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Obesity and its comorbidities (metabolic syndrome- MetS)
have both genetic and environmental influences

Obesity Trends* Among U.S. Adults
BRFSS, 1999 - 2010

(*BMI =30, or ~ 30 Ibs. overweight for 5’ 4” person)
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2960 Genetic Associations for Obesity in Humans*
Only a tiny proportion of the genetic variation is explained by a specific

association.
Source: CDC Behavior Risk Factor Surveillance System *Retrieved 3/29/2018, NHGRI-EBI GWAS Catalog
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» The Fly as a MetS model l '

» Unlocking the black box of
MetS using systems
biology

* Determining genetic basis
of Genotype x Diet
Interactions

* Other environmental
effects on MetS

Tori Nelko




Evolutionary conservation of the IIS pathway
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* Insulin signaling and other metabolic
pathways largely homologous

* 77% OMIM human disease genes have
cognates in Drosophila

Reiter et al. (2001) Genome Research 11: 1114-1125
Rulifson, et al. (2002). Science 296 , 118-20

O’Neill et al.,(2012) Biochemical Society Transactions 40:721-727;

Fly-Human Homology
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Weight Genetic Variation

1.2

p<0.0001

Weight (mg)

Line Reed et al., Genetics, 2010
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GxD > diet for most MetS traits
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Reed et al., Genetics 2014
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Are Molecular Mechanisms for Phenotypes
Conserved Across Environments?
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188 431
High Sugar 21 Normal
21 3
435 / 37
9 1
35 /. 9
[03
[ 8
Ruth Bishop, Dana Davis, Katie Bray, Lauren Perkins, Joana Hubickey Williams et al, G3 2015
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What Links MetS Phenotypes?
Metabolite PC2 highly predictive of MetS-like phenotypes
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Reed et al. 2014 Genetics
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What Links MetS Phenotypes?

Alison Motsinger-Reif
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Clare Scott Chialvo
Ronglin Che
David Reif

Scott Chialvo, Che, Reif, Motsinger-Reif, Reed 2016 Metabolomics
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. What Links MetS Phenotypes?
EvMA across all diets
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Scott Chialvo, Che, Reif, Motsinger-Reif, Reed 2016 Metabolomics
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Random forest identifies metabolites that differentiate based on

diet
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Oza, Aicher, & Reed, Metabolomics, 2018 Vishal Oza — now postdoc Lasseigne lab
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Hypothesized shift toward Omega fatty
acid oxidation on a High Fat Diet
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Oza, Aicher, & Reed, Metabolomics, 2018
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What loci control genotype-by-diet interactions?

Drosophila Synthetic Population Resource
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What loci control genotype-by-diet interactions?

Main Genetic Effect QTLs
Male Pupae Weight

=log10(p)
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Dew-Budd et al. in revision
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What loci control genotype-by-diet interactions?
Genotype-by-Diet Interacting QTLs
(Plastic QTLs)
Male Pupae Weight
Genetic-by-Diet Effect
R a R X
0 5 101520 0 5 fo f5 200 5 1152020 14 2 0 5 1 1520
Dew-Budd et al. in revision C P ety
20
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What loci control genotype-by-diet interactions? Dew-Budd et al. in revision
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What loci control genotype-by-diet interactions?
Epistatic Interactions Occur Throughout the Genome
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What loci control genotype-by-diet interactions?

Dew-Budd et al. in revision
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What loci control metabolite profiles?
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on normal ;
nd high f b S
° diegt’s h @
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R. Mather, A. Motsinger-Reif NCSU
24
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Architecture of Main Genetic Effect mQTLs
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What loci control metabolite profiles?
Most mQTLs for Genetic effects are different from
those with GxD effect
Fiehn lab (GCTOF MS) 421 metabolites detected (169 chemical ids)
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Mather et al., in prep

Linking Metabolites through mQTLs
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Gaussian Graphical Model
Correlation Conditional
Structure Dependence
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Gaussian graphical models by diet reveals distinct portions
of sub-networks
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Oza, Aicher, & Reed, Metabolomics, 2018
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Edges in the GGM are between biologically (and chemically) similar
metabolites, but correlation network misses known biological
relationships
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Dipeptide “pathways” - GGM Dipeptide “hairball” - correlation
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Exercise
TreadWheel

Uses negative
geotaxis to exercise
adult flies

Treatment Control

Sean Mendez Rachel Hill

Mendez et al. 2016 PlosOne
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Triglyceride

Exercise Works in Flies
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Exercise

Nicole Riddle, Louis Watanabe, Maria DeLuca UAB
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Climbing Height
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Exercise Works in Flies
(for some better than others)

» Exercise interacts with genetic line and sex

» Mitochondrial function genes show exercise and

genotype-by-exercise interactions
+ Adult exercise interacts with larval diet and genotype

Control

High Fat

Lowman et al, in prep
Mendez et al. 2016 PlosOne

Exercise

Normal High Fat

Genotype x Diet x Exercise p=5.7e-17

Nicole Riddle, Louis Watanabe, Maria DeLuca UAB
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Larval bacterial communities from natural
conditions are interact with genetic and
dietary effects
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. Maternal microbes shape bacterial community

2. Community on natural peach diets differ from lab and
autoclaved diets

3. Genotype-by-diet interactions on bacterial
communities

4. Correlations between dominant taxa and metabolic
traits (consistent with the literature)

www.motherjones.com Bombin et al, 2020, Microorganisms 8(12), 1972
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Bacterial communities more strongly influenced by
environmental bacteria on a high fat diet
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The Take Home Messages

* Flies are great models!

* Genotype-by-diet interactions are a
substantial contributor to MetS
variation

» Metabolite profiles have predictive
power for MetS phenotypes

* Quantitative data can be used to
categorize unknown compounds
and hypothesize new pathways

» Loci for genetic and genotype-by-
diet interactions are different

« Additional environmental factors
can be modeled in Drosophila

Ireed1@ua.edu

Tori Nelko

flygxe.ua.edu
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Flies, More Flies, and Statistics....

Kelly Dew-Budd  Alison Adams Kelsey Lowman Jordan Beveridge
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Leah Leonard Christie Talley Clare Scott Chialvo Mengting Sue
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Cheyenne Paiva  Rachel Hill Treavor Hearing MaddisoniSharp
Andrea Davidson  Meredith Owens  Logan Griffin Cole Kiser
Steph Williams Jaron Nix Carson Foster Anna Grace Price
Julie Brown John Henderson ~ Brandon Moye Caroline Hart
Ruth Bishop Joseph Aicher Owen Cunneely Abigail Myers ,
Levi Miller Michael Moore Katie Sandlin McKenzie Chamberiain
Oll|V|a Sorrell Andrew Davis Ol T Grace Keirn
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Ashley Gilchrist Beau Schaffer Sarah-Ashley Giambrone S¢an Shelley-Tremblay
Julie Jamigan Nelson Brown Michelle Tan John Yordy
Cigdem Tunckanat ka3 Macintyre Rosemary Hartline Ines Martinand

Tyler Hale Jord_an Albriecht

Annie Backlund
Jade Miller

Reed Lab Motto: When it comes to
genes, our flies are always open.
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Song Song
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Art Eddison
Nicole Riddle
Louis Watanabe

Funding: NSF DEB 1737869 to LKR
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NIH-R01 GM098856 to LKR UA Office of Research
Ireed1@ua.edu NIH-NRSA Fellowship to LKR UA College of Arts and Sciences
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G %- The Genomics Education Partnership:
) ]

A community of practice that enhances research
opportunities for students and faculty at diverse

- institutions

Washington University in St Louis
THE UNIVERSITY OF

ALABAMA

Funded by the National Science Foundation, National Institutes of Health, HHMI
With continuing support from Washington University in St Louis

and the University of Alabama
Copywrite 2020, Genomics Education Partnership

thegep.org
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« nationwide collaboration of 160+ institutions
* > 2000 students participate annually

» core team provides computational, scientific, and pedagogical support - facilitates
implementation
» uses comparative genomics to study the evolution of genes and genomes
» implementation of takes many forms
— Several-week modules to entire semester
» removes the technical barriers — all GUI and web-based
» students gain confidence in their ability to “do” science thegep.org

Copywrite 2019, Genomics
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Gene annotation workflow @& & @ .
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Report results in scientific
Construct genome browsers for draft genomes publications and deposit the
(e.g., using G-OnRamp) data into public databases
\ J \ y,
N\ ™ s N
Identify the genomic Identify pathways of Utilize reconciled gene set for
scaffolds of interests interests (e.g., insulin downstream comparative and
(e.g., Muller F element) signaling, venom) pathway analyses
J J \ J
' N\ B 3 ™ ' ~
Identify locations of
Partition scaffolds lfrom putativ:zyorthologs And Experienced GEP slludents
selected regions into paralogs of these collect and reconcile the
overlapping projects - ; submitted gene models
y kpathwayr specific genes) q y
¥ ¥ 44
GEP Faculty claim projects and students produce E> Faculty submit gene models
coding regions and transcription start sites annotations produced by GEP students
L - > - 7
* . . . ™
looking for new education and scientific partners thegep.org
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