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The Program in Genetics welcomes you to  

The 6th Annual Genetics Fall Retreat! 
 

Say hello to some of our new faces! 

 

2015 – 2016 New Graduate Students for the Program in Genetics 

Farida Akhtari 

Brandon Baker 

David Bullock 

Brent Chen 

Guliz Otkiran 

Grace Parker 

Erin Peterson 

Megan Williamson 

 

 

 



 
 

 

Program in Genetics Fall Retreat Schedule 

 

Glaxo Galleria, Dogwood, and Congressional Rooms 

8:30 AM Registration Check-In (Glaxo Galleria)                                                  

Breakfast (Dogwood and Congressional Rooms)        

North Carolina Auditorium 

9:00 AM Opening remarks by Dr. Trudy Mackay                                                    

Director of the Program in Genetics 

Faculty Vignettes 

9:30 AM Dr. Michael Cowley 

9:40 AM Dr. Anna Stepanova 

9:50 AM Dr. Anthony Planchart 

10:00 AM Dr. Sunny Liu 

10:10 AM Dr. Kate Meurs 

10:20 AM Dr. Robert Anholt 

 

Glaxo Galleria 

10:30 AM Coffee Break – All day beverage service provided. 

 ***Fall Retreat Group Photo – Grand staircase in the Glaxo Galleria*** 

 



 
 

 

North Carolina Auditorium: Post Doctoral Blitz 

11:00 AM Dr. Logan Everett 

11:10 AM Dr. Beth Dumont 

11:20 AM Dr. Miguel Flores-Vergara 

11:30 AM Dr. Bode Olukolu 

11:40 AM Dr. Terry Campbell 

11:50 AM Dr. Daniel Rotroff 

Dogwood and Congressional Rooms, Research Triangle Foundation Room, and Glaxo Galleria 

12:00 PM Lunch – Executive Box Lunches                                                                      

(First Floor - Dogwood and Congressional Rooms) 

1:00 PM New Graduate Student Orientation with Dr. Jim Mahaffey and        

Melissa Robbins (Second Floor – Research Triangle Foundation Room) 

1:00 PM Set-up for Poster Presentations and Chalk-Talks                                                         

(First Floor - Glaxo Galleria) 

Social Activity in the North Carolina Auditorium 

1:30 PM Social Activity – Genetics Trivia!                                                                                 

Trivia Emcees: Chad Hunter and Bill Barrington                                

How to Play:                                                                                                               

Divide into teams of 10 people (maximum).                                                                 

Note: Chairs in the Auditorium will be labeled according to colors (There 

should be 9 teams total). The team with the highest points wins! 



 
 

 

Social Activity in the Ciba-Geigy Garden 

2:00 PM Social Activity – Get-To-Know-You Bingo! 

 How to Play:                                                                                                                      

Each person will have only one Bingo card. Fill 5 spaces in a row on your 

Bingo card to win. Once the game begins, get to know individuals around 

you by finding people that match the description in the spaces on your 

card. Once you find that individual, have them sign the space. When you 

get 5 spaces in a row, call BINGO!  

Glaxo Galleria 

2:30 PM Poster Presentations and Chalk Talks 

 Enjoy Coffee! – All day beverage service provided. 

North Carolina Auditorium: Student Achievements 

4:00 PM Sam Widmayer 

4:10 PM Jennifer Baltzegar 

4:20 PM Kate Coyle 

4:30 PM Richard Gell 

4:40 PM Katie Hudson 

4:50 PM Sophia Webster 

5:00 PM  ADJOURN! Thank you for joining us! We hope to see you next year! 

5:15 – 5:30 PM Shuttle bus departs from NC Biotechnology Center for NC State University 

Campus 



 
 

 

 

 

 

 

 

 

 

Faculty Vignettes 

North Carolina Auditorium 

9:30 AM – 10:30 AM 

 

 

 

 

 

 



 
 

 

Epigenetic Mechanisms Linking the Developmental Environment to Metabolic Disease 

Michael Cowley, Marine Baptissart, Christine Bradish Cash 

 

The environment to which we are exposed in early life influences our health in adulthood. For 

example, under- or over-nutrition during development are associated with metabolic states 

that predispose to diseases such as obesity and type 2 diabetes. Our lab is interested in the 

mechanisms underpinning these programming effects. We will use a combination of mouse and 

cell culture models to address the following broad questions: 

 

1. How does the developmental environment affect the transcriptome? 
2. What are the epigenetic (and other) mechanisms responsible for these changes? 
3. Can these molecular changes be reversed by removing the exposure during later 

development, and does this partially rescue the phenotypic effects? 
 

Our initial work uses a mouse model of maternal high fat diet, in which mice are exposed during 

either prenatal or postnatal development, or both. We will determine the significance of these 

different exposure windows to defining the metabolic state in adulthood, and will use a 

combination of global and targeted approaches to understand the transcriptional and 

epigenetic mechanisms that may underpin them. 

 

 

 

 

 

 

 



 
 

 

Ribosome Footprinting Unveils Gene-Specific Translational Regulation of Hormonal 

Responses 

 

Karen Merchante, Javier Brumos, Jeonga Yun, Qiwen Hu, 

Steffen Heber, Jose Alonso and Anna Stepanova 

 

Fine-tuning of the growth and development programs with the changes in the environment is a 

process of critical importance for plants that, due to their sessile lifestyle, cannot escape 

adverse environmental conditions. Plant hormones play a key role in the integration of signals 

triggered by endogenous and exogenous stimuli. To dissect the involvement of plant hormones 

in signal integration, the interaction between ethylene and auxin in the regulation of a highly 

plastic phenotype, root elongation, was chosen as a model. Our initial studies have uncovered 

an unexpected role of ethylene in the precise spatiotemporal regulation of auxin biosynthesis. 

Current work using genome-wide ribosome footprinting is uncovering the molecular 

mechanisms linking this hormone perception to the activation of a novel gene-specific 

translational control mechanism. Characterization of one of the targets of this translational 

regulation indicates that the signaling molecule EIN2 and the nonsense-mediated decay 

proteins UPFs play a central role in this ethylene-induced translational response. Our findings 

represent a new mechanistic paradigm of gene-specific regulation of translation in response to 

a key growth regulator in plants. 

 

 

 

 

 

 

 

 

 

 



 
 

 

Environment, Development and Physiology: Why Should You Think About Food, Fluids and 

Pharmaceuticals? 

 

Tony Planchart 

 

Vertebrate development is controlled by complex processes that include the interplay between 

genetic and environmental factors. The importance of these interactions can be observed in 

many different processes, including several that are of interest to our lab: craniofacial 

development, immune function, and neurodevelopment and behavior. Our research interests 

are focused on understanding how exposure to environmental contaminants affect the function 

of neural crest cells during formation of head cartilage; affect signaling pathways critical for 

proper innate immune responses; and cross the blood-brain barrier to elicit abnormal 

neurodevelopment resulting in profound behavioral changes. Our research uses zebrafish as a 

model vertebrate organism because of its genetic similarity to humans, rapid and external 

development, optically transparent properties, and ease of manipulation. In this talk, I will 

provide an overview of some of the projects that are underway in our lab and illustrate how 

zebrafish are contributing to a greater understanding of the interplay between the environment 

and genetic factors. 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

Understanding the Biology of Viral Diseases 

 

Sunny Liu 

 

My lab is focused on understanding the underlying genetic and molecular mechanisms involved 

in the host response to and pathogenesis of economically important diseases of livestock, in 

particular Marek’s Disease Virus (MDV) and Porcine Reproductive and Respiratory Syndrome 

Virus (PRRSV) .  There are several ongoing projects currently underway in my lab.  These 

projects include (1) utilization of MHCI tetramers to understand the mechanisms behind 

genetic protective immunity in chickens and (2) elucidating the molecular interactions of PRRSV 

and its host.  (1)It has been well established that birds of differing MHCI haplotypes also differ 

in their resistance and susceptibility to a variety of diseases, including MDV.  Thus we plan to 

develop a library of haplotype-specific, MHC class I tetramers to elucidate specific antigenic 

peptide sequences associated with disease resistance and susceptibility.  (2) PRRS positive 

herds display poor reproductive health, increased mortality, and reduced growth.  A major 

challenge in combating PRRSV is the inefficiency of the immune response mounted against the 

virus.  The molecular basis of this immune response is poorly understood.  We currently have a 

two-pronged approach understanding the immune response to PRRSV and viral pathogenesis.  

We have employed the yeast two-hybrid system to identify interactions between PRRSV GP5 

and M proteins, which form a heterodimeric complex important for viral structural and 

infectivity, and cellular factors.  These studies have provided insight into the intracellular 

transport of PRRSV virions.   We are also using next generation sequencing to develop 

comprehensive profiles of transcriptome and miRNAome changes during the host’s response to 

PRRSV infections. 

 

 

 

 

 

 



 
 

 

Identification of Genetic Polymorphisms in the Canine Renin Angiotensin Aldosterone System 

Gene, Angiotensin I-Converting Enzyme 

KM Meurs, JA Stern, Y Reina Doreste, L Chdid 

An intronic deletion in the angiotensin I converting enzyme (ACE) gene, one of the major renin 

angiotensin aldosterone system (RAAS) genes, in humans has been associated with a variable 

clinical response to certain cardiac drugs. The purpose of this study was to evaluate the canine 

ACE gene to evaluate for genetic variability as described in humans and to determine the 

possible clinical significance of variations observed. 

Genomic DNA samples were prepared from 15 dogs (Boxers, Doberman pinschers, Cavalier King 

Charles Spaniels (CKCS)) and PCR primers were designed for intron 16 of the canine ACE gene. 

PCR was performed and amplicons sequenced. Five polymorphisms within canine intron 16 

were identified. All were single base pair substitutions; none were located in splice site regions. 

Two polymorphisms were observed in 5/5 of Doberman pinschers and 5/5 of the CKCS. We 

genotyped an additional 55 dogs of a variety of different breeds and found 47% of dogs to be 

homozygous or heterozygous for both of the polymorphisms. Serum samples were obtained 

and ACE activity levels were measured with an ACE radioenzymatic assay. Dogs that were 

homozygous for both polymorphisms had the lowest levels of ACE activity and the groups 

(homozygous /homozygous for both polymorphisms; heterozygous for both polymorphisms, 

and wildtype for both polymorphisms) were significantly different (p =0.01).  

We conclude that the ACE gene has genetic variability in the dog although not identical to 

people and that it may have some functional significance. The clinical and functional 

significance of these polymorphisms deserves further study.  

 

 

 



 
 

 

Behavioral Genetics in the Anholt Laboratory 

Robert Anholt 

Research in the Anholt laboratory uses Drosophila to study the genetic architectures of 

behaviors.  The laboratory is highly interactive with the Mackay laboratory, and students, 

postdocs and technicians mingle freely between the two laboratories. Extensive collaborations 

between the laboratories create a stimulating synergistic environment in which students and 

postdocs experience considerable freedom in the pursuit of their research endeavors. The 

expression of behaviors is determined by the interplay of coordinated ensembles of genes and 

environmental factors. Behaviors are unique complex traits in two respects. First, behaviors are 

an expression of the nervous system. Thus, understanding behaviors requires not only 

characterization of their genetic underpinnings, but also understanding of how expression of 

the genome relates to the function of specific neuronal circuits. Second, most behaviors reflect 

an interaction between the organism and its environment. Thus, the genetic networks that 

drive behaviors are likely to show substantial environmental plasticity. Furthermore, 

polymorphisms that give rise to phenotypic variation in behavior provide the substrate for 

natural selection and the stage on which adaptive evolution occurs. I will present briefly two 

projects that are currently being conducted by students in my lab, both related to olfactory 

behavior. One project focuses on the functional dissection of chemoreceptor gene clusters and 

the other on the functional characterization of differential alleles associated with variation in 

olfactory behavior. In addition and related to our interest in behavior, our laboratory is also 

interested in Drosophila as a model for human disease and in phenotypic plasticity and genome 

by environment interactions.   

    

 

 



 
 

 

 

 

 

 

 

Postdoctoral Blitz 

North Carolina Auditorium 

11:00 AM – 12:00 PM 

 

 

 

 

 

 

 



 
 

 

High-Throughput Sequencing of Genetically Variable Transcriptomes 

Logan J. Everett, Mary Anna Carbone, Shanshan Zhou, Gunjan H. Arya, Genevieve St. Armour, 

Lavanya Turlapati, Richard F. Lyman, Eric A. Stone, Trudy F. C. Mackay 

 

Genetic information flows from DNA to organismal phenotype via the expression of gene 

products; therefore, genetically variable transcript levels provide an additional layer of 

information that can be used to study quantitative genetics in a systems biology framework.  

We are currently using RNA-seq to profile whole body transcriptomes across ~200 lines from 

the Drosophila Genetic Reference Panel (DGRP). When complete, this resource will have several 

advantages over previous array-based data sets, including increased dynamic range enabling 

the identification of phenotype-transcript correlations, improved resolution for quantifying 

alternate transcripts from the same locus, and the ability to discover novel transcripts and 

splice junctions.  However, this approach also presents significant bioinformatic challenges due 

to the unprecedented scale of data generated and because statistical methods designed for 

continuous microarray data are not appropriate for the digital count data obtained from RNA-

seq.  I will present the current status of this extensive data collection effort and analysis 

pipeline, along with a road map to achieve the primary goals of this major milestone for the 

DGRP. 

 

 

 

 

 

 

 



 
 

 

Genomic Regions of Extreme Mutation and Recombination in Mammalian Genomes 

Beth L. Dumont 

Two broad evolutionary mechanisms are responsible for generating the spectrum of genetic 

variation observed in nature. Mutation provides a continuous influx of novel variants into 

populations, ranging in scale from single nucleotide variants to whole chromosome aberrations. 

Genetic recombination, on the other hand, can rearrange existing mutations into novel multi-

locus combinations, thereby shaping patterns of haplotype diversity. Intriguingly, the diversity-

generating mechanisms of mutation and recombination are themselves remarkably variable, 

with documented rate heterogeneity across single genomes, marked differences between 

individuals, and pronounced divergence between species. The core objectives of my research 

are to (1) elucidate the causes of variation in these diversity-generating mechanisms and (2) 

understand how this variation impacts observed patterns of DNA diversity.  

One powerful strategy for beginning to address these dual goals is the targeted, in-depth 

analysis of genomic regions with extreme mutation or recombination rates. The intrinsic 

genomic properties of outlier loci can illuminate key features of the local sequence 

environment that stimulate or suppress the action of mutation and recombination. 

Simultaneously, focused case study investigations of outlier genomic regions can shed light on 

their exemplary evolution, including how the forces of mutation, recombination, and natural 

selection interact to shape genetic variation. Here, I present a progress update on a project 

investigating the most recombinogenic locus in the mammalian genome – the 

pseudoautosomal region. I also discuss a nascent project aiming to resolve the complex 

evolutionary history of the pregnancy specific glycoprotein gene cluster on human chromosome 

19q13, a hotspot for structural mutation and gene conversion. 

 

 

 



 
 

 

Chromatin Immunoprecipitation to Identify Global Targets of SEUSS and ANT Transcriptional 

Regulators During Carpel Margin Meristem Development in Arabidopsis thaliana. 

 

Miguel Flores, Gonzalo Villarino, and Robert G. Franks 

 

Within Angiosperms the female reproductive structure, the gynoecium, is critical for 

reproductive competence. In Arabidopsis thaliana, meristematic regions within the medial 

domain of the developing gynoecium give rise to ovules, the precursors of the seeds. These 

meristematic medial domains (also termed carpel margin meristems, CMM) provide an 

excellent system to study basic problems in developmental biology such as patterning, the 

regulation of cellular differentiation and the control of organ initiation. The molecular 

mechanisms that specify and support the development of the CMM and regulation of its ability 

to generate ovules are largely unknown. Genetic evidence indicates that SEUSS (SEU) and 

AINTEGUMENTA (ANT) transcriptional regulators function synergistically for the proper ovule 

development from the CMM as it has been shown in the seu ant double mutant plants that 

displayed loss of ovules. Consequently it has been proposed that both SEU and ANT proteins 

modulate downstream transcriptional regulators that coordinate ovule development. We are 

currently optimizing a chromatin immunoprecipitation sequencing (ChIP-Seq) approach to 

identify global chromatin regions associated with SEUSS and ANT proteins. The resulting ChIP-

Seq data will be compared to transcriptional information to generate models of the gene 

regulatory networks in the developing ovule. 

 

 

 

 

 

 

 

 

 



 
 

 

Genetic Load in Maize Landrace and Teosinte Populations 

 

Bode Olukolu 

 

Inbreeding increases homozygosity, resulting in inbreeding depression on fitness due to the 

effects of recessive detrimental alleles. Modern maize inbreds are derived from about a century 

of cyclical inbreeding and purging selection, which has eliminated strongly deleterious alleles. 

‘Landraces’ are varieties maintained by farmers under strong selection for ear and seed type, 

but no intentional inbreeding; the genetic load of such varieties is substantial. The tools of 

genetics (GWAS) and breeding (genomic selection) enable identification and efficient use of 

common alleles. Nevertheless, their transformative potential lies in the ability to identify and 

ameliorate detrimental effects of rare alleles while increasing the frequency of favorable rare 

alleles. We have developed mapping populations to measure the levels of genetic load and the 

effects of inbreeding on purging genetic load in sympatric populations of landrace maize and 

their wild relative, teosinte, from Mexico. The mapping populations consist of 5,000 progenies 

derived from mixed selfing and outcrossing in each of the maize and teosinte samples. Using 

next generation sequencing, we can define global genomic signatures obtained from population 

and molecular genetics to build models for functional prediction of deleterious or favorable 

rare alleles and their quantitative effects. By cataloging and characterizing rare alleles across 

teosinte and maize; we can better understand complex phenomena such as inbreeding 

depression, genetic load, heterosis, the genetic architecture of complex traits. Ultimately, the 

knowledge can be used in breeding programs for adopting favorable and exotic alleles while 

selecting against high genetic load. 

 

 

 

 

 

 

 



 
 

 

Longevity, the Fatal Frontier 

 

Terry G. Campbell 

 

Limited lifespan and senescence are widespread phenomena among animals.  The interactions 

of genetic and environmental factors limit lifespan and create variation among sexes, 

populations and species. Drosophila melanogaster is well suited to longevity research. Fruit flies 

can be reared in large numbers under controlled environmental conditions and a large body of 

genetic knowledge and tools are available for investigation. Moreover, these animals have 

relatively short lifespans with rapid senescence and display considerable natural variation in 

lifespan. Associations between genomic polymorphisms can be correlated to phenotypic 

variation and used to investigate the context sensitive nature of lifespan to differences in sex, 

environmental, and genetic background.  To better understand the role genetic and genome by 

environment interactions (GEI) play in affecting lifespan and senescence, we have investigated 

both the Drosophila Genetics Reference Panel and the Rose Lines (a population of flies selected 

for delayed reproductive senescence) at three thermal environments (18°C, 25°C, 28°C) known 

to affect lifespan. 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

Common and Rare Variant Analysis of Fibrate Drug Response in Type II Diabetics in the ACCORD 

Clinical Trial 

 

Daniel Rotroff, Skylar Marvel, Michael Wagner1, Gregory Graf2, Sonja Pijut2, Tammy Havener1, John 

Buse3, Howard McLeod4, Alison Motsinger-Reif, and the ACCORD/ACCORDion Investigators 

 
1Institute of Pharmacogenomics and Individualized Therapy, UNC Chapel Hill, Chapel Hill, NC, USA,  
2Department of Pharmaceutical Sciences, University of Kentucky, Lexington, KY,  3Department of 

Medicine, School of Medicine, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA 
4Moffitt Cancer Center, 12902 Magnolia Dr, Tampa, FL, USA 

 

Cardiovascular disease (CVD) is the leading cause of death worldwide. Individuals with type 2 

diabetes are at an increased risk of CVD and alterations in total cholesterol (TC), LDL, HDL, and 

triglycerides (TG) are known risk factors of CVD. Fenofibrate is a commonly prescribed cholesterol 

lowering drug but there is heterogeneity in treatment response. Here we conduct a genome-wide 

association study to investigate common and rare genetic variants associated with lipid changes in 

1261 diabetics from the ACCORD clinical trial for ~90 days of fenofibrate treatment. Analysis was 

also stratified by white (n=773) and black (n=123) subjects. A total of 26, 35, and 120 common 

variants, mapping to 5, 7, and 24 genes, were associated with change in TC, LDL, HDL, and/or TG in 

all races, white, and black, respectively (p<1x10-6). In addition, 7 genes were associated with 

changes in TG in the rare variant analysis (q<0.05). Significant genes in the common and rare variant 

analysis were tested for gene expression changes in mice treated with fenofibrate. The validation 

study found 3 genes in the common variant analysis (SMAD3, ATP13A1, and IPO11) displayed 

significantly decreased gene expression in mice treated with fenofibrate (q<0.25). RAB27B and 

DCUN1D4 were significantly associated with TG in the rare variant analysis and displayed 

significantly decreased and increased gene expression, respectively. SMAD3 is an intracellular 

mediator of TGFβ, and smad3-KO mice have been known to have increased insulin sensitivity and 

reduced adiposity. These results may provide new biomarkers for fenofibrate drug response and 

lead to new therapeutic targets. 

 



 
 

 

 

 

 

 

 

Poster Presentation and Chalk Talks 

Glaxo Galleria 

2:30 PM – 4:00 PM 

 

 
 

 

 

 

 

 

 

 

 

 



 
 

 

Influence of Genetic Background and Diet On Metabolic Syndrome-Related Phenotypes in 

Mice 

 

William Barrington2; Pomp, Daniel1; Bennett, Brian1; Threadgill, David2 

 
1University of North Carolina Chapel Hill, Genetics, Chapel Hill, NC 

2Texas A&M University, Molecular and Cellular Medicine, College Station, Texas 

 

Metabolic syndrome is a combination of physiological abnormalities associated with increased 

risk of cardiovascular disease and diabetes. Diet plays a key role in the development of 

metabolic syndrome. However, little is known about how genetic background influences diet 

response. To address this gap in knowledge, our study examined the impact of six diets on 

metabolic syndrome-related phenotypes in each sex of four inbred mouse strains. The diets 

represent current Western diet, traditional Mediterranean diet, traditional Japanese diet, a 

hunter-gatherer diet, and a ketogenic diet. The four inbred mouse strains (A/J, C57BL/6J, 

FVB/NJ, and NOD/ShiltJ) were selected based upon their known susceptibilities to cancer and 

other diseases. We have identified that occurrence and severity of many phenotypes including 

increased adiposity, impaired glucose tolerance, elevated serum triglycerides, and elevated 

liver triglycerides vary depending on both diet and genetic background. Among the most 

striking differences are the opposite responses to the Western and ketogenic diets in C57BL/6J 

and FVB/NJ mice. C57BL/6J display metabolic syndrome-related phenotypes when fed a 

Western diet yet have normal physiology when fed a ketogenic diet. Conversely, FVB/NJ mice 

have relatively normal physiology when fed a Western diet but display metabolic syndrome-

related phenotypes when fed a ketogenic diet. A/J mice are largely resistant to diet-induced 

physiology changes. By identifying the genetic and molecular mechanisms that underpin these 

divergent diet-dependent physiological effects we will be better able to predict how individuals 

will respond to diets and identify strategies to mitigate deleterious effects of diet. 

 

 

 



 
 

 

Is it Getting Hot in Here? The Effects of Temperature 

On Longevity in Drosophila melanogaster 

 

David A. Bullock, Terry Campbell, Crystal Tabor, Lizzy Russell, and Trudy F. C. Mackay 

 

Senescence is the functional decline of an organism as the result of aging. In humans, many 

complex age-related diseases arise because of senescence. The homology between D. 

melanogaster and humans can allow us to discover evolutionarily conserved candidate genes 

that are involved in aging and longevity in both species. We have identified several candidate 

genes associated with lifespan and genome by environment interactions by performing 

genome-wide association studies on the sequenced, inbred lines of the Drosophila Genetics 

Reference Panel (DGRP) across three thermal environments, 18°C, 25°C, and 28°C. In order to 

functionally validate the effects of these genes on lifespan, we are using both Minos element 

insertional mutations as well as RNA interference (RNAi) to knock down expression of the 

candidate genes. We are quantifying lifespan in males and females for each of the Minos 

element mutations, RNAi constructs and their co-isogenic control lines for flies reared at 18, 25, 

and 28°C. This work, which is in progress, will enable us to confirm effects of the candidate 

genes on lifespan as well as to determine to what extent they exhibit genotype by environment 

interactions. 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

Auxin Biosynthesis and Its Regulation 

 

Javier Brumos, Jose M. Alonso and Anna Stepanova 

 

The main endogenous auxin, indole-3-acetic acid (IAA), is produced by the conversion of 

tryptophan into indole-3-pyruvic acid (IPyA) by a small TAA1/TAR family of three 

aminotransferases and IPyA is then directly converted into IAA by the YUC family of 11 flavin-

monooxygenases. With the essential components of this two-step pathway characterized, the 

rising challenge is to decipher the regulatory mechanisms controlling the activity of this 

metabolic route. 

 

TAA1 shows extremely specific and dynamic expression patterns suggesting tight spatial and 

temporal regulation of TAA1 transcription. In order to find upstream regulators of TAA1, a yeast 

one-hybrid screen has been completed and several transcription factors (TFs) have been 

confirmed by transient expression. We are utilizing GFP-tagged recombineering lines to check 

for changes in TAA1 expression patterns upon conditional expression of the candidate TFs in 

stably transformed plants. The goal is to identify specific TFs that directly regulate TAA1 

expression, contributing to the establishment of embryo polarity, meristem maintenance, and 

flower formation. 

 

We are also investigating the poorly understood IPyA-independent routes of auxin biosynthesis 

and are taking advantage of forward, reverse, and chemical genetic approaches. This work is 

aimed at addressing the contribution of the previously postulated parallel routes to plant 

development. 

 

 

 

 

 



 
 

 

Crosstalk Between the DDR and the SAC is Mediated by Mec1-Dependent Phosphorylation of 

Mad1 in Budding Yeast 

 

Debojyoti Lahiri, P.Todd Stukenberg, Daniel J. Burke 

 

Mutations and aneuploidies are the two major perturbations that destabilize genomic integrity 

and result from errors in DNA replication and chromosome segregation respectively. Cells 

employ two major checkpoints, one dependent on the DNA Damage Response (DDR) and the 

other on the Spindle Assembly Checkpoint (SAC), to prevent these errors and to propagate 

intact genomes.  The checkpoints monitor DNA replication and mitotic spindle function 

respectively and have several functions including delaying progression through the cell cycle so 

that the errors get repaired.  The DDR monitors DNA integrity while the SAC responds to 

defects in chromosome attachment to the mitotic spindle. Defects in these checkpoints are 

causal in some human diseases, including cancer. We show that there is crosstalk between the 

DDR and the SAC in Saccharomyces cerevisiae. DNA damage induced by methyl methane 

sulfonate (MMS) induces a mitotic delay in cells lacking the DDR genes RAD9 and RAD24. The 

mitotic delay is dependent on the SAC and the DDR kinases Mec1 and Tel1.  We show that 

Mad1 is the critical substrate for the kinases and that phosphorylation of a single amino acid 

Mad1 (S538) is required for the mitotic delay in response to MMS. We raised an antibody 

specific to a phosphorylated peptide of Mad1 to show that Mad1 phosphorylation is induced in 

response to MMS. MAD1S538A cells have increased levels of Mad1 protein and Mad1S538D 

mutants lack Mad1. This suggests that the absolute levels of Mad1 are dependent on the 

phosphorylation status of Mad1 (538). We propose that there is crosstalk between the DDR and 

the SAC and that the function of the SAC in the DDR is to assure that the anaphase promoting 

complex (APC/C) is inhibited from degrading critical mitotic regulators such as cyclins in 

response to DNA damage.   We propose that there is a second function for Mec1/Tel1-

dependent phosphorylation of Mad1. There is an additional long-term effect of phosphorylating 

Mad1 (538) to promote Mad1 degradation after DNA damage, presumably to overcome 

deleterious consequences of prolonged mitotic delay. 

 



 
 

 

Polygenic Sex Determination Expands Variation in Secondary Sex Characters 

 

Emily C. Moore, R. Craig Albertson1, and Reade B. Roberts 

 
1 Biology Department, University of Massachusetts Amherst, Amherst, MA, USA 

 

For most vertebrates, a single genetic locus begins a cascade of developmental sex-differences 

in the gonad, as well as throughout the organism. Unlike the majority of mammals and birds, 

East African cichlid fish can have several interacting autosomal sex loci segregating within a 

single species, creating a system where sex genotype at a given locus can be decoupled from 

gonadal sex. We are investigating the secondary effects of autosomal sex loci in a cross where 

one female (W) and one male (Y) sex determiner interact to produce siblings with four possible 

sex classes: XXZZ females, XXWZ females, XYWZ females, and XYZZ males. We present results 

linking complex sex genotypes to variation in both morphological (e.g. robustness and 

craniofacial morphology) and behavioral traits (e.g. response to novel environments and 

objects). Preliminarily, we find that the addition of a second sex determiner creates new axes of 

phenotypic variation for a variety of traits. 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

Effect of Sample Size and Genetic Architecture on the Accuracy of Genomic Prediction in 

Drosophila melanogaster 

Fabio Morgante, Wen Huang, Christian Maltecca, and Trudy Mackay 

Understanding the genetic architecture of complex traits is a fundamental aim of many 

branches of genetics. To date, genome wide association studies (GWAS) have been successful 

at identifying some loci affecting complex traits. However, those loci account for just a very 

small proportion of the total genetic variation, a phenomenon called “missing heritability”. This 

is mainly due to small sample size of most studies, which allows only large effect variants to be 

detected. In addition, the multiple testing corrections needed when performing many statistical 

tests is huge in the case of GWAS and the threshold to declare significance is very low. It has 

been shown that methods that regress phenotypes on hundreds of thousands of markers 

concurrently may be able to capture a consistent amount of the genetic variation of 

quantitative traits and increase the predictive ability. However, most of those methods assume 

strict additivity and traits shown to be dominated by non-additive (epistatic) variation have not 

shown any gain in predictive ability. Here, we investigate the effect of sample size and genetic 

architecture on the accuracy of genomic prediction. In order to do that, we made use of the 

unique resource of the Drosophila melanogaster Genetic Reference Panel (DGRP), a collection 

of 205 fully sequenced inbred lines, and simulated data.  

 

 

 

 

 



 
 

 

Genetic Background Influences Efficacy of a tTA Overexpression Conditional Lethal System 

 

Katherine Myers 

 

Drosophila suzukii is a species of Asian fruit fly that has recently invaded the coastal United 

States, posing a threat to soft-bodied fruit crops. The Sterile Insect Technique (SIT) is a 

successful method of pest management that implements the release of modified insects as a 

means for control or eradication of a pest population. Due to the damage caused by the D. 

suzukii female ovipositor, classical SIT cannot be employed as a method for suppression of the 

pest population since sterile female D. suzukii would harm fruit crops. Therefore, releases must 

be male-only. Using the tools of genetic manipulation, transgenic flies can be developed to 

express a conditional lethal system that causes female flies to die and only male flies to reach 

adulthood. This female-specific lethality would be passed on to further generations when 

released transgenic males breed with the wild females, resulting in decline and eventual 

eradication of the wild population. One such system has been developed using overexpression 

of the tetracycline transactivator (tTA) to induce lethality. In this system, lethality is suppressed 

for lab rearing purposes but active in releases. The Drosophila melanogaster Genetic Reference 

Panel can be utilized to examine how genetic background influences the effectiveness of this 

lethal system. Investigating female lethality due to tTA overexpression in 205 inbred lines with 

different genetic backgrounds and performing a Genome Wide Association Study will identify 

candidate allelic variants that influence the efficacy of the lethal system. These candidate 

variants may give insight into the potential of development of resistance in wild populations. 

 

 

 

 

 

 

 

 



 
 

 

A Rose at Any Other Temperature:  An Investigation of Environmental Effects on Lifespan in 

the Rose Populations of Drosophila melanogaster 

 

Elizabeth Russell 

 

Senescence, the process of deterioration with age, is the fate of almost all organisms on Earth 

including humans. An accumulation of degenerative changes over time, senescence will 

inevitably produce a limited lifespan in the affected organism. Fruit flies, found to be a close 

genetic match to humans, also experience this process even under ideal laboratory conditions. 

Variation in senescence and lifespan is due to genetic and environmental factors, such as 

temperature. Research has been successful in identifying several factors associated with 

lifespan; however no comprehensive theory of longevity genetics has been forthcoming. Our 

research utilizes Michael Rose’s unique population of Drosophila melanogaster, which have 

been selected for delayed reproductive senescence to identify factors associated with lifespan 

and aging. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

RNAi-Suppression Effects on Drosophila Lifespan 

 

Desireé Unselt, Kirsty Ward, Alexander Weitzel, Terry Campbell, and Trudy F. C. Mackay 

 

Understanding the genetic mechanisms affecting variation in lifespan in natural populations is 

crucial for understanding the genetic basis of age-related diseases. Lifespan is known to vary in 

natural populations due to the segregation of multiple genetic factors as well as exposure to 

different environmental conditions with a heritability of approximately 10-30%. Drosophila 

melanogaster is a powerful model for assessing naturally occurring genetic variation in lifespan 

because of the ability to perform genomic analyses on a large scale while effectively monitoring 

genetic backgrounds and controlling environmental conditions. The D. melanogaster Genetic 

Reference Panel (DGRP) consists of 205 sequenced inbred lines and allows for the investigation 

of natural genetic variation on phenotypically variable traits. To identify polymorphisms 

associated with variation in aging, a genome wide association (GWA) study utilizing the DGRP 

was conducted. This resulted in the identification of 28 genes significantly associated with 

lifespan. To validate their effects on lifespan, we knocked down the expression these genes 

using RNA interference (RNAi) and a ubiquitous driver. We found several significant results 

associated with lifespan in the RNAi knockdown genotypes relative to their controls. In the 

future, we plan to further functionally validate the role of these genes in the genetic control of 

lifespan using an overexpression assay. The overall goal of these experiments is to establish 

novel genetic networks associated with variation in aging. Since basic biological processes such 

as aging are evolutionarily conserved, these studies will provide candidate genes for 

investigation in other species, including humans. 

 

 

 

 

 

 

 



 
 

 

Senescence and Aggression in Drosophila melanogaster 

 

Kirsty Ward 

 

Aggressive behaviors are important for acquiring and defending resources as well as mates 

across the animal kingdom.  However, aggressive behaviors are often high-risk and can result in 

injury, so the decision to fight is not a trivial one.  Senescence, a decline in physiological 

function with age, is also a trait seen throughout animal species.  In this study, males from 10 

established lines of Drosophila melanogaster called the “Rose Lines” were fought against 

standard white-eyed males and scored for multiple types of aggressive behaviors using novel 

“flydiator arenas” over a four-week period.  The Rose lines consist of five “B – Baseline” and five 

“O – Old” lines that have been subjected to 30 years of selection for delayed reproduction and 

subsequent increase in lifespan.  The Rose Lines have been fully genome sequenced and 

population specific allelic frequencies have been determined for each single nucleotide 

polymorphism (SNP). The results of this study will serve to provide insights into the relationship 

between aggression and senescence and the genetic factors that underlie these traits. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

Chalk Talks 
 

 

Andrea Vogel  

Graduate Student 

Lisa McGraw Laboratory 

Genetics Program and Department of Biological Sciences 
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Trevor Walker 

Graduate Student 

Isik, McKeanad, and Whetten Laboratories 

Tree Improvement Program, Department of Forestry and Environmental Resources,  

College of Natural Resources 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

Individual Variation and Neurogenomics of Pair-Bonding in the Prairie Vole 

Andrea Vogel 

Prairie voles (Microtus ochrogaster) are one of the few socially monogamous mammalian 

species and are a model species for understanding the neuroendocrine basis of social affiliation. 

Despite decades of ecological studies showing the contrary, most lab-based prairie vole 

research has been conducted under the assumption that all prairie voles mate for life and form 

strong pair bonds, dismissing natural variation in affiliative behaviors. We are characterizing the 

extent of variation in a male’s propensity to form a pair-bond with his mate in an outbred 

laboratory population of prairie voles. We observe considerable variation between males in the 

amount of time he spends with his partner as well as in related social behaviors including 

aggression, anxiety, and care for young.  These are behaviors that can change after a male has 

sexual experience. We found that these behaviors do not correlate with the amount of time the 

male spends with his partner in a partner preference test. Currently, we are examining whether 

or not the range of variation seen in the density of hormone receptors in the brain correlates 

with variation in social behaviors. In parallel, we are examining gene expression differences in 

behaviorally-relevant areas of the brain. These studies will provide an understanding of how 

genes and the brain work together to generate individual variation in social behaviors. 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

Heritability of a Curve 

 

Trevor Walker 

 

Consider the heritability of a trait; say a tree's height, as the proportion of phenotypic variance 

explained by the genotype.  It is obvious that the height of a tree depends more on the tree's age 

than its genotype.  The common method for coping with such a problem is to restrict the measure 

of heritability to a fixed age or life stage (e.g. mature height); however, this approach will usually 

sacrifice data points.  Rather, the heritability can be calculated for parameters that describe the 

height-age curve.  Such parameters typically quantify the level, shape or rate of the curve and may 

be related to interesting metrics such as the asymptotic height or the age of maximum height 

growth.  The quantitative genetics literature has dubbed such traits as 'infinite-dimensional' or 

'function-valued' traits because the trait can be described across an infinite set of values (i.e. a 

continuous range).  These sorts of traits are not limited to growth curves, but also include allometric 

curves and maximum size-density (i.e. carrying capacity) relationships.  The present talk introduces 

the idea of artificial selection based on curves and visits the implementation of the method. 
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Molecular Signatures of Hybrid Male Sterility 

Sam Widmayer 

Species barriers are generated and maintained by reproductive isolation in a number of ways, 

including hybrid sterility. Hybrid sterility is frequently observed between subspecific hybrids of 

wild Mus musculus domesticus (Mmd) and M. musculus musculus (Mmm) in central Europe, in a 

hybrid zone limited by dispersal-selection balance. In crosses between laboratory mouse strains 

representing different subspecies, hybrid sterility is often male-specific and asymmetric with 

regards to cross direction. When Mmm-derived PWK/PhJ females are crossed to Mmd-derived 

strains, male offspring exhibit varying degrees of sterility. In these sterile hybrids, testis weight, 

sperm density, and gene expression patterns are disrupted, indicating a potential mechanism 

by which hybrid sterility is established at the cellular level. We ask how reproductive 

phenotypes and testis gene expression profiles differ across a variety of intersubspecific 

hybrids. We have characterized reproductive phenotypes across a panel of 10 types of hybrids 

at sexual maturity (8 weeks old) and find that Mmm x Mmd mice exhibit lower sperm density 

and reduced testis weight compared to reciprocal hybrids. We also find differences in these 

reproductive phenotypes across Mmm x Mmd hybrids, including previously uncharacterized 

crosses such as (PWK/PhJ x DBA/2J)F1 and (PWK/PhJ x A/J)F1, that share known sterility alleles. 

These findings provide evidence for the existence of unknown variants segregating in Mmd that 

drive hybrid male sterility. In the future, we will analyze whole-testis gene expression patterns 

across this panel in order to characterize genomic signatures of hybrid male sterility. 

 

 

 

 

 



 
 

 

Fine-Scale Population Structure of the Dengue Fever Mosquito, Aedes aegypti 

Jennifer Fountain Baltzegar 

Aedes aegypti is the vector species of Dengue virus. The Dengue virus infects approximately 400 

million people per year and there is no vaccine to prevent infection. Recent advances in genetic 

engineering technology, including CRISPR/Cas gene drives, provide a new avenue of vector 

control and disease prevention. However, before genetically engineered insects can be released 

we must first understand the population dynamics of the species. I will discuss efforts to 

elucidate the genetic population structure of Ae. aegypti in Iquitos, Peru. Previous studies 

utilizing mark-recapture methods on mosquitoes have found that individuals tend to have small 

home ranges and do not migrate far in their lifetimes. Consequently, it is thought that mosquito 

populations tend to be highly structured; however, there are uncertainties associated with 

mark-recapture studies. For instance, there is no way to know how many insects move outside 

of the sampling area and if those insects are contributing to the population as equally as the 

individuals who do not move. By utilizing genetic data gathered via the ddRAD-seq method we 

will be able to better predict the effectiveness and implications of genetic engineering 

technologies. 

 

 

 

 

 

 

 

 

 

 



 
 

 

Improved Characterization of the Cichlid Gut Microbiome Via 16s and Shotgun Metagenomic 

Sequencing 

 

Kate Coyle 

 

Dietary adaptation is a universally important factor in organismal fitness as well as a key driver 

in the evolution and diversification of species. Response to diet is a complex interaction 

between nutrient intake, genetic factors impacting physiology and metabolism, and gut 

bacterial content. Because of the massive impact of diet on development and health, there has 

been significant effort to characterize the contributions of these elements; however, the 

genetic basis of species divergence in dietary adaptation remains poorly understood. East 

African cichlids are an excellent model system for studying evolution due to a recent adaptive 

radiation that has resulted in extreme phenotypic divergence in many traits, including those 

involved in adaptation to diet. I am using multiple cichlid genera with different dietary 

specializations representing three trophic levels to investigate the effect of diet on traits 

involved in dietary adaptation, with particular focus on the gut bacterial microbiome. Previous 

work interrogating bacterial 16s profiles shows genus-specific differences in gut colonization 

that may allow for future identification of genetic factors underlying divergence across trophic 

levels. While our 16s profile characterization methods are very effective at identifying which 

bacterial taxa are present in the gut, they lack the ability to identify the metabolic processes 

that these bacteria perform. With the addition of new whole-gut shotgun metagenomic 

sequencing data, we will be able to infer how these bacterial taxa contribute to digestion of 

food and absorption of nutrients, improving our understanding of the gut microbiome’s role in 

adaptation to diet and digestion in general. 

 

 

 

 

 



 
 

 

Identifying the Epigenetic Landscape of the Sp Gene Family During Mouse Cortical 

Development 

Katie Hudson 

The developing cerebral cortex is comprised of neural stem cells (NSCs), which are essential for 

a properly developed and functioning nervous system. NSCs in the cortex undergo two types of 

spatially and temporally controlled divisions: symmetric (early) and asymmetric (late). A range 

of neurodevelopmental disorders can result from the disruption of these divisions. Despite this 

importance, the regulation of symmetric and asymmetric division remains poorly studied. 

Preliminary data suggest that Sp2 is a potential key driver of asymmetric division. Sp2 belongs 

to the Sp gene family, a group of related zinc-finger transcription factors that regulate 

numerous genes during metazoan development. The Sp genes are closely positioned near the 

genes responsible for embryonic anterior-posterior body patterning (Hox genes), suggestive of 

a potential evolutionary relationship. Many of the Sp members have overlapping expression 

profiles, similar DNA binding properties, and known cases of redundancy, making it difficult to 

distinguish the specific functions of each member. The expression of the Sp family in NSCs 

during cortical development is poorly understood. I plan to identify and quantify the Sp genes 

that are expressed in NSCs across several crucial time points during murine cortical 

development. I will then perform a series of individual and combinatorial knock-downs of the 

expressed Sp genes in NSCs during asymmetric divisions. Finally, I will isolate populations of 

early and late cortical NSCs to probe the epigenetic landscape of the Sp genes. This will 

contribute toward a better understanding of the role and the regulation of the Sp genes during 

cortical development. 

 

 

 

 



 
 

 

Understanding the Role of Sexual Fertility in Selection of Aflatoxin Biocontrol Strains 

 

Richard M. Gell, Bruce W. Horn1, Ignazio Carbone 

 
1United States Department of Agriculture, Agricultural Research Service, Dawson, Georgia. 

 

The carcinogenic mycotoxin aflatoxin is a constant threat and economic burden to corn and oil 

seed crops grown within the United States and globally. Aflatoxin is produced by species in 

Aspergillus section Flavi, including A. flavus, A. parasiticus and A. nomius. Within the US and 

Africa, aflatoxin contamination has been controlled through the application of non-aflatoxin 

producing A. flavus strains. With the discovery of heterothallism and sexual reproduction in A. 

flavus, an opportunity exists to utilize the high variation in fertility between mating partners in 

the selection of biological control agents. However, little is known about the occurrence of 

sexual reproduction under field conditions, the genetic basis of fertility and how it is regulated. 

Strains of A. flavus are capable of sexual reproduction in laboratory crosses and evidence for 

heterothallic mating is detectable in the field. To explore the potential fertility of A. flavus 

under natural conditions, we are examining crosses conducted between known isolates and 

wild populations in both controlled conditions and the field. To elucidate the mechanisms of 

fertilization, we are examining crosses in which strains exhibit a strong bias for acting as the 

female or male parent. We are also examining strains with uniquely high-fertility phenotypes 

and their progeny to identify the genetic determinants of fertility. 

 

 

 

 

 



 
 

 

A Killer-Rescue Gene Drive System for Mosquito Population Replacement in the Dengue 

Vector Aedes aegypti 

Sophia Webster 

Dengue is a mosquito arbovirus found in many tropical and subtropical areas of the 

world that causes flu-like symptoms and sometimes develops into a potentially lethal infection 

with dengue fever (DF) or dengue hemorrhagic fever (DHF). The global burden of Dengue is 

increasing dramatically in recent years with an estimate of around half of the world’s 

population at risk for Dengue with up to 100 million infections occurring globally each year. As 

of now, there is no specific treatment for dengue and effective vector control is the best 

prevention technique.  

The tools of genetic engineering can help to reduce and/or replace mosquito 

populations to suppress disease transmission. A gene drive system for population replacement 

of the dengue vector Aedes aegypti is presented here. The 2 approaches described are based 

on (1) pro-apoptotic genes (killer) and inhibitor of apoptosis genes (rescue) or (2) on the 

transcriptional activator GAL4 (killer) and repressor GAL80 (rescue). 

 Reversibility is another possible advantage of the killer-rescue gene drive system. Many 

gene-drive systems are designed to permanently spread through the target species population; 

however killer-rescue can be self-limiting over time and space because both killer and rescue 

components will be lost over time if there are fitness costs associated with the rescue or if the 

release ratio is low. This self-limiting design is desirable in an initial trial where regulatory 

agencies and communities will likely want to test the transgenic system and release of 

genetically engineered mosquitoes before making decisions about release on a broader, more 

permanent scale. 

 

 

 

 



 
 

 

Thanks for attending the 6th Annual Program in Genetics Fall Retreat 2015! 

 

Join us again next year!  

 

 



 
 

 

Have a question concerning the Program in Genetics?  

Contact one of us below! 
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