
Sequence Features Accurately Pre-
dict Genome-Wide Binding In Vivo
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IGB Pioneers Seminar (GEGC)
Role of the CBF Regulatory Pathway in Plant 
Freezing Tolerance
April 19, 2016, 12:00 p.m.
612 Carl R. Woese Institute for Genomic Biology

Michael F. Thomashow, PhD
Michigan State University, Department of Plant, 
Soil and Microbial Sciences
Department of Microbiology and Molecular 
Genetics

Lunch With The Core
STED of Quantum Dots
April 27, 2016, 12:00 p.m.
612 Carl R. Woese Institute for Genomic Biology

Lunch and learn hosted by IGB Core Facilities.

Austin Cyphersmith, PhD
Research Specialist in Life Sciences
IGB Core Facilities

Art of Science 6.0
Opening Reception April 28, 2016, 6:00 p.m.
Gallery 217 (formerly Indo go Gallery)
9 E. University Avenue, Champaign

The Art of Science celebrates its sixth year of 
common ground between science and art and a 
meeting place between the University of Illinois 
and the community. 

2016 Fellows Symposium
May 5, 2016, 8:30 a.m. - 3:30 p.m.
612 Carl R. Woese Institute for Genomic Biology

Hear about current research, connect with other 
students, and submit a poster for the poster 
session. Registration is free, lunch provided:
http://conferences.igb.illinois.edu/fellows/

Keynote by Joan Strassmann  
Charles Rebstock Professor of Biology
Washington University in St. Louis
“Genomic approaches to social interactions in 
the amoeba Dictyostelium discoideum”

Upcoming Events
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This month’s image features a chicken 
footpad labeled with trichrome stain im-
aged using the Nanozoomer. The foot-
pad skin of chicken feet is covered with 
multiple reticular scales. The structure 
includes a thick outer layer called stratus 
corneum (brown) followed by epidermis 
(pink), dermis (blue), and subcutaneous 
tissue (blue and white). Footpad derma-
titis (FPD) is a type of skin inflammation 
that causes necrotic lesions on the plan-
tar surface of footpads. Novus Interna-
tional is studying the structure integrity of 
footpad skin and pathology of FPD.

Image courtesy of Juxing Chen, Novus  
International Inc., St. Charles, Missouri.
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Many of our most widespread diseases, such as di-
abetes, cancer, cardiovascular disease, and mental 
illness, are associated with variants in our genes. 
How do these variants in our genomes carry across 
generations, and how do they ultimately affect our 
health? University of Illinois researchers are trying 
to unlock the mystery.

Parsing out ancestry-related genomic variations 
requires some data crunching. To put it in per-
spective, within each human genome, there are 46 
chromosomes, and a single chromosome can have 
6.5 million variants. Variants can be passed down 
from generation to generation, creating a map of an-
cestral genomic history. Each of those variants may 
play a unique role in our health.  

Using novel algorithms, researchers from Comp-
Gen, a collaborative computational genomics initia-
tive between the Coordinated Science Laboratory 
and the Carl R. Woese Institute for Genomic Biol-
ogy, are employing the supercomputing power of 
NCSA’s Blue Waters to scan 2,500 genomes to de-
termine how variants transfer through ancestral ties.

Armed with this information, they can start to un-
derstand how our ancestry makes us either suscep-
tible or resilient to diseases.

“How our genomic variants are partitioned across 
geographic and ethnic diversity is really important, 
both for understanding human evolutionary his-
tory and patterns of migration and globalization, 
but also very important for understanding health 
and disease, which is our major focus,” said Derek 
Wildman, a CompGen researcher, professor of mo-

To determine disease-causing genetic variants, the 
team needs to solve another genetic problem that’s 
emerging: genomics is quickly becoming the disci-
pline that generates the most data, surpassing other 
big data producers, like YouTube and Twitter, in 
scale. That’s where Blue Waters can help.

“There are more possible phylogenetic trees from 
the 2,500 genomes we’re analyzing than there are 
electrons in the universe,” said Wildman. “So look-
ing at all of those would be prohibitive, but there are 
approaches on Blue Waters that allow you to simu-
late phylogenetic trees and get an idea of what the 
correct ones are.”

Armstrong is using algorithmic approaches called 
maximum likelihood and Bayesian inference to 
comprehensively sort through and efficiently select 
the likely ancestral roots of each human genome.

Once the researchers have the ancestral trees, they 
can map out how our ancestry affects genomic vari-
ations, and which variations are markers for disease.

“We’re working to make better maps of ancestral 
and genomic history and to see the genetic land-
scape more accurately,” said Wildman. “Ultimately, 
knowing what diseases you may be susceptible to, 
based on your genetics, means you can take action 
and make better informed decisions about your 
health.”   

Written by  August Schiess.  Photo by Kathryn 
Faith.

lecular and integrative physiology and leader of the 
Computing Genomes for Reproductive Health re-
search theme at the IGB. 

Wildman, who is working with Don Armstrong, a 
research scientist at IGB, and Monica Uddin, an as-
sociate professor of psychology at Illinois and IGB, 
says past research examining ancestry and disease 
have relied upon self-reported ethnicity, a limiting 
factor.

“A lot of disease research has based ethnic catego-
rizations along self-reported ethnicity, but genetic 
variation is more subtle and complex than socially 
constructed categories such as race,” said Wildman. 
“We’re all mixed to varying degrees with different 
histories, and that complexity, which we can deter-
mine using Blue Waters, likely plays a role in our 
health and disease.”

When looking at what can causes disease, it is addi-
tionally important to disambiguate between genet-
ic and external factors of particular ethnic groups. 
Wildman, for example, has found that in terms of 
pregnancy, African Americans are at a greater risk 
for pre-term birth than white Americans. The rea-
son for this is something this team is still investigat-
ing.

“We’re not sure whether that’s due to environment, 
psycho-social factors, a history of racism and seg-
regation, or genetics,” said Wildman. “We haven’t 
been able to tease them apart, but it seems worth-
while to examine all those aspects. Having accurate 
ancestral trees in relation to genetic variants is a key 
component.”

CompGen team builds ancestral trees  
to determine disease-causing genetic variants

FEATURE
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experimental work, while Dr. Song’s group han-
dled the complex computation and modeling. 

The research team, representing several univer-
sities in the U.S. and Korea, used new high-res-
olution MeCP2 ChIP-seq data from olfactory 
epithelium, to develop a predictive model of 
genome-wide MeCP2 binding pattern. Al-
though there is strong evidence in vitro support-
ing the ability of MeCP2 to bind methyl-CpG 
(mCpG), MeCP2 may actually bind diverse 
sequences in vivo, as reflected in its multifaceted 
roles. The functional impact of MeCP2 has been 
previously examined by attempting to identify 
MeCP2 target genes in neurons. In addition to 

a number of genes found to be suppressed by 
MeCP2, multiple studies have also identified a 
global reduction of transcription in neurons lack-
ing functional MeCP2, suggesting a novel activat-
ing role of MeCP2. 

“Contrary to the common belief that MeCP2 can 
bind only methylated CG, our study shows that 
MeCP2 in fact has diverse modes of binding, largely 
attributable to the GC sequence content and often 
independent of the methylation status of DNA,” 
Song said, adding that the lack of a fine-resolution 
genome-wide binding map has been a major bottle-
neck in understanding the mechanism of MeCP2 
function to this point. “This study shows that 
MeCP2 binds distinct but numerous sites through-
out the genome in a manner that can be accurately 
predicted using DNA sequence features alone.”

Study was made possible by important contribu-
tions from other co-authors Miroslav Hejna (Uni-
versity of Illinois); Huaiyang Chen, Dag H. Yasui, 
John F. Hess, and Janine M. LaSalle (University of 
California-Davis School of Medicine).   

Written by Rick Kubetz. Photos courtesy of Jun 
Song lab.

RESEARCH

Researchers from the University of Illinois at 
Urbana-Champaign and the University of Cal-
ifornia-Davis (UC Davis) are combining in vivo 
experimentation with computation for highly 
accurate prediction of the genome-wide bind-
ing pattern of a key protein involved in brain 
disorders.

“The MeCP2 gene is critical for proper brain 
development and expressed at near-histone 
levels in neurons, but the mechanism of its ge-
nomic localization remains poorly understood,” 
explained Jun Song, a professor of bioengineer-
ing and of physics at the University of Illinois 
at Urbana-Champaign. “Using high-resolution 
MeCP2 binding data, we show that DNA se-
quence features alone can predict binding with 
88% accuracy.” Dr. Song is also a faculty member 
at the IGB.

Even though every cell in a person’s body contains 
the same DNA sequence, it is possible to have hun-
dreds of different cell types with distinct shapes and 
functions, because the access to genetic information 
encoded in DNA is regulated in a cell type-specif-
ic manner. One way of regulating the information 
access is through chemically modifying DNA with 
methylation, which is in turn recognized by various 
proteins that physically interact with other factors to 
control transcriptional activities.

According to Tomas Rube, a postdoctoral research-
er in Song’s research group, MeCP2 is one of the 
proteins previously identified to bind methylated 
CG dinucleotides.

“Mutations in the MeCP2 gene are directly linked to 
a severe brain disorder known as the Rett Syndrome, 
but the genome-wide binding pattern and function 
of MeCP2 remain poorly understood,” said Rube, 
the lead author of the paper, “Sequence Features Ac-
curately Predict Genome-wide MeCP2 Binding in 
vivo,” appearing in Nature Communications.

In neurons, MeCP2 is approximately as abundant as 
histone octamers in the nucleus and is believed to 
be broadly distributed throughout chromatin. This 
high abundance has posed a major technical chal-
lenge in mapping the genome-wide binding sites 
of MeCP2 and characterizing the precise DNA se-
quence features that help recruit MeCP2.

The researchers showed that MeCP2 densely covers 
the genome in a manner that can be accurately pre-
dicted using DNA sequence features alone and that 
local MeCP2 binding activities can help explain the 
pattern of gene expression in neurons.

“These findings provide key insights into this im-
portant epigenetic regulator and highlight the com-
plexity of understanding the relation between DNA 
sequence and gene regulation,” stated Wooje Lee, a 
co-first author and a postdoctoral fellow in the lab-
oratory of Qizhi Gong, professor of cell biology and 
human anatomy at the UC Davis School of Medi-
cine and co-senior author of this study. Dr. Gong’s 
laboratory and her colleagues at UC Davis did the 

Sequence features accurately predict 
genome-wide MeCP2 binding in vivo

Jun Song, Founder Professor of  
Bioengineering and of Physics,  
applies research in computational  
biology and biomedicine and  
leverages methodologies and tools  
of physics and mathematics to  
discover how transcription factors, 
chromatin structure and non-coding 
RNAs regulate gene expression.

Tomas Rube (left), postdoctoral researcher  
in Song’s research group, and Wooje Lee 
(right), co-first author and  postdoctoral  
fellow in the laboratory of Qizhi Gong.
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PROFILE

Megan Dailey (RBTE) is a difficult person to cate-
gorize. An animal scientist who began her scientific 
career with a degree in Psychology? A neuroscien-
tist who studies the digestive system? She is able to 
weave all the different threads of her work togeth-
er into a seamless fabric by anchoring them to the 
most basic principles of life.

“All of our genes, everything, all of it meant to do 
two things. Survive, reproduce. Survive, reproduce. 
Whenever I teach a class, my students get so sick of 
it,” Dailey said with a smile. “It’s all about nutrient 
availability, and then can I make some offspring ... 
and that’s it.”

Of course, uncovering the complicated story of how 
cells use the resources in their environment to ful-
fill these basic drives will take Dailey and countless 
other researchers years of work. Dailey is interested 
in how nutrients affect the function of a cell, wheth-
er that cell is in the brain or in the intestine; she 
wants to know how what we and other animals eat 
changes how our bodies work.

Dailey’s career in science actually grew out of a cu-
riosity about how the structure and function of the 
brain influences an animal’s perception of its envi-
ronment. During her graduate studies at Georgia 
State University, she studied how different diets—
high fat, high protein, high sugar—change the gene 
expression and signaling activity of neurons and, as 
a result, the feeding behavior of the animal. As she 
began her postdoctoral work at the Johns Hopkins 
University School of Medicine, she found that her 
questions about nutrients and the brain were out-
pacing the technology available at the time to help 
answer them.

“There’s so little known about the blood-brain bar-
rier [the layer of cells lining capillaries in the brain 
that strictly control what nutrients and other chem-
icals can enter the brain] but there’s even less known 
about how to properly study the blood-brain barri-
er,” Dailey said. “I decided to look a little more at 
how the nutrients that we eat affect cellular function 

in obese animals.

The connection to stem cell biology is leading Dai-
ley back to her long-standing interest in nutrition 
and the brain. A neuroscience graduate student in 
Dailey’s laboratory, Elizabeth Davis, is investigat-
ing how the autonomic nervous system influences 
intestinal stem cell proliferation. Dailey also hopes 
to explore whether the same signaling mechanisms 
that connect nutrient intake with cell division in the 
intestine also impact the rate at which new neurons 
are produced in the adult brain.

Through all the twists and turns of her research ca-
reer, Dailey stays close to the most basic questions 
that drive her work, and she feels at home in the 
interdisciplinary environments she has discovered 
in the School of Integrative Biology, the Neurosci-
ence Program, and the IGB since moving to Illinois 
in 2013.

“I see a cell with a cell membrane, and somehow 
all that stuff on the outside, growth factors, nutri-
ents, are affecting the way that that cell functions,” 
she said. “That’s also one thing that’s good about 
Illinois, is that you have a home department that of 
course brings you one theme of your research, but 
because there’s these other interdisciplinary pro-
grams, you really can highlight tangential aspects of 
your research.”

In addition, she appreciates the collegiality and gen-
uine enthusiasm for scientific inquiry that has char-
acterized Illinois for her since her first visit.

“It also felt like people wanted to hear about what 
you were doing, they wanted to try to help you, it 
felt very genuine,” she said. “And then I came back 
for a second interview, and it just got better. It kept 
getting better every single time. Now I’ve been here 
for two and a half years, and my first impression nev-
er went away.”   

Written by Claudia Lutz. Photo courtesy of the 
Dailey Lab. 

within the intestine ... I was using the same exact 
knowledge, the same processes that I was exploring 
in the brain, I was just doing it in a different type 
of cell.”

Instead of examining a tissue that is affected by nu-
trition indirectly, through many layers of filtering 
and signaling, Dailey was now looking at tissues that 
make physical contact with nutrients as they enter 
the body and move into the bloodstream. Accord-
ingly, the results were dramatic. She found that high 
fat diets induced growth of the epithelial lining of 
the intestine; this growth was stimulated by contact 
with the food, whether it was eaten or infused di-
rectly into the gut.

The phenomenon appears to be a unifying one 
across many animal taxa, including mammals, fruit 
flies, hydra, and roundworms. Dailey turned her at-
tention to examining the communication that must 
occur between the cells that line the villi, the mi-
croscopic projections of the intestinal wall, and the 
stem cells that are nestled in the glands called crypts 
that lie in between.

Dailey’s recent findings suggest that the amount of 
food and the type of diet are detected and signaled 
to the stem cells via different systems, respective-
ly influencing the rate of cell division and types of 
cells produced. She is interested in how high fat di-
ets eventually lead to chronic signaling differences 

Megan Dailey:
Finding the connections between what we eat and who we are

Megan Dailey is an Assistant Professor 
in the Department of Animal Sciences 
and a member of the Neuroscience 
Program. Her research explores the 
biological signaling systems that l ink 
what an animal eats with how its cells 
proliferate and how they act, in the 
digestive system and in the brain.

“I decided to look a l itt le more 
at how the nutrients that we eat 
affect cellular function within the 
intestine ... I was using the same 
exact knowledge, the same pro-

cesses that I was exploring in 
the brain, I was just doing it in a 

different type of cell.”



ON THE GRID
HAPPENINGS AT THE IGB

NEW ARRIVALS

MARNI BOPPART
Marni Boppart, Associate Professor of Kine-
siology and Community Health (Regenera-
tive Biology & Tissue Engineering) received a 
Campus Excellence in Undergraduate Teaching 
Award from the University of Illinois for her 
positive impact on student learning.

HYUNJOON KONG
Hyunjoon Kong, Associate Professor and Cen-
tennial Scholar in Chemical and Biomolecular 
Engineering (Regenerative Biology & Tissue 
Engineering) has received the College of En-
gineering Dean’s Award for Excellence in Re-
search, given annually to faculty in recognition 
of their outstanding research.

REX GASKINS
Rex Gaskins, Professor of Immunobiology, 
Departments of Animal Sciences and Patho-
biology (Regenerative Biology & Tissue Engi-
neering) has received a Distinguished Scientist 
Award from the Society for Experimental Biol-
ogy and Medicine (SEBM), which promotes 
interdisciplinary investigation in the biomedi-
cal sciences.

KAREN SEARS
Karen Sears, Associate Professor of Animal 
Biology (Regenerative Biology & Tissue Engi-
neering) received a Campus Excellence in Un-
dergraduate Teaching Award from the Universi-
ty of Illinois for her positive impact on student 
learning. 

IGB FELLOWS SYMPOSIUM
Learn about IGB research, hear about current 
issues in the life sciences, connect with other 
students on campus and share your research at 
the popular poster session. 

Registration is free and lunch will be provided: 
http://conferences.igb.illinois.edu/fellows/

Registration will close on April 29, 2016. For 
inclusion in the program posters must be 
submitted by April 28, 2016.

SYMPOSIUM

POLLEN POWER
Registration for Pollen Power summer camp at 
the IGB is now open! Pollen Power is a week-long 
day camp for girls entering 6th-8th grade to learn 
about the biological sciences, climate change, and 
research careers. Find out more and sign up at 
http://pollensummercamp.illinois.edu/.

SUMMER CAMP

ART OF SCIENCE
The Art of Science is celebrating its 6th year 
with a gallery opening at Gallery 217 (formerly 
Indi Go Artist Gallery) on Thursday, April 28th. 
Showcasing imagery from the Core Facilities at 
the IGB, the Art of Science traveling art exhibit 
highlights cutting-edge research that is addressing 
significant problems in the environment, medi-
cine, energy use and production, and fundamen-
tal research. 

ART
BLOOD DRIVE
The IGB is having a blood drive on Monday, May 
9, in IGB Conference Room 612 from 8:00 a.m. 
to 1:00 p.m. Our goal is set for 25 units of blood. 
Please help us meet this goal and show how great 
our team is.
 
Remember—one pint of blood can save up to 3 
lives, the number one use of blood products is to 
help people fighting cancer. Every donor is a hero 
in the eyes of the person who is receiving that 
blood donation!
 
Sign up at www.bloodcenterimpact.org, call  
Darci Edmonson at 244-2200 or email at  
darci@illinois.edu.

DONATE
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DEPARTMENT ANNOUNCEMENTS

UNIVERSITY OF ILLINOIS TAX EXEMPT STATUS

The University of Illinois is an instrumentality of the State of
Illinois, and as such it is exempt from federal income tax under Section
115 of the Internal Revenue Code. The Internal Revenue Service also
recognizes the University as exempt from federal income tax under
Section 501(c)(3).

In addition, the University is exempt from the following Illinois state
and local taxes:

•	 Income Tax
•	 Real Property Tax
•	 Retailers’ Occupation Tax
•	 Service Occupation Tax
•	 Use Tax and Service Use Tax

BUSINESS

The University is not exempt from Electricity Excise Tax or Hotel
Operators’ Occupation Tax.

When making purchases on behalf of the University, please present
suppliers with the University’s sales tax exempt letter to avoid paying
sales tax on purchases. The State of Illinois Tax Exempt Letter can be
found at the following url: https://www.obfs.uillinois.edu/common/pages/
DisplayFile.aspx?itemId=93238.

For additional information, see the OBFS Policies and Procedures Manual
Section 18.6, Sales and Use Tax found at the following url:
https://www.obfs.uillinois.edu/bfpp/section-18-taxes/section-18-6   

ILLINOIS RESEARCH CONNECTIONS BETA

Illinois Research Connections BETA (IRC BETA) allows members of 
the Illinois research community to access nearly 1,800 STEM and social 
science faculty profiles through an online, searchable database, updated 
weekly from the Scopus abstract and citation database. 

For the BETA launch in fall 2015, profiles were created for all tenure-line 
faculty in STEM and social sciences units at the University of Illinois at 
Urbana-Champaign, and all researchers within OVCR institutes.

IRC BETA does not include non-tenure line researchers from most units 
at this time (emeritus faculty, clinical faculty, academic professions), and is 
investigating the most efficient ways to include non-faculty research experts 
from across campus.

Following the BETA launch, Illinois Research Connections will grow to 
include up to 2,500 public faculty and researcher profiles from all Illinois 
disciplines, and expand to include grants, patents, and more. Use cases 
include:

•	 Faculty, researchers, and staff can identify a potential collaborators 
with niche expertise on- or off-campus, identify potential reviewers 
with needed expertise for a grant, fellowship, P & T, and more

•	 Grad students, postdocs, and undergrads can identify advisors, men-
tors, and committee members

COMMUNICATIONS

•	 General public, legislators, and potential corporate partners can 
view the breadth, depth, and significance of campus research in one 
central place

Now would be an excellent time to log in, review your profile, and update 
your information as needed. Simply visit http://experts.illinois.edu and 
click “Log into Pure” at the bottom of the page. Your login information is 
your Active Directory (AD) username and password. 

IRC BETA can also be used to export a list of captured publications into 
several formats, including Word, PDF, RIS, BibTeX, and HTML.

An extensive FAQ list and training videos can be found at  
http://publish.illinois.edu/researchconnections/?page_id=67

Illinois Research Connections is a joint project supported by the Uni-
versity Library and the Office of the Vice Chancellor for Research. The 
service has been developed using the Elsevier Pure Experts researcher 
information portal. By using Elsevier Pure, Illinois Research Connections 
will facilitate discovery of potential collaborators on the Illinois campus 
as well as a larger network of more than 160,000 researcher profiles at 
160+ institutions worldwide, including CIC peers Michigan, Northwest-
ern, and Minnesota.   

Questions can be sent to irc-help@illinois.edu.   
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RECENT PUBLICATIONS

IGB News is published by the IGB Communications Office.  
Contact Nicholas Vasi (nvasi@illinois.edu)

www.igb.illinois.edu   16.031

Please include your connection to the IGB in your author byline when submit-
ting publications, as it will greatly help track potential newsworthy items and 
increase the possibility of coverage.
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