
A warm welcome from the 
Brain Development Research 
Program (BDRP) here at 
UCSF! This is our sixth year 
providing an annual update, 
and we’re excited to tell you 
about our research progress 
and future directions. 

Before I go any further, I 
just want to extend a BIG 
thank you to all of our 
study participants and re-
ferring healthcare provid-
ers. We could not be more 
grateful for your help by 
participating in our re-
search programs. Through 
your substantial support 
and contributions, we are 
able to make significant 
headway towards better 
understanding neurode-
velopmental disorders and 
devising new treatments to 
ameliorate the associated 
difficulties. 
In this newsletter, our team 
will give you an update on 

what is going on in the lab 
and provide you with infor-
mation about how you can 
get involved or continue to 
help! You will hear direct-
ly from just a few of the 
many talented members of 
our multidisciplinary team 
who dedicate their time 
and talents to identifying 
the genes responsible for 
brain development and the 
mutations in these genes 
that lead to Autism, Epi-
lepsy, and brain develop-
ment disorders. 
In our 2010 newsletter, Dr. 
Liliana Fernandez had just 
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begun using zebrafish to study how 
genes influence brain development. 
In her article, Dr. Fernandez discusses 
her work in characterizing the effects 
of a novel gene, TMTC4, which ap-
pears to be associated with AgCC. Dr. 
Fernandez is working to characterize 
this gene’s function in brain develop-
ment in zebrafish.
Dr. Jiang Li has been with the BDRP 
since 2005, and he continues to make 
remarkable progress in unraveling the 
genetic causes of brain development 
through next generation DNA sequenc-
ing. In this newsletter, Dr. Li discusses 
multiple approaches used in our lab to 
analyze the DNA samples generously 
donated by our research participants. 
Dr. Elysa Marco is a dedicated re-
searcher and clinician who serves as 
the Director of the Autism and Neu-
rodevelopment Center at UCSF.  In 
addition to providing outstanding 
clinical care for patients with AgCC, 
autism, and other neurodevelopment 
disorders, Dr. Marco regularly con-
tributes to our lab’s research efforts. In 
this newsletter, she’ll share with you 
some interesting findings about cogni-
tive executive functioning in individu-
als with AgCC compared to individu-
als without AgCC. 
Drs. Dorothy Jones-Davis and Alireza 
Faridar continue to make advances in 
autism genetics in animal models. In 
this newsletter, they describe their re-
search on the ERK signaling pathway, 
a biochemical pathway thought to be 
affected in patients with autism spec-
trum disorder. Their efforts to identify 
novel biomarkers in autism could lead 
to earlier diagnosis, novel targeted 
treatments and improved prognoses.
Julia Owen, PhD has been a tremen-
dous asset to Dr. Pratik Mukherjee’s 
radiology and biomedical imaging lab 
and to our study in mapping the vast 
network of connections in the brain. 
In her article, she highlights some 
of her exciting new insights in brain 
networks and pathways in AgCC. Dr. 

Owen’s  “connectome” data is help-
ing us better understand the effects of 
AgCC on interhemispheric connectiv-
ity. Likewise, Leighton Hinkley, PhD 
continues his groundbreaking work 
using magnetoencephalography, or 
MEG, to precisely measure electri-
cal activity in the brain. Through this 
method of brain imaging, Dr. Hinkley 
reveals ways in which the absence of 
the corpus callosum impacts brain 
dynamics. 
In addition to being updated on our 
existing projects, you will learn about 
our latest projects and collaborations, 
such as the Simons Variation in Indi-
viduals Project (SVIP) and Epi4K: 
Gene Discovery in Epileptic Enceph-
alopathies. 
Polina Bukshpun and Nick Pojman 
are the friendly faces of SVIP at 
UCSF. They have done an incred-
ible job coordinating participants’ 
research visits to UCSF for advanced 
imaging. In this newsletter, Polina and 
Nick describe the methods and goals 
of the study. We’ve only just begun, 
and we’re already excited about some 

of our preliminary findings! 
Sahar Esmaeeli-Nieh, PhD and 
Maura Madou, MD will tell you 
a little bit about our lab’s work 
with Epi4K. Epi4K was made 
possible by the Epilepsy Phe-
nome/Genome Project (EPGP), 
the largest study ever conducted 
on the genetic causes of epilepsy. 
Sahar and Maura will aid in clin-
ically and genetically analyzing 
EPGP’s Infantile Spasms cases. 
This is just a sampling of the 
many efforts underway in the 
lab, and there are many other lab 
members whose work is essen-
tial to making these discoveries: 
Gilberto da Gente, Corby Dale, 
Eric Rider, Mari Wakahiro, Tra-
cy Luks, Anne Findlay, Rita Jer-
emy, Brianna Paul, and our new-
est research coordinator, Katie 
McGovern, who helped compile 
these articles and put this news-
letter together. I would also like 
to especially thank Dick Howell, 
a longtime volunteer and an inte-



gral member of our team. Dick has dedicated a substantial 
amount of his time, energy, and resources over the past six 
years to help implement systems to digitize, organize and 
archive our extensive collection of brain imaging data.  We 
are forever grateful for his willingness to roll up his sleeves 
and share his expertise.  
We hope you enjoy reading this issue and find it helpful 
for understanding the BDRP’s day-to-day efforts towards 
better understanding brain development and associated 
disorders. Please feel free to contact us if you have any 
questions or if you’re interested in becoming involved. As I 
mentioned before, our work would not be possible without 
those who participate in and support our research. There-
fore, if you or someone you know has been diagnosed with 
or is thought to have Autism, Epilepsy, or other brain de-
velopment disorder, please call us at 415-502-8039 or visit 

our website at http://brain.ucsf.edu. 
Finally, let me say that it has been a real privilege to 
work with all of our research participants over these 
years. I am humbled by the amount of time and en-
ergy that you all have selflessly devoted towards ad-
vancing our research. Your contributions do not go 
unnoticed. Thank you for rallying around us and for 
your continued support. 

The genetics of the agenesis of 
the corpus callosum (ACC) is 
variable and reflects the under-
lying complexity of the devel-
opment of this bundle of nerve 
fibers in the brain. In previous 
studies, we have identified a 
novel gene, TMTC4, in patients 
with ACC. TMTC4 is highly ex-
pressed in the developing brain 
and specifically in midline brain 
structures responsible for devel-
opment of the corpus callosum. 
We are using the zebrafish as 
a model system to character-
ize this gene and understand its 
function in the development of 
the corpus callosum. The ze-
brafish is an attractive model for 
developmental biology and ge-
netics because it is a vertebrate 
with conserved organization 
of common organs and tissues 
similar to humans, including the 
brain and the spinal cord. More-
over, zebrafish produce large 
clutches of externally fertilized 
and transparent eggs that devel-
op rapidly and synchronously, 

with the first day of zebrafish 
development being approxi-
mately equivalent to the first 
trimester of mammalian de-
velopment. 
By injecting molecules, 
called morpholinos, that 
block TMTC4 expression, 
we have shown that after 
48 hours, by blocking the 
TMTC4 gene the embryos 
show a very small head and 
small or no eyes. By co-in-
jecting the morpholino that 
blocks TMTC4 expression 
and TMTC4, we are able to 
reverse these abnormalities 
seen in the embryos. These 
findings indicate the im-
portance of this gene.  Ex-
amples of these findings are 
shown in Figure 1. By this 
method, we will also deter-
mine if the changes identi-
fied in TMTC4 in the DNA 
of our patients with ACC are 
pathogenic. 
To further investigate this 
gene, we are planning to 

perform more studies using the zebrafish and 
human cell lines to understand the role of this 
candidate gene in the development of the corpus 
callosum. Consequently, this will lead to under-
standing the pathways involved in the develop-
ment of this fiber bundle and the pathogenesis 
of ACC and related disorders.
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The brain can be thought of as 
a highly connected network, 
where white matter tracts are the 
“wires” by which functionally 
specialized areas of the brain can 
send and receive information to/
from other regions. Diffusion-
weighted MRI (also called dif-
fusion tensor imaging; DTI) en-
ables the imaging of the white 
matter tracts in the human brain, 
from which, we can construct the 
network of white matter connec-
tions between various regions of 
the brain for a particular individ-
ual. This global network is often 
referred to as the “connectome”. 
The goal of this project is to un-
derstand how the absence of the 
corpus callosum, as seen in sub-
jects with AgCC, affects the net-
work architecture of the brain. 
Clearly, lacking the major white 
matter connection between the 
two hemispheres of the brain will 
affect cross-hemisphere com-
munication and connectivity, but 
we are also interested to learn 
how the individual hemispheres 
might be rewired due to the ab-
sence of the corpus callosum. 
Borrowing mathematics from the 

field of network analysis (a growing 
field in this age of social networking 
and the internet), we can approach 
this biological system with quanti-
tative tools to assess which areas of 
the brain are under-connected, over-
connected or equally connected in 
the AgCC population as compared 
to control subjects. 
We are finding some interesting dif-
ferences, most notably that as ex-
pected the cross-hemisphere con-
nectivity is drastically affected in 
AgCC, the within hemisphere con-
nectivity is affected in a much more 
subtle way. Also, the degree to which 
the within hemisphere connectivity 
is altered in AgCC is highly variable 
between subjects. This means that 

there are multiple, variable compensa-
tory “rewiring” strategies in individu-
als born without a corpus callosum. In 
the future, we will look for correlations 
between the variation of the brain net-
work architecture and the variation of 
cognitive performance in AgCC. This 
will help us better understand the link 
between the architecture of the brain and  
behavior. In the long term, connectome 
data could eventually  help inform clini-
cians’ treatment methods with AgCC.

The human brain is a complex organ that operates on many different 
levels. It produces thoughts, stores memories, regulates emotions, 
and participates in a myriad of other processes. In our lab, we use 
a novel brain imaging technique, magnetoencephalography (MEG), 
to better understand how congenital loss of the corpus callosum 
(AgCC) impacts brain dynamics. 
Two ongoing projects in the lab look separately at 1) how brain re-
gions cooperate with each other in AgCC, and 2) how activation in 



In order to identify the genetic causes of brain 
development disorders, our lab uses next gen-
eration DNA sequencing to search for candidate 
genes. Candidate genes are those that are sus-
pected to be the cause of disease. Recent large 
scale sequencing efforts using DNA from pa-
tients with   complex diseases, such as Agenesis 
of the Corpus Callosum and Aicardi Syndrome, 
compared to DNA from controls suggest that 
rare mutations play a major role in abnormal 
brain development. 
Our lab utilizes varied approaches and analytical 
techniques to identify these rare mutations. One 
approach is to sequence, filter and compare DNA 
from multiple unrelated, affected individuals. 
Through this technique, we are able to identify 
rare single-nucleotide polymorphisms, or SNPs. 
These are single alterations in DNA sequence. 

Unraveling the Code: 
Approaches to DNA 
Sequencing
By Jiang Li, M.D., Ph.D.

Dr. Hinkley is a post-doctoral fellow working with 
Dr. Sri Nagarajan in the Radiology and Biomedical 
Imaging Department at UCSF.

While SNPs occur often and contribute to genetic variability in 
the human population, they can also lead to the development 
of disease. Therefore, we sequenced DNA samples from eigh-
teen participants with Aicardi Syndrome, filtered out common 
SNPs observed in the population, and successfully identified 
hundreds of rare SNPs to examine more closely.
A second approach is to sequence DNA from an affected indi-
vidual and both biological parents, otherwise known as trios. 
This approach can be used to pinpoint de novo mutations, or 
new mutations that are not present in either parent. Addition-
ally, we aim to test the hypothesis that Aicardi Syndrome arises 
from somatic mosaicism. Somatic mosaicism is when differ-
ent tissue types are genetically distinct, and may be caused by 
DNA mutations, chromosomal abnormalities, and other ge-
netic alterations. The potential consequences are varied and 
often deleterious. To test whether or not somatic mosaicism 
is involved in Aicardi Syndrome, we are expanding the trio 
approach to a tetrad approach. This means, we are collecting 
two different tissue samples from the patient with Aicardi Syn-
drome, and one tissue sample from each biological parent.  One 
last promising approach is whole exome sequencing which en-
ables us to selectively sequence important regions of DNA that 
code for protein synthesis. Variation in this coding region may 
have functional consequences that lead to disease. We have se-
quenced whole exomes in patients from two consanguineous 
families with autosomal recessive callosal agenesis.  Several 
candidate genes have been identified, and we are now sequenc-
ing these candidate genes in other patients with similar clinical 
characteristics.
The Sherr Lab continues to use the latest technology and DNA 
sequencing techniques to bring to light the genetic causes of 
brain development disorders. Through our exhaustive and mul-
tifaceted effort, our intent is to better understand the genes re-
sponsible for brain development and identify the alterations in 
DNA sequence that lead to callosal agenesis/dysgenesis, Aicar-
di Syndrome, and other disorders of brain development.

the brain is related to language processing in AgCC.  
Using MEG, we were able to identify that individuals 
with AgCC show reduced functional coupling between 
brain regions, and the degree of coupling is related 
to deficits in processing speed and problem solving.  
Furthermore, results from this study elucidate that, 
in AgCC, cooperation between brain regions within 
a single hemisphere is reduced to the same degree of 
cooperation between brain regions across the two ce-
rebral hemispheres. Thus rewiring in AgCC has broad-
ranging effects on how different regions of the brain 
communicate with each other (see section: Mapping 
Neural Connectivity in AgCC).  In the MEG study of 

language processing, we observed that individuals with 
AgCC recruit their right hemisphere for speech recep-
tion and production, in comparison to patterns of left-
hemisphere language dominance observed in typically 
developing individuals.  Collectively, these findings al-
low us to use MEG to relate brain dynamics to cognitive 
impairments observed in AgCC, expanding the opportu-
nity for the development of diagnostics and treatment of 
the condition.  
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By Elysa J. Marco, MD



Autism is a neurodevelopmental disorder of unknown eti-
ology. Affected individuals may have language disruption, 
impaired social functioning, and self-stimulatory and/or 
repetitive behaviors. An estimated one out of every 150 
children has some degree of autism, and as many as 1.5 
million people in the United States currently live with the 
disorder. 
Advances in autism genetics and in the study of animal 
models provide evidence to suggest that some biochemical 
pathways are commonly affected in autistic patients. The 
ERK signaling pathway is one such candidate that has re-
cently received increased attention. This pathway mediates 
the transmission of signals from the cell surface to the cy-
toplasm and nucleus of the cell. Activity levels of the ERK 
signaling pathway can regulate diverse cellular process 
such as proliferation, differentiation and cell survival. In 
the nervous system, ERK signaling appears to be involved 
in a diverse array of activity-dependent neuronal events in-
cluding cognitive function and memory formation. There-
fore, we have hypothesized that ERK signaling pathway is 
disrupted in our patients who fall on the autism spectrum.  

To evaluate this hypothesis, we first compared the 
activity level of this pathway in an animal model of 
autistic-like behaviors, and compared these mice to 
“control” mice that did not exhibit these behaviors. As 
we predicted, the activity level of the ERK signaling 
pathway was significantly increased in the brains of 
the mice exhibiting autistic-like behaviors, but not in 
the control mice. Finally, by testing the brain of inter-
crossed mice (autistic mice×control mice), we have 
shown that there is a correlation between mice who 
exhibit more autistic-like behaviors and the degree of 
ERK signaling pathway activity. 
We are very excited about these results, as they may 
not only be helpful in the development of a novel di-
agnostic marker (biomarker) for autism, but may also 
be helpful in determining novel therapeutic targets 
in autism. Our future goal is to evaluate whether the 
ERK signaling pathway can be used as a biomarker to 
aid in the diagnosis of autism, and possibly for moni-
toring treatment efficacy. 

Infantile spasms is an epilepsy syn-
drome that typically presents in young 
infants. The diagnosis is made when 
there are characteristic brief jerking 
movements that often occur in clus-
ters and a typical erratic EEG pattern 
referred to as hypsarrythmia. Patients 
are then grouped into symptomatic 
or cryptogenic infantile spasms sub-
categories. Symptomatic spasms are 
associated with an underlying cause 
such as structural brain abnormali-
ties, perinatal asphyxia and/or a num-
ber of genetic syndromes including 
tuberous sclerosis (most common), 
neurofibromatosis and Down syn-
drome. When no underlying cause 
can be found, the patients receive a 
diagnosis of cryptogenic infantile 
spasms—a diagnosis that is given to 
roughly one third of all cases.  As part 
of the Epilepsy Phenome/Genome 

and Epi4K projects, we aim to further 
categorize patients with cryptogenic 
infantile spasms to develop a better 
understanding of the genetic factors 
involved, enabling researchers to 
translate genomics into biological di-
agnostics, individualized treatments, 
and target identification for develop-
ment of new therapeutics. 
It is well known that many forms of 
epilepsy are strongly influenced by 
genetics; however, there has been rel-
atively little progress in identifying 
the genetic differences that contrib-
ute to most forms of epilepsy, includ-
ing cryptogenic infantile spasms. For 
this purpose, the Epilepsy Phenome/
Genome Project has assembled the 
largest cohort of patients with cryp-
togenic infantile spasms worldwide 
to date. From a clinical (or pheno-
typic) standpoint, we will be ana-

lyzing medical records extensively 
to identify patterns within patient 
groups that might serve as clues to 
genetic changes that correlate with 
these findings. As part of Epi4K, we 
will use modern genetic technologies 
to systematically screen the patients’ 
genomes to search for de novo or rare 
pathogenic mutations that influence 
risk of cryptogenic infantile spasms. 
The discovery of new causes for cryp-
togenic infantile spasms will allow us 
to develop a better understanding of 
how these genes function in brain de-
velopment and lead to more accurate 
patient grouping for interdisciplinary 
clinical intervention. Through this 
research, we hope to develop novel 
therapeutics that will lead to the best 
possible seizure control and develop-
mental outcomes for patients.
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Step #1 Contact one of our research coordinators by calling (415) 502-8039 or visiting http://
brain.ucsf.edu/contact-us. 

Step #2 Our research team will determine eligibility through the following ways:
Taking a look at your/your child’s most recent MRI or CT scan of the brain. You can either •	
mail a copy to us or complete a release of records form, and we’ll request it directly from 
the medical institution where it was performed.
Asking you to complete an intake survey or initial screening questionnaire. •	

Step #3 If eligible, you will receive more information about how to enroll and complete all of the 
required research acitivites.

Step #4 Keep in touch! Let us know how you or your family is doing from time to time. We’ll also 
keep	you	posted	on	our	findings.	

Participate in our Research
If you or someone you know have been diagnosed with autism, epilepsy, or a disorder of 
brain development, please follow these steps to learn about how to become involved and 
participate in our research. 


