 

How has the Global Footprint Network promoted sustainability? 

The Global Footprint Network (GFN), founded in 2003, is a nonprofit that uses United 

1DWLRQV�GDWD�WR�FDOFXODWH�FRXQWULHV¶�(FRORJLFDO�)RRWSULQW��()���*)1��Q�G�F�. The EF is a 

sustainability metric developed in the 1990s by William Rees and Mathis Wackernagel, the CEO 

of GFN. It quantifies human demand on natural ecosystems against their capacity to regenerate 

(Wackernagel & Pearce, 2018). The EF can purportedly determine the theoretical date in a given 

year when, at current rates of consumption, humans will have depleted rHVRXUFHV�EH\RQG�(DUWK¶V�

capacity to regenerate them (GFN, n.d.b). In 2021, this date was July 29th. Though the EF has 

been applied to guide sustainability policies, some researchers contend that it is an inaccurate 

measure (Office, 2006; Van den Bergh and Grazi, 2014). Though the EF has been widely used to 

https://www.zotero.org/google-docs/?z0uHXN
https://www.zotero.org/google-docs/?P83sp4
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SURPRWH�PRUH�VXVWDLQDEOH�SUDFWLFHV��LW�LV�FRQWURYHUVLDO��*)1¶V�VWUDWHJLHV��LQFOXGLQJ�LWV�XVH�RI�WKH�

EF, are therefore worth closer examination. 

Participants include the GFN, WKH�DJHQGD�RI�ZKLFK�LV�WR�FKDQJH�³KRZ�WKe world manages 

LWV�QDWXUDO�UHVRXUFHV´ (GFN, n.d.a). It promotes sustainable practices that are consistent with 

ecological limits as measured by the EF metric. Other participants include nonprofits such as the 

San Francisco Planning and Urban Research Association (SPUR), which uses GFN footprint 

data to guide more sustainable policy (SPUR, 2011). Some advocacies partner with the GFN to 

promote sustainable practices. For example, the Slow Food organization collaborates with GFN 

to promote sustainable food systems (SFI, n.d.). Scientists who criticize the EF have alleged it 

has eight shortcomings as a sustainability metric (Van den Bergh & Grazi, 2014). In response to 

such criticisms, some have proposed changes to the EF (Mancini et al., 2016). 

5HVHDUFKHUV�KDYH�HYDOXDWHG�WKH�()�DV�D�PHDVXUH�RI�KXPDQV¶�GHPDQGV�RQ�QDWXUDO�

ecosystems; some have proposed revisions. For example, Jóhannesson et al. (2019) recommend 

imprRYHPHQWV�WR�()¶V�PDULQH�FRPSRQHQW��*LDPSLHWUR�DQG�6DOWHOOL��������IDXOW�WKH�()�&DUERQ�

Footprint equation for the unclear figures for its variables. While Li et al. (2022) find the EF 

useful, they propose accounting for complexities such as mixed land uses.  

)XUWKHU�VWXG\�RI�WKH�SDUWLFLSDQWV�DQG�WKHLU�UHODWLRQVKLSV�ZLOO�LQGLFDWH�WKH�*)1¶V�LPSDFW�RQ�

sustainability. 7KH�HIIHFWV�RI�WKH�()¶V�OLPLWDWLRQV�RQ�*)1¶V�VXVWDLQDELOLW\�HIIRUWV�DOVR�PHULW�

attention. The effect of the eight proposed limitations of the EF on sustainability measures will 

be assessed. The response of Wackernagel, the codeveloper of the EF, to its alleged faults will 

also be studied. 

  

https://www.zotero.org/google-docs/?cakIac
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