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Introduction
 Zinc, an essential micronutrient associated with the immune system, is known to play a role in the regulation of in biological aging, although its full effect is unclear1. Autophagy is a protective mechanism that disposes of cellular debris such as accumulated lipid droplets, damaged mitochondria, inflammasomes, and other proteins and organelles.1 Autophagy has been linked to both longevity and biological aging in numerous studies and it falls under the hallmark “loss of proteostasis”, which is one of the nine official hallmarks of the aging process and is considered one of the primary hallmarks of aging.2-5 Several longevity/ biological aging pathways have been found to interface with autophagy via dietary/ caloric restriction, exercise , exposure to rapamycin (a mTORC1 inhibitor) and even alcohol.3-6 In addition to autophagy, zinc may regulate the expression of microRNA, the modulation of methylated genes and help regulate the inflammatory response.1-2  Due to its ability to influence human health, it is imperative to study how biological aging interfaces with the micronutrient zinc and examine the possible implications that may arise from this relationship as it relates to longevity. 
Background
Biological aging can be roughly defined as the overall resemblance an individual has to the average age associated changes in their chronological age group.7 Biological aging varies from chronological aging because it suggests that aging can be accelerated or decelerated based upon environmental, genetic, and lifestyle factors.7 As it is currently understood, there are nine hallmarks affiliated with the aging process. These hallmarks are altered intercellular communication, genomic instability, telomere attrition, epigenetic alteration, loss of proteostasis, deregulated nutrient-sensing, mitochondrial dysfunction, stem cell exhaustion, and cellular senescence.2 The primary causes of aging are genomic instability, loss of proteostasis, telomere attrition and epigenetic alterations.2 When these hallmarks are disturbed or damaged, compensatory mechanism are mobilized to ameliorate the response. These compensatory mechanisms are deregulated nutrient sensing, mitochondrial dysfunction, and cellular senescence. 2 Finally, once primary, and secondary hallmarks of aging reach their end, the last two hallmarks in the integrative category become responsible for the common phenotypes seen in aging. These last two hallmark are stem cell exhaustion and altered intercellular communication. 2
Fundamentally, zinc may modulate biological aging via the following pathways. Firstly, zinc may in part inhibit the AMPK/mTOR pathway by inducing Beclin 1; inhibition this pathway has been shown to extend lifespan across various species.2,9-11 It is important to note that the medication Rapamycin, one of the most potent initiators/analogs of this mTOR pathway, works to release Beclin 1 from the Beclin 2 complex to induce autophagy.11 Further, an inflammatory marker known as human plasma C- reactive protein (CRP or HS-CRP) has been found to inhibit Beclin 1’s release from the Beclin 2 complex, thereby inhibiting autophagy as Beclin 1’s release is critical for its intiation.11 Additionally, in order for autophagy to conclude properly, zinc is needed for the degradation of the cargo in the autolysosome.1 Finally, as humans age, the immune response becomes compromised for various reasons, and the number of senescent cells increases; this decreases metallothionein (a protein that sequesters and releases zinc) expression and lowers the amount of available intracellular zinc needed to repair damaged DNA.8  
Turning to the research, a randomized, double-blind placebo control study found that zinc supplementation in individuals who were 56 years old and older significantly reduced concentrations of HS-CRP.12  Following, the Leiden Longevity Study suggests HS-CRP plays an vital role in the prediction of longevity potential in male and female offspring of nonagenarian siblings.13 In mice models, zinc supplementation has shown to prevent or delay age- related, cell-mediated immune responses and increase lifespan.14-15 For example, if the mice were supplemented from the presenescent age, defined as 12-14 months, they had an increased rate of survival and lifespan (up to 33 months) compared to the control; this, in part, was due to a significant reduction of death in middle age because they avoided acquiring cancer.14-15 
Zinc metabolism and tolerance may be, in part, influenced by an organism’s genetic makeup. In both humans and C. elegans, mutations and single nucleotide polymorphisms or SNPs have been identified that relate to zinc.16,17 For example, genes that can increase resistance to zinc toxicity in C. elegans am120 (on chromosome 1), am138 (on chromosome 5) and am132 (on chromosome 10).16  In humans, it is not fully understood how genetic factors influence serum zinc concentration.17 However, one study conducted in 102 Japanese participants found that three SNPs SLC30A3 (rs11126936), SLC39A8 (rs233804), and SLC39A14 (rs4872479) were significantly associated with higher blood zinc concentration.17 Overall, more research needs to be conducted to understand how zinc status interfaces with biological aging and longevity as little is known about zinc in this context.
Objectives & Hypotheses:
The proposed study seeks to investigate the relationship zinc may have with biological aging and longevity in two distinct ways. First, it will analyze epidemiological data collected by the National Health and Nutrition Examination Survey (NHANES) to examine how zinc intake, serum zinc status and alcohol consumption relates to inflammation at the population level, which may influence biological aging and longevity. Second, it will examine genetic data collected by the Gene Expression Omnibus (GEO Profiles) to determine how zinc transporters can be associated with genes related to longevity and autophagy in human and animal datasets. The overarching objective of this study is to understand how biological aging and longevity is influenced by the micronutrient zinc at the population and gene level.
Objective 1:  To investigate if HS-CRP, an inflammatory biomarker affiliated with autophagy and longevity, is associated with serum zinc concentrations, zinc intake and alcohol consumption in a human population when adjusting for age, gender, race/ethnicity, RBC folate, and BMI. 
Hypothesis 1: Moderate alcohol intake, defined as one drink (14 g) per day for woman and one to two (14-28 g) drinks per day per man, and adequate concentrations of circulating serum zinc, defined as 70 to 250 ug/dl, will be associated with lower circulating levels of HS-CRP compared to the those with inadequate and excessive serum zinc. 11,18-23
Hypothesis 2: Moderate alcohol intake, defined as one drink (14 g) per day for woman and one to two (14-28 g) drinks per day per man, and adequate zinc intake, defined as 8 mg/day for women and 11 mg/day for men, will be associated with lower circulating levels of HS-CRP compared to the those with inadequate and excessive zinc intake. 11,18-23


Objective 2: To construct causal networks among zinc transporters, metallothioneins and differentially expressed genes related to longevity, biological aging, and autophagy (see Table 1 below). 17,24-27 The mechanistic processes generated will be analyzed via Bayesian machine learning techniques to determine causal, biological pathways.
Hypothesis 3: Given the role of zinc in inflammation and autophagy, it is expected that one or more Zn transporters and metallothioneins will be involved in, either as driver or effector gene(s), in biological pathways associated with aging and longevity listed in Table 1. 17,24-27
Objective 3: To construct causal networks among zinc transporters, metallothioneins and differentially expressed genes related to longevity, biological aging and autophagy in an array of species (worm, murine and human) to determine if the pathways are conserved.
Hypothesis 4: At least one differentially expressed gene will be conserved across species, contributing to the uniform theory of aging.28
Table 1.1: Possible Target Genes 25-27, 29
Genes related to Autophagy (Human)	Genes related to 	Longevity	(Human)	Genes related to Autophagy (Murine)	Genes related to Longevity	(Murine)	Genes related to Autophagy	 (C. elegans)	Genes related to Longevity	(C. elegans)
Initiation:	ULK	TOMM40/APOE/APOC1 gene cluster	Initiation:	Ulk	Apoe	Initiation:	Unc-51	X
mTOR	FOXO1/FOXO3 /Daf-16	Mtor	Foxo3/Daf-16	TOR-1/ LET-363	Daf-16
RB1CC1	SIRT1-SIRT7	Rb1cc1	Sirt1-Sirt7		X	Sir2
GABARAP	IGF1	Gabarap	Igf-1	LGG-1	Daf-2
Degradation:	RAB7	TFEB (also related to autophagy)	Degradation:	Rab7	Tfeb	Degradation:	RAB-7	HLH-30
LAMP 2	TNFα	Lamp 2	Tnfα	X	TRAF
RAB27/LAMP3	CHRFAM7A	CHRNA7, CHRNA7	Rab27/ Lamp3		Chrna7	X	Eat-2	Eat-18


Study Design and Methods
NHANES: Sample Population & Inclusion Criteria
The objective of the study is to this study is to investigate if HS-CRP, an inflammatory biomarker associated with autophagy and longevity, is associated with serum zinc concentrations, zinc intake and alcohol consumption in a human population when adjusting for age, gender, race/ethnicity, RBC folate and BMI. 11,18-23 The National Health and Nutrition Examination Survey (NHANES) is a program created by the federal government to monitor the health status of the American population.30 The study will evaluate the 2015-2016 NHANES dataset. This dataset is cross-sectional and will have a starting sample population of roughly 9900 participants. However, if a participant is under the age of 20, or if HS-CRP is missing or below rate of detection, it will be excluded from the study. In addition to covariates often used in regressions analysis, RBC folate will be included as a proxy, quality control marker of fruit and vegetable consumption, which is known to be anti-inflammatory.21 Information on how the exposures variables, outcome variable, covariates were gathered, processed and analyzed can be found here https://wwwn.cdc.gov/Nchs/Nhanes/ContinuousNhanes/Default.aspx?BeginYear=2015. 
Analysis (Objective 1)
Data will be downloaded from the CDC and imported into R. Then, all continuous variables will be recategorized into categorical variables, which except for age (as this is subjective), will be categorized based off accepted medical reference ranges and or industry standards. Descriptive statistic in terms of frequencies and percent will be reported. Two forms of data analysis will be conducted. One, using the raw data excluding all missing variables and another using data imputation. For the latter, most variables will be missing data, so imputation methods via the algorithm (“mice”) will be used to reduce bias and will be inspected thoroughly for its accuracy by using the count feature in the package (“plyr”) .31-33 Ultimately, the NHANES datasets ( raw and imputated) will be evaluated via a Bayesian Logistic Regression to determine if HS-CRP is associated with serum zinc concentrations, zinc intake and alcohol consumption when adjusting for age, gender, race/ethnicity, red blood cell folate levels and BMI. The analysis will report the priors used, classification models, credible intervals, odds ratio, HDI and AUC.
GEO Profiles: Sample Population and Inclusion Criteria (Objectives 2 and 3)
       All the datasets for objectives two and three derive from the Gene Expression Omnibus repository of National Center for Biotechnology of the National Institute of Health.34 The datasets are listed in Table 2 below and features a mixture of microarray and RNA-seq data. Both types of data feature human, murine and worm samples.  In terms of the inclusion criteria for this proposal, the dataset needed to be upload to GEO profiles and it had to be related to zinc, autophagy, biological aging, longevity to be considered for analysis. More specifically, subjects were supplemented or consume zinc during their lifetime and then had to either undergo autophagy or be analyzed in the context of aging and or longevity. 
Table 2: Datasets35-52
Microarray: Species	RNA-seq: Species
GSE31430: Rat	GSE155230: Rat
GSE125830: Human	GSE122097: Worm (C. Elegans) & Mouse
GSE1572: Human	GSE6718: Rat
GSE8479: Human	GSE152554: Human
GSE 139890: Mouse	GSE139204: Mouse
GSE 21784: Worm (C.Elegans)	GSE93826: Worm (C. Elegans)
GSE 93903: Mouse	GSE 135532: Mouse
	GSE111778: Mouse
	GSE96644: Mouse
	GSE137869: Rat & Human
	GSE107894: Human

Processing & Gene Identification: 
RNA-seq Data
	For the datasets that derive from RNA-seq, the raw FASTQ files will be downloaded from the appropriate datasets listed in Table 2. Then, a QC report will be generated to see if the data needs to be trimmed.53 Once the data passes the quality control measures, it will be passed through the aligner HISAT2 to generate assigned reads. Then, it will align the assigned genes via HT-Seq.53 These processes require a significant amount of computing power, so it will be conducted using the computers that belong to the Statistical Machine Learning Group at FIU.54 From here, the data will be analyzed using DESeq2 in R.55 For determination of the differentially expressed genes, an FDR of <0.05 will be used as well as an adjusted p-value < 0.05.55
Microarray 
      The datasets will be downloaded and processed to sort the genes.  Any gene expression missing a value, unvaried, minimum, and maximum will be excluded.56 If a gene is repeated, the average of that expression will be found.  The annotated information (Headers) will be renamed (i.e. control vs experiment). The header for gene expression values will be renamed to gene. Then, limma package will be downloaded from R to calculate the logFC (logarithmic fold-changes) based off the gene expression difference between the control and experimental groups (|logFC|≥2).56 Also, the adjusted p-value, p < 0.05, will be reported.
Bayesian Network
These kinds of networks are composed of directed acyclic graphs where the nodes are the random variable and the edge between two nodes illustrates the dependency between the variables.57 In terms of this experiment, a Bayesian Network on differentially expressed genes will be constructed to make sure false positive and false negative are identified. Additionally, these networks will help determine possible causal pathways associated with the differentially expressed genes and zinc transporters.  Using GeNIe (https://www.bayesfusion.com) and R, the log-likelihood of the control and experimental groups will be calculated.58 Cases will be categorized as ageing if the Bayes Network models has a higher log-likelihood given specific evidence (interfaces with aging), compared to control (does not interface with aging). AUC will be computed to help determine accuracy of the model.58 Finally, the proposed model will be compared with models created by well-known algorithms such as Random Forest and Naïve Bayes to help evaluate their potential usefulness of the causal models.58
Significance 
Overall, if the results of this study are validated, it will contribute to our limited understanding on how zinc interfaces with biological aging and longevity on a population and molecular level. Further, if differentially expressed genes and their pathways are conserved via different species, this will provide additional evidence to the uniform theory of aging (which has yet to be proven). On a practical scale, the results generated may help in the creation, screening and analysis of markers related to biological aging and longevity as well as provide insight into the mechanism of the disease process, as the risk for heart disease, cancer, autoimmune diseases, and Alzheimer’s disease increases with age. Finally, to our knowledge, no one has conducted this kind of analysis in the context of biological aging and longevity or has attempted to link common themes from NHANES and GEO Profiles. 

References:
Liuzzi JP, Guo L, Yoo C, Stewart TS. Zinc and autophagy. BioMetals. 2014;27(6):1087-1096. doi:10.1007/s10534-014-9773-0
López-Otín, Carlos, Maria A. Blasco, Linda Partridge, Manuel Serrano, and Guido Kroemer. “The Hallmarks of Aging.” Cell 153, no. 6 (2013): 1194–1217. https://doi.org/10.1016/j.cell.2013.05.039
Levine B, Packer M, Codogno P. Development of autophagy inducers in clinical medicine. J Clin Invest. 2015;125(1):14-24. doi:10.1172/JCI73938
Ryu D, Mouchiroud L, Andreux PA, et al. Urolithin A induces mitophagy and prolongs lifespan in C. elegans and increases muscle function in rodents. Nature Medicine. 2016;22(8):879-888. doi:10.1038/nm.41
Nakamura S, Yoshimori T. Autophagy and Longevity. Molecules and Cells. 2018;41(1):65-72. doi:10.14348/molcells.2018.2333
Liuzzi JP, Yoo C. Role of Zinc in the Regulation of Autophagy During Ethanol Exposure in Human Hepatoma Cells. Biological Trace Element Research. 2013;156(1-3):350-356. doi:10.1007/s12011-013-9816-3
Fedintsev A, Kashtanova D, Tkacheva O, et al. Markers of arterial health could serve as accurate non-invasive predictors of human biological and chronological age. Aging (Albany NY). 2017;9(4):1280-1292. doi:10.18632/aging.101227 .
Cabrera ÁJ. Zinc, aging, and immunosenescence: an overview. Pathobiol Aging Age Relat Dis. 2015;5:25592. Published 2015 Feb 5. doi:10.3402/pba.v5.25592
Lin S, Tian H, Lin J, et al. Zinc promotes autophagy and inhibits apoptosis through AMPK/mTOR signaling pathway after spinal cord injury. Neuroscience Letters. 2020;736:135263. doi:10.1016/j.neulet.2020.135263 
Ding B, Zhong Q. Zinc deficiency: An unexpected trigger for autophagy. J Biol Chem. 2017;292(20):8531-8532. doi:10.1074/jbc.H116.762948
Bian A, Shi M, Flores B, Gillings N, Li P, Yan SX, Levine B, Xing C, Hu MC. Downregulation of autophagy is associated with severe ischemia-reperfusion-induced acute kidney injury in overexpressing C-reactive protein mice. PLoS One. 2017 Sep 8;12(9):e0181848. doi: 10.1371/journal.pone.0181848. PMID: 28886014; PMCID: PMC5590740.
Bao B, Prasad AS, Beck FW, et al. Zinc decreases C-reactive protein, lipid peroxidation, and inflammatory cytokines in elderly subjects: a potential implication of zinc as an atheroprotective agent. Am J Clin Nutr. 2010;91(6):1634-1641. doi:10.3945/ajcn.2009.28836
Beekman M, Uh HW, van Heemst D, Wuhrer M, Ruhaak LR, Gonzalez-Covarrubias V, Hankemeier T, Houwing-Duistermaat JJ, Slagboom PE. Classification for Longevity Potential: The Use of Novel Biomarkers. Front Public Health. 2016 Oct 28;4:233. doi: 10.3389/fpubh.2016.00233. PMID: 27840811; PMCID: PMC5083840.
Mocchegiani E, Muzzioli M, Giacconi R.Zinc, metallothioneins, immunes responses, survival and ageing.  Biogerontology. 2000;1(2):133-143. doi:10.1023/a:1010095930854 
Mocchegiani E, Giacconi R, Cipriano C, et al. Zinc, Metallothioneins, and Longevity:: Effect of Zinc Supplementation: Zincage Study. Annals of the New York Academy of Sciences. 2007;1119(1):129-146. doi:10.1196/annals.1404.030
Bruinsma, Janelle J., Daniel L. Schneider, Diana E. Davis, and Kerry Kornfeld. “Identification of Mutations in Caenorhabditis Elegans That Cause Resistance to High Levels of Dietary Zinc and Analysis Using a Genomewide Map of Single Nucleotide Polymorphisms Scored by Pyrosequencing.” Genetics 179, no. 2 (2008): 811–28. https://doi.org/10.1534/genetics.107.084384.
Fujihara J, Yasuda T, Kimura-Kataoka K, Takinami Y, Nagao M, Takeshita H. Association of SNPs in genes encoding zinc transporters on blood zinc levels in humans. Leg Med (Tokyo). 2018 Jan;30:28-33. doi: 10.1016/j.legalmed.2017.10.009. Epub 2017 Nov 9. PMID: 29149619.
Bello-Perez M, Pereiro P, Coll J, Novoa B, Perez L, Falco A. Zebrafish C-reactive protein isoforms inhibit SVCV replication by blocking autophagy through interactions with cell membrane cholesterol. Scientific Reports. 2020;10(1). doi:10.1038/s41598-020-57501-0.
 Harris TB, Ferrucci L, Tracy RP, et al. Associations of elevated Interleukin-6 and C-Reactive protein levels with mortality in the elderly∗∗Access the “Journal Club” discussion of this paper at http:/www.elsevier.com/locate/ajmselect/. The American Journal of Medicine. 1999;106(5):506-512. doi:10.1016/s0002-9343(99)00066-2.
Hindorff LA, Rice KM, Lange LA, et al. Common variants in the CRP gene in relation to longevity and cause-specific mortality in older adults: The Cardiovascular Health Study. Atherosclerosis. 2008;197(2):922-930. doi:10.1016/j.atherosclerosis.2007.08.012.
Coyne T, Ibiebele TI, McNaughton S, et al. Evaluation of brief dietary questions to estimate vegetable and fruit consumption – using serum carotenoids and red-cell folate. Public Health Nutrition. 2005;8(3):298-308. doi:10.1079/phn2004688 
Maxfield L, Crane JS. Zinc Deficiency. 2020 Jul 2. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2021 Jan–. PMID: 29630283.
Nehring SM, Goyal A, Bansal P, et al. C Reactive Protein (CRP) [Updated 2020 Jun 5]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2020 Jan-. Available from: https://www.ncbi.nlm.nih.gov/books/NBK441843/
Rentschler G, Kippler M, Axmon A, Raqib R, Skerfving S, Vahter M, Broberg K. Cadmium concentrations in human blood and urine are associated with polymorphisms in zinc transporter genes. Metallomics. 2014 Apr;6(4):885-91. doi: 10.1039/c3mt00365e. PMID: 24514587
Lapierre LR, Filho CDDM, Mcquary PR, et al. The TFEB orthologue HLH-30 regulates autophagy and modulates longevity in Caenorhabditis elegans. Nature Communications. 2013;4(1). doi:10.1038/ncomms3267.
Slagboom PE, Beekman M, Passtoors WM, et al. Genomics of human longevity. Philos Trans R Soc Lond B Biol Sci. 2011;366(1561):35-42. doi:10.1098/rstb.2010.0284
Palmisano NJ, Meléndez A. Autophagy in C. elegans development. Dev Biol. 2019;447(1):103-125. doi:10.1016/j.ydbio.2018.04.009
Miller RA. Extending life: scientific prospects and political obstacles. Milbank Q. 2002;80(1):155-174. doi:10.1111/1468-0009.00006.
Yao H, Han B, Zhang Y, Shen L, Huang R. Non-coding RNAs and Autophagy. Autophagy: Biology and Diseases. 2019:199-220. doi:10.1007/978-981-15-0602-4_10 
National Center for Health Statistics. Centers for Disease Control and Prevention. https://www.cdc.gov/nchs/nhanes/about_nhanes.htm. Published September 15, 2017. Accessed January 2, 2020.
Azur MJ, Stuart EA, Frangakis C, Leaf PJ. Multiple imputation by chained equations: what is it and how does it work? International Journal of Methods in Psychiatric Research. 2011;20(1):40-49. doi:10.1002/mpr.329 
Buuren Svan, Groothuis-Oudshoorn K. mice: Multivariate Imputation by Chained Equations inR. Journal of Statistical Software. 2011;45(3). doi:10.18637/jss.v045.i03 
Wickham H. Tools for Splitting, Applying and Combining Data [R package plyr version 1.8.6]. The Comprehensive R Archive Network. https://cran.r-project.org/web/packages/plyr/index.html. Published March 3, 2020. Accessed May 28, 2021. 
National Center for Biotechnology of the National Institute of Health., 2020. About GEO Profiles - GEO - NCBI. [online] Ncbi.nlm.nih.gov. Available at: <https://www.ncbi.nlm.nih.gov/geo/info/profiles.html> [Accessed 13 March 2021].
Okada S, Abuyama M, Yamamoto R, Kondo T, Narukawa M, Misaka T. Dietary zinc status reversibly alters both the feeding behaviors of the rats and gene expression patterns in diencephalon. BioFactors. 2012;38(3):203-218. doi:10.1002/biof.1007 
Mancini A, Vitucci D, Randers MB, et al. Lifelong Football Training: Effects on Autophagy and Healthy Longevity Promotion. Front Physiol. 2019;10:132. Published 2019 Feb 19. doi:10.3389/fphys.2019.00132
Lu T, Pan Y, Kao S-Y, et al. Gene regulation and DNA damage in the ageing human brain. Nature. 2004;429(6994):883-891. doi:10.1038/nature02661 
Melov S, Tarnopolsky MA, Beckman K, Felkey K, Hubbard A. Resistance exercise reverses aging in human skeletal muscle. PLoS One. 2007;2(5):e465. Published 2007 May 23. doi:10.1371/journal.pone.0000465
Foligné B, George F, Standaert A, et al. High‐dose dietary supplementation with zinc prevents gut inflammation: Investigation of the role of metallothioneins and beyond by transcriptomic and metagenomic studies. The FASEB Journal. 2020;34(9):12615-12633. doi:10.1096/fj.202000562rr 
Youngman MJ, Rogers ZN, Kim DH. A Decline in p38 MAPK Signaling Underlies Immunosenescence in Caenorhabditis elegans. PLoS Genetics. 2011;7(5). doi:10.1371/journal.pgen.1002082 
Sato S, Solanas G, Peixoto FO, et al. Circadian Reprogramming in the Liver Identifies Metabolic Pathways of Aging. Cell. 2017;170(4):664-677.e11. doi:10.1016/j.cell.2017.07.042
Molenaars M, Janssens GE, Williams EG, Jongejan A et al. A Conserved Mito-Cytosolic Translational Balance Links Two Longevity Pathways. Cell Metab 2020 Mar 3;31(3):549-563.e7. PMID: 32084377
Ovadya Y, Landsberger T, Leins H, et al. Impaired immune surveillance accelerates accumulation of senescent cells and aging. Nat Commun. 2018;9(1):5435. Published 2018 Dec 21. doi:10.1038/s41467-018-07825-3
Tharakan R, Ubaida-Mohien C, Piao Y, Gorospe M et al. Ribosome profiling analysis of human skeletal muscle identifies reduced translation of mitochondrial proteins with age. RNA Biol 2021 Jan 21;:1-5. PMID: 33472542
Ham DJ, Börsch A, Lin S, et al. The neuromuscular junction is a focal point of mTORC1 signaling in sarcopenia. Nat Commun. 2020;11(1):4510. Published 2020 Sep 9. doi:10.1038/s41467-020-18140-1
Byrne J, Medina R, Wilheim T, Richly H. Gene changes over aging in the C.elegans rrf-3(pk1426) mutant. National Center for Biotechnology Information. https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE93826. Accessed May 28, 2021. 
Natarajan N, Vujic A, Das J, et al. Effect of dietary fat and sucrose consumption on cardiac fibrosis in mice and rhesus monkeys. JCI Insight. 2019;4(18):e128685. Published 2019 Sep 19. doi:10.1172/jci.insight.128685
Wahl D, Solon-Biet SM, Wang QP, et al. Comparing the Effects of Low-Protein and High-Carbohydrate Diets and Caloric Restriction on Brain Aging in Mice. Cell Rep. 2018;25(8):2234-2243.e6. doi:10.1016/j.celrep.2018.10.070
Xie K, Neff F, Markert A, et al. Every-other-day feeding extends lifespan but fails to delay many symptoms of aging in mice. Nat Commun. 2017;8(1):155. Published 2017 Jul 24. doi:10.1038/s41467-017-00178-3
Ma S, Sun S, Geng L, Song M et al. Caloric Restriction Reprograms the Single-Cell Transcriptional Landscape of Rattus Norvegicus Aging. Cell 2020 Mar 5;180(5):984-1001.e22. PMID: 32109414
Kulkarni AS, Brutsaert EF, Anghel V, et al. Metformin regulates metabolic and nonmetabolic pathways in skeletal muscle and subcutaneous adipose tissues of older adults. Aging Cell. 2018;17(2):e12723. doi:10.1111/acel.12723
Li TY, Sleiman MB, Li H, et al. The transcriptional coactivator CBP/p300 is an evolutionarily conserved node that promotes longevity in response to mitochondrial stress. Nat Aging. 2021;1(2):165-178. doi:10.1038/s43587-020-00025-z
Zhang X, Jonassen I. RASflow: an RNA-Seq analysis workflow with Snakemake. BMC Bioinformatics. 2020;21(1). doi:10.1186/s12859-020-3433-x 
Yoo C. Statistical Machine Learning Group (SMLG) . http://smlg.fiu.edu/. Accessed May 21, 2021. 
Brinkmeyer-Langford C, Chu C, Balog-Alvarez C, et al. Expression profiling of disease progression in canine model of Duchenne muscular dystrophy. PLOS ONE. 2018;13(3). doi:10.1371/journal.pone.0194485 
Li Y. TargetScore: Infer microRNA targets using microRNA-overexpression data and sequence information . Bioconductor.org. https://www.bioconductor.org/packages/release/bioc/vignettes/TargetScore/inst/doc/TargetScore.pdf. Published October 27, 2020.  
Deeter A, Dalman M, Haddad J, Duan Z-H. Inferring gene and protein interactions using PubMed citations and consensus Bayesian networks. PLOS ONE. 2017;12(10). doi:10.1371/journal.pone.0186004 
Kourou K, Rigas G, Papaloukas C, Mitsis M, Fotiadis DI. Cancer classification from time series microarray data through regulatory Dynamic Bayesian Networks. Computers in Biology and Medicine. 2020;116:103577. doi:10.1016/j.compbiomed.2019.103577 














2

image1.png




image2.png




