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How Information 
Hidden Deep Within 
Our Genetic Code 
Can Help Create 
Healthy Families 

When Hindy and Seth Galena returned 
home from Cincinnati Children’s 
Hospital three years ago, they were 

lost, lifeless and childless. Their daughter, 
Ayelet, who suffered from a rare genetic 
disease affecting the immune system, known as 
dyskeratosis congenita, had passed away from 
complications after receiving a bone marrow 
transplant. For six months, Hindy and Seth 
watched their adorable little girl, who loved 
stickers and straws and had a smile that could 
light up any room of doctors, battle for her life 
in an intensive care unit 650 miles from their 
Upper East Side home. She was only two years 
old.  

Sadly, the Galenas are not alone in their quest 
to have a healthy child. Nearly 30 million people 
in the United States, approximately half of them 
children, suffer from rare diseases and most 

cases are due to an unknown genetic abnormality. 
Additionally, another one in six couples face the 
harrowing challenge of infertility.  “There were 
endless tears,” described Seth at a Bonei Olam 
event in Los Angeles. “We, just kids ourselves, 
became mourners. We had no hope and no 
answers.”

Then they came to Bonei Olam. Founded 
in 1999, the nonprofit organization, under 
the direction of its Rabbinical board, 
guides childless couples to the best medicine 
has to offer and provides extensive financial 
assistance allowing them to achieve their 
dream of parenthood.  The burdensome costs 
of fertility treatments amounts to millions of 
dollars yearly paid by Bonei Olam.  To date, 
Bonei Olam has had the privilege to take 
part in the birth of approximately 6,000 babies. 
Eight years ago, the organization formed a 

*The names in this story have been changed to protect the couples’ anonymity. 
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sister program, GeneArations, its mission 
being to assist families facing the genetic 
challenge of undiagnosed disease. Unlike most 
undiagnosed disease programs around the 
world who may take years to end the odyssey 
of one family, GeneArations has with great 
Syata Dishmaya helped hundreds of these 
families have healthy children in its relatively 
short existence.

“Having spent hundreds of hours in doctors’ 
waiting rooms, surrounded by people of all 
races and religions, I can tell you there is one 
thing that is universal across all people: a baby 
is a prize, a marvel and a joy to every human 
being,” says Rabbi Shlomo Bochner, executive 
director of Bonei Olam, who founded the 
organization along with his wife, Chanie. “Our 
mission is to remove any barrier to bringing 
the dream of parenthood to childless couples.” 

Bonei Olam receives numerous phone 
calls daily from couples seeking help. 
Each couple is assigned a counselor who 
assesses their situation, proceeds to guide 

them to the physician best suited for 
their particular issue, walks them through 
the complexities, accompanies them to 
procedures when necessary and, above 
all, provides the finances to bring 
the fulfillment of their lifetime dream. At the 
outset Bonei Olam focused solely on helping 
couples struggling with infertility, over time 
it has evolved into a multifaceted organization 
providing services for high-risk pregnancies, 
pre and post cancer fertility as well as adoption 
assistance. 

“They are what to expect when you are 
trying to get to expecting,” Seth wrote in 
the couple’s blog, Ayelet Nation. “At every step, 
they would tell us which doctor to call, what lab 
to use, what questions to ask and explain what 
it all meant.”

“They say it takes a village to raise a child,” 
adds Shimon Edvardson, MD, an attending 
physician in the neuropediatric unit at 
Hadassah Medical Center in Israel. “That is 
exactly what Bonei Olam is doing.” 

 Joshua Klein, MD

“Bonei Olam has a sensitivity that allows them to 
be different things for different people the way they 
need it,” says Joshua Klein, MD, a reproductive 
endocrinology and infertility specialist in 

Brooklyn. “They provide a sympathetic ear, 
handholding, non-judgmental advice and financial 
support. Most impressively, they are not only 
observers of advances in medicine, but they are 
active in moving the field forward with genetic 
research.” 

“They say it takes a village to raise a child,” adds 
Shimon Edvardson, MD, an attending physician 
in the neuropediatric unit at Hadassah Medical 
Center in Israel. “That is exactly what Bonei Olam 
is doing.” 

Eli Rybak, MD

“Twenty years ago, infertility 
was seen as a moral failure,” says 
Eli Rybak, MD, a reproductive 
endocrinology and infertility 
specialist at Reproductive 
Medicine Associates in 
New Jersey. “Bonei Olam has 
been instrumental in raising 
awareness that infertility is a 
medical condition—and it is 
not something that warrants 
embarrassment or insecurity. It 
can be addressed and deserves 
the support of the Jewish 
community.”
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building eternity.



LIVING WITH 
RARE UNKNOWN 
DISORDERS 

Like infertility, the concept of GeneArations, which 
helps couples with genetic disorders, grew out of a desire 
to help the community. Eight years ago, Rabbi Bochner 

was at an event when a young couple approached and 
beseeched him for help. Their three-year-old had a severe 
developmental delay and they suspected he had a genetic 
disorder. 

“They told me seeing him suffer was like a ‘dagger to their 
hearts’,” says Rabbi Bochner. “But we were an infertility 
organization. What did I know about genetics? It quickly 
became clear to me that there were other young couples in 
need, and infertility was only a piece of the puzzle.” 

Many of the rare diseases that affect families remain a 
mystery to medical science. For years, Estee and Yisrael* 
battled infertility and suffered recurrent losses due to an 
unexplained genetic problem. Rivky and Moshe’s* first child 
lost his fight with a disease of unknown genetic origin called 
Aicardi-Goutieres Syndrome (AGS), which causes severe 
physical and mental disability. Two of Bracha and Shmuel’s* 
triplets were affected by an unexplained brain disease that 
caused them to progressively stop eating, talking and walking 
around their second birthday.  

“The pain of not having answers is unbearable and constantly 
in your heart 24 hours a day,” Yisrael explains. “It gets talked 
about every time we go into the community and see kids, 
neighbors or family.” 

“There is nothing worse for a parent than to watch their 
child suffer,” says Bracha, who quickly transformed from a 

first-time mother into an advocate at physician’s offices, a 
secretary for insurance claims and coordinator of in-home 
nurses and therapists. “A lot of kids with genetic diseases are 
cognitively fine, but physically disabled. They are trapped 
in their own bodies. I see videos of my daughter before she 
got sick—she is smiling and happily eating a peanut butter 
sandwich. Now, she is in a wheelchair.” 

Everyone is a carrier for at least one genetic disorder; and 
nearly half of all Ashkenazi Jews in the United States are a 
carrier for at least one known Ashkenazi genetic disorder. 
When only one parent is a carrier their children are not at 
risk. However, when both are carriers of mutations in the 
same gene, they have a 25 percent chance of having a child 
affected by that disease. As a result, for decades, members 
of the Ashkenazi Jewish community have undergone 
premarital genetic screening for disorders that are prevalent 
in their population, such as Tay-Sachs disease and Cystic 
Fibrosis. 

Yisrael and Estee knew their dream of having a healthy 
child would be lost until they could identify the faulty gene—
known as a mutation or variant—that affected them. “Our 
specialist told us finding our gene would be like looking for 
a needle in a haystack,” Yisrael recalls. “We wondered where 
else we could turn.”  

Their answer was Chaim Jalas. As director of genetic 
resources at GeneArations, and co-director of patient 
services at Bonei Olam, he has helped identify and 
characterize dozens of rare genetic diseases that have 

Collaborating Medical Centers
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prevented families from having healthy children. Most of the 
genes he has discovered cause debilitating neurological disease 
in babies. Together, with his colleagues, Chaim Halberstam and 
Chaim Landau, the co-directors of patient services at Bonei 
Olam and GeneArations, they collaborate regularly with leading 
scientists, physicians and genetic laboratories all over the world 
to help families find answers. 

“When they found our gene, you would have thought it was for 
their own family,” Yisrael recalls. “They were so excited and 
devoted to us. It was unbelievable.” 

Orly Elpeleg, MD, head of the department of genetic and 
metabolic diseases at Hadassah Medical Center in Israel 
says: “It is extraordinary to see this depth of knowledge and 
understanding in an organization.” Together, she and Chaim 
Jalas have published nine papers in prestigious peer-reviewed 
medical journals identifying new genes. Recently, they discovered 
a mutation in the VPS11 gene that causes hypomyelination (a 
defect in a protective liquid called myelin found in the spinal cord 
and brain) and severe developmental delays in Ashkenazi Jews, 
which appeared in the Journal of Medical Genetics. 

“Bonei Olam channels all of its energy and talent for the good of 
people. They take one family after another, and they get things 
done,” adds Prof. Elpeleg.  

Bonei Olam’s rolodex of respected researchers and clinicians 
around the world is part of what makes the organization so 
unique—and successful. Six years ago, Chaim Jalas contacted Dr. 
Edvardson, who had a reputation as a renowned neurologist, and 
asked if he would be willing to come to New York on a research 
trip to meet and document some children with rare neurologic 
disorders.

“I was hesitant to go at first. I did not know the organization,” 
Dr. Edvardson describes. “I was immediately mesmerized by the 
work they were doing and we have had a cooperation ever since.” 

Dr. Klein shares a similar tale. The Harvard Medical School 
graduate was a resident in training when he first came to Bonei 
Olam’s humble headquarters, their  office in Boro Park, Brooklyn.  

“I was thinking it would be some very simple operation run by 
people who were not formally trained. From the moment I walked 
in, I was blown away,” he recalls. 

“I dare to say that Bonei Olam is more up-to-date in terms 
of the current research and treatments available than most 
of the fully-trained fertility doctors out there. It was such an 
unbelievably impressive experience… almost to the point of being 
intimidating.”

Shimon Edvardson, MD

“I was hesitant to go at first. I did not know the 
organization,” Dr. Edvardson describes. “I was 
immediately mesmerized by the work they were 
doing and we have had a cooperation ever since.” 

Dr. Klein shares a similar tale. The Harvard Medical 
School graduate was a resident in training when he 
first came to Bonei Olam’s humble headquarters, a 
basement-level office in a Hasidic neighborhood in 
Brooklyn.  

“I was thinking it would be some very simple 
operation run by people who were not formally 
trained. From the moment I walked in, I was blown 
away,” he recalls. 

“I dare to say that Bonei Olam is more up-to-date 
in terms of the current research and treatments 
available than most of the fully-trained fertility 
doctors out there. It was such an unbelievably 
impressive experience… almost to the point of being 
intimidating.”

John Pappas, MD

That service, says John Pappas, MD, assistant 
professor of pediatrics at New York University, who 
also collaborated on SLC1A4, is as extraordinary as 
the genetic coding they so often manage to unravel. 
“It is almost impossible to get insurance carriers to 
cover expensive genetic tests,” he says. “Bonei Olam 
has stepped in for numerous families. They do an 
excellent job picking what tests and laboratories 
to use. Every time they have funded a case we have 
always found something significant.”  
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Nearly a year after Rivky and Moshe 
came to Bonei Olam, their gene, 
SAMHD1 was also discovered. 

When the gene mutates, it is thought 
to disrupt a protein that is critical for 
regulating the immune system and 
inflammatory response in the brain and 
skin. Rivky says words cannot describe 
how grateful she is for the dedication and 
the financial support of Bonei Olam. 

“We spent so much money on our 
first child, flying all over the world for 
physicians and therapies. Insurance 
covered nothing,” says Rivky who 
supported her son on two teacher’s 
salaries. “They are not like a doctor who 
gives you the cold, hard facts. You can call 
them anytime and they explain things 

15 times until you understand it. They 
give you their time, they give you their 
money—they give you everything.” 

The road to identifying genes like Rivky 
and Moshe’s that because rare disorders 
began more than two decades ago when 
a group of scientists decided to take the 
idea of genetic testing a step further. In 
1990, they launched the Human Genome 
Project—an effort to identify and map all 
of the genes that compose human DNA. 

Every person has some 22,000 genes that 
make them who they are. Inherited from 
their parents, genes are made up of DNA, 
which are assembled into millions of 
letters that contain a set of instructions, 
making every living creature unique. 

DISCOVERING THE GENES
THAT CAUSE DISEASE 

Chaim Jalas

“Our DNA is like a cookbook 
that contains many recipes. 
If one ingredient is missing, 
then the cake will not taste 
good,” explains Chaim 
Jalas. “The idea behind 
gene sequencing was that 
instead of searching for 
known mutations—as is 
done in genetic testing—
scientists would be able to 
search the genes of families 
with unknown disorders 
and try to uncover any 
patterns that may explain 
their symptoms.” 
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These DNA pairs are then organized into 
long structures called chromosomes. 
From eye color and personality traits to 
an individual’s susceptibility to develop 
certain diseases, genes contain a set of 
blueprints that tell the body how to grow 
and work. 

But sometimes these genes are mutated 
causing a permanent alteration in a 
person’s genetic code that is different 
from what is found in most healthy 
people. Mutated genes can be missing 
entirely, cause extra copies to appear or 
simply not function properly. They also 
range in size. Some are obvious, such 
as those found in Down’s syndrome—
which cause an entire extra copy of a 
chromosome to appear—while others 
can be as small as a missing single pair of 
DNA letters. Other mutations can affect 
multiple genes at once. 

Such was the case for Dovid and Aviva. 
*A few months after their daughter was 
born, it was obvious something was 
wrong. She had severely low muscle 
tone, was uncommunicative and, not 
long after her first birthday, she began 
experiencing seizures. 

“We were young, naive parents and 
completely on our own,” explained 
Aviva. “The doctors dismissed us. They 
said they did everything they could and 
we should try our best with therapies.” 

Almost a year later, the couple was 
expecting a second child and they 
reached out to Bonei Olam for a high-
risk obstetrician. Within an hour, 
they received a call back from Chaim 
Jalas. He suspected there was a genetic 
abnormality within the family; and if the 
gene could be identified, he could help 
them have a healthy baby. 

In 1998, sequencing an entire human 
genome cost roughly three billion 
dollars. Today, that price tag has dropped 
to roughly $5,000 for a clinical genome. 
What’s more, searching for these 
mutations has become simpler and less 
expensive utilizing new technology 
known as exome sequencing. Instead of 
sequencing a person’s entire genome, 
this technique maps only the two percent 
of the genome thought to be the root of 
most mutations. 

“The field has developed rapidly over 
the past five years,” says Bryn Webb, 

MD, assistant professor of genetics 
and genomic sciences and pediatrics 
at the Mount Sinai Health System. 
“Many patients with rare diseases that 
could not have been diagnosed before—
because they did not fit the exact clinical 
symptoms of a described disease—
are being diagnosed now with exome 
sequencing.”  

In 2013, Chaim Jalas and Dr. Webb 
published a paper in Clinical Genetics 
proving a mutation on gene COL4A3 
causes Alports syndrome, a rare disease 
characterized by kidney failure and 
hearing loss that is carried by 1 in 183 
Ashkenazi Jewish individuals. Without 
exome technology, Dr. Webb says 
families with this variant would still be 
looking for answers. 

The day after Aviva and Dovid spoke 
with Bonei Olam, blood samples were 
sent to a genetics laboratory for exome 
sequencing. The scientists extracted 
the DNA from their blood and placed it 
onto a machine that provided a digital 
readout of each of the exons of 22,000 
genes. First, the genes were filtered for 
anything that appeared too commonly in 
the population (this typically weeds out 
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Nearly a year after Ayelet passed away, the 
National Institutes of Health identified 
the gene mutation, RTEL1, which 

caused her rare disease. Seth and Hindy 
were thrilled. But now what? After 
spending two years fighting for their 
daughter’s life, they wondered how 
they would find the energy to navigate 
the exhausting and confusing process 

of having a healthy child. With 
the heartfelt guidance and 
financial assistance of Bonei 
Olam, Seth and Hindy began 
their journey.  
“Right before our eyes, Chaim 
Jalas built a practical path 
towards a future of having 
another child. The guidance was 
priceless. We felt empowered, 
like we had an inside 
connection to research labs 
and clinics. ‘Chaim Jalas told 
me about you...’ was how most 
new appointments started. His 
advice was priceless,” describes 
Seth. “Infertility genetics are 
such a foreign language to so 
many of us and somehow Bonei 
Olam speaks it fluently.” 
Through a reproductive 
technique called PGD, which 
the couple would avoid passing 
on the disease to future 

children. Each test is individually designed 
for the couple. Not only does it test for the 
genetic mutation, but it also identifies any 
genetic markers that may be linked to the 
mutation. 
After one year of partnering with Bonei Olam, 
a miracle arrived—a healthy son named Akiva 
Max. But Chaim Jalas did not stop there. 
He recently published an academic paper 
on Ayelet’s mutation of the RTEL1 gene in 
the Journal of Clinical Genetics. Since then, 
various laboratories have added the mutation 
to their genetic screening panels. Says Seth 
in his blog: “In other words, Ayelet’s DNA, 
her life, with Chaim Jalas’s research, will 
potentially save countless lives in the future.”  

 “Bonei Olam takes a fabulous leadership role 
in helping these individuals,” says 
Sherri Bale, PhD, medical geneticist and 
managing director of GeneDx, who works 
with the organization to sequence gene 
samples. “I only wish there were more 
organizations like them around.”

Every day, Dr. Klein sees couples undergoing 
fertility treatments that decide to stop 
prematurely. Oftentimes, he says, these cases 
would have been successful if they had tried a 
third or fourth cycle of treatments.
 
“Infertility is not a linear path—you often 
climb and fall, climb and fall. A lot of couples 

THE PATH TO A
   HEALTHY CHILD 

Richard Scott, MD

“Bonei Olam takes support a 
step further,” says Richard 
Scott, MD, director of 
reproductive endocrinology 
at Reproductive Medicine 
Associates in New Jersey. 
“They understand the genetics 
of what is wrong, the basis of 
how we diagnose, the technical 
limitations, and the precision 
needed to obtain outcomes. 
Their ability to be facile with 
the technology makes them a 
more potent advocate than we 
see in other arenas.”
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run out of emotional energy, time or money,” Dr. 
Klein says, “But when Bonei Olam is involved, 
they are able to provide couples with the support 
they need to persist. They offer a perspective the 
patient can relate to.”    

“I see a tremendous difference in the couples 
who have been counseled by Bonei Olam, and 
those who have not,” adds Dr. Rybak. “They 
come in focused, with a game plan. One of the 
first things I do is ask couples if I can include 
their Bonei Olam counselor on our medical 
correspondence.” 

From the moment Bracha and Shmuel stepped 
into the Bonei Olam office, they felt understood. 
During their 12-year search for the gene that 
plagued their family, they met or exchanged 
emails with at least 50 physicians around the 
world. 

“We are not the only ones in awe of Bonei Olam,” 
Bracha says. “It is every professional we have 
ever met. Whenever a family calls me for advice, 
I say you should be grateful you only have to see 
one person—I had to see 50.” 

After Prof. Elpeleg and Chaim Jalas identified 
Bracha and Shmuel’s gene mutation, C20ORF7, 
the couple started trying to have a healthy 
family with PGD. For years, they struggled and 
suffered through multiple losses. Bonei Olam’s 
advisors would call them after every doctor’s 
appointment, was always there to comfort them. 
They were also there to share in their joy when 
they finally gave birth to two healthy baby girls. 

about 95 percent of the variants). Then, the remaining genes 
were combed through for individual variants that looked out of 
place. 

“It’s like detective work,” explains Chaim Jalas, who says 
families that come to Bonei Olam have a 70 percent chance of 
having their gene identified. “Part of our success is simply not 
giving up. Recently, we found a gene for a family that we first 
met seven years ago. That is the beauty of working for Bonei 
Olam. We are not on a government project where we have a 
deadline. We do not have to compete for funding. No matter 
what it takes, or how much money it costs, we are simply 
here to solve the mystery.” 

And they did. Within a week, Chaim Jalas discovered the 
little girl suffered from a mutation on the SLC1A4 gene, 
which is associated with microcephaly (small head size) and 
developmental delays. Defects in the SLC1A4 gene are thought 
to cause neurologic disease by affecting amino acids—the 
building blocks of proteins—from entering the brain cells. 
Humans need these essential proteins to survive. 

“I have never met anyone quite like Chaim Jalas—he is 
completely self-made in terms of his expertise in genetics,” 
says Wendy Chung, MD, PhD, director of the clinical genetics 
program at Columbia University, who worked with Bonei 
Olam to locate the gene. “He has spent countless Sundays and 
evenings talking to families and helping them understand very 
complex issues.” 

Once a gene mutation like Aviva and Dovid’s is located, 
researchers also need to prove that variant actually causes 
disease. Each gene affects a pathway in the body that gives rise to 
certain functions. By examining the cells of an affected patient, 
often taken from the skin, scientists can see if the proteins are 
being disrupted in the way that the gene suggests. The best way 
to add further confirmation, Dr. Elpeleg says, is to find a similar 
patient with that variant who has the same disease. 

“When we manage to find a faulty gene, not only do we provide 
the family with the ability to avoid birthing future children 
with that disease, but we also make a significant contribution 
to science by assigning a job for that gene,” says Prof. Elpeleg.

Today, Aviva and Dovid have an option to have a healthy 
family—and Bonei Olam paid for all of it. “We do not even know 
how much the tests cost,” says Aviva. 

That service, says John Pappas, MD, assistant professor 
of pediatrics at NYU Langone Medical Center, who also 
collaborated on SLC1A4, is as extraordinary as the genetic 
coding they so often manage to unravel. “It is almost impossible 
to get insurance carriers to cover expensive genetic tests,” he 
says. “Bonei Olam has stepped in for numerous families. They 
do an excellent job picking what tests and laboratories to use. 
Every time they have funded a case we have always found 
something significant.”  
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Over the years, the stack of unexplained cases 
on the conference table at Bonei Olam has 
piled higher and higher. Each gene mutation 

they can identify has changed many lives, but it is 
the cases the counselors have yet to solve that keep 
them up at night. Despite their many successes, 
the team needed to do more—they wanted to find 
answers faster, and on a larger scale. 

“The pain these families have from not knowing 
what disease is affecting them is unbearable,” says 
Chaim Halberstam. “We need to help them move 
on and have healthy children and grandchildren.” 

For eight years, Chaya and Eliezer* have been 
working with Bonei Olam to identify several 
genes that have caused devastating disease and 
developmental delays in their three children. A 
few years ago, a researcher from a prestigious 
university called to tell them his laboratory may 
have located their gene. But their hope was short-
lived and the gene was incorrect. Despite Bonei 
Olam’s tireless efforts, they too have yet to find a 
solution for the family.   

“There have been a lot of ups and downs. Our 
situation would seem to be hopeless. Any 
academic institution would have given up on us 
by now, but Bonei Olam continues to search,” 
says Eliezer who is hopeful they will find an 
answer someday. “There are no honors given out 
for anonymous research like this, and yet they 
continue to work nonstop and travel all over the 
world to help families like us. Bonei Olam is in our 
corner and not being alone gives us hope. They do 
not give up. So we do not give up.”  

Oftentimes, the Bonei Olam team would find 
a variant in a gene and have an inkling it was 
suspicious, but they did not know how often 
it appeared in the general healthy population. 
For all they knew, many Ashkenazi Jews could 
carry what appeared to be an odd variant. The 
counselors knew the answer to finding the 
exception could be found by looking at the rule: 
healthy Jewish individuals.  

LAUNCHING 
THE JEWISH 
GENOME 
PROJECT 

Collaborating Medical Centers
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“Of the 22,000 genes that have been identified, scientists still 
do not know what about 75 percent of them do,” explains Dr. 
Edvardson. “There are hundreds of thousands of normal gene 
variants—some people have blue eyes, others have brown. 
These normal variants need to be known before we can point 
to a true mutation.” 

In 2015, Bonei Olam received approval from an Institutional 
Review Board (IRB)—an independent 
ethics committee that monitors biomedical 
research—to launch the Jewish Genome 
Project. The goal of the research study is to 
build a database of genetic information for 
at least 1,000 healthy people of Ashkenazi 
Jewish descent. By having this repository, 
scientists can learn more about the genetic 
differences that may predict whether 
a person is at risk for disease. Other 
databases of this kind have helped inform 
other ethnicities about genetic defects 
that are prevalent within their heritage. 

The genetic information, which will be 
analyzed in partnership with the Broad 
Institute of Massachusetts Institute of 
Technology (MIT) and Harvard University. 
The data will be anonymized and shared 
publicly on a gene sharing website known 
as the Exome Aggregation Consortium 
(ExAC). This will allow a physician across 
the world with an Ashkenazi Jewish child 
suffering from unexplained symptoms 
to consult the database and compare the 
patient’s genetic profile with a healthy 
control group. Eventually, Bonei Olam 
plans to conduct similar studies of other 
Jewish ethnicities.

Dr. Pappas says the project will also help 
explain how common genetic conditions are in the population. 
“If we know that 5 in 1,000 people have this particular mutation, 
it helps inform where to allocate your resources to help the 
community. This is extremely helpful not only for people of 
Ashkenazi Jewish origin, but also for the general population” 
he says. 

The Jewish Genome Project will also help connect families 
who are dealing with the same afflictions. Part of the beauty 
of Bonei Olam’s work is that once a new gene is identified, 
they may also be able to identify other unsolved cases where 
children suffer from a similar set of symptoms. 

For ten years, Rochel and Mordechai* traveled the world 
searching for a genetic answer to the medical riddle that 

caused neurologic disease, autism and 
seizures in their three children, and took 
the life of their eldest child. When they 
finally came to Bonei Olam, Chaim Jalas 
not only located the gene, SLC35A3, 
but also linked the mutation with two 
other unsolved cases. The findings, 
published in the Journal of Medical 
Genetics, demonstrated that a mutation 
on the SLC35A3 gene was associated with 
autism spectrum disorder, epilepsy and 
arthrogryposis ( joint malformation). 

“It is often a relief for families to know that 
they are not alone,” says Dr. Edvardson. 
“They can ask other families about the 
natural history of the disease and what 
complications they are looking at.”

Thanks to Bonei Olam’s dedication, Rochel 
and Mordechai’s two living children, who 
are now teenagers, can be tested for the 
mutation before they get married. The 
organization offers genetic counseling 
to help educate families about how a 
gene may affect their extended family 
and is always available to the family’s 
Rav to communicate and explain the 
circumstances. In many cases it may be 
critical to test those family members to 
verify if they carry the mutation thereby 

avoiding more affected children Chas V’sholom.

“I often speak with couples about the importance of sharing this 
knowledge with their family members,” says Andria G. Besser, 
BEd, MS, CGC, head of genetic counseling at Bonei Olam. 
“Since it can be difficult for families, when given permission, 
we will call on their behalf and explain all of the information.” 

“We have a lot of reference 
data that is of European 
ancestry but not Jewish 
ancestry,” explains Dr. 
Chung. “There are genetic 
differences that are unique 
to the Ashkenazi community, 
but are not mutations per se. 
We need good reference data 
to understand which variants 
are unique differences and 
which are mutations. This will 
allow us to diagnose families 
more efficiently.”  

“An Ashkenazi Jewish 
control population is the 
best way to quickly identify 
more diseases,” agrees 
Dr. Bale.  “When we find a 
mutation, we can look at 
our control group of 1,000 
individuals. If the variant has 
never been seen, we know it is 
more likely to be the real thing. 
Right now, we simply do not 
know what is normal.”
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Bonei Olam is recruiting healthy Ashkenazi Jewish adults to 
participate in the Jewish Genome Project. Each volunteer must 

provide consent, fill out a brief questionnaire regarding personal 
and family medical history and provide a DNA sample by having 
their blood drawn. Since the goal of the research study is to learn 
information about normal variants that will help patients in the 
future, participants will not receive medical care or benefits. In 
addition, volunteers will not receive any information about what 
genetic diseases they may carry. 

“I would not wish what I went through upon anyone,” says Aviva, who 
hopes her community will enroll in the study. “This is the easiest way 
to help people and ensure another family never has to go through 
these challenges.” 

In a few cases, genetic information has 
also been used to help treat children 
already affected by devastating 
neurologic diseases. However, Bonei 
Olam advisor Chaim Landau cautions 
families that this takes time. For 
example, the gene for cystic fibrosis 
was identified in 1989, but it took 
26 years for a gene-based drug to 

be approved by the Food and Drug 
Administration. 

Dr. Edvardson believes this idea, known as gene 
therapy, which involves replacing a faulty gene with a corrected one 
that is designed in the laboratory, will be a realistic option in the 
future. But it will only be possible if the mutation has been identified. 

For example, many mutations prevent the neurotransmitters—
chemicals in the brain that tell the heart to beat and lungs to breathe—
from communicating properly. If scientists understand what the 
mutation is affecting, there may be a therapeutic way to stimulate, or 
someday even replace, that function. 

“Gene therapy, which is still yet to come, is our last ray of hope for 
these children,” he says. “Right now, for many, all we do is offer 
symptomatic relief.”  

HOW YOU CAN 
HELP GENETIC 
RESEARCH
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C R E A T I N G  M I R A C L E S :

ONE FAMILY
AT A TIME 
More than 6,000 families have built a better 

world with the support of Bonei Olam. When 
Rivky and Moshe watch their healthy son—who 

recently started grabbing toys and babbling—they 
feel like first-time parents again. “We marvel at his 
antics,” she describes. “I love to make him laugh and 
hear his giggle. Every day he does something new.” 
Aviva and Dovid applaud their energetic son every 
time he destroys their clean apartment. Hindy and 
Seth say it is a relief to be a normal family when they 
bring their son—who is now walking and talking—to 
the doctor for a well visit.

Someday, Hindy and Seth will tell him about the 
amazing little girl who carved a path for him—and the 
organization that made it all possible. “They are able 
to uncover the trauma, the hidden pain of being alone 
and helpless, and search for a path forward,” he says. 
“Only leaders like Rabbi Bochner and Chaim Jalas are 
able to look you squarely in the eye with such love and 
say, ‘This trauma is our trauma. This miracle is our 
miracle. We are going to create together.’”

Summer 2016    || 1 3
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Short Report

A founder mutation in the TCIRG1 gene causes
osteopetrosis in the Ashkenazi Jewish
population

Anderson SL, Jalas C, Fedick A, Reid KF, Carpenter TO, Chirnomas D,
Treff NR, Ekstein J, Rubin BY. A founder mutation in the TCIRG1 gene
causes osteopetrosis in the Ashkenazi Jewish population.
Clin Genet 2014. © John Wiley & Sons A/S. Published by John Wiley &
Sons Ltd, 2014

Osteopetrosis is a rare and heterogeneous genetic disorder characterized by
dense bone mass that is a consequence of defective osteoclast function and/or
development. Autosomal recessive osteopetrosis (ARO) is the most severe
form and is often fatal within the first years of life; early hematopoietic stem
cell transplant (HSCT) remains the only curative treatment for ARO. The
majority of the ARO-causing mutations are located in the TCIRG1 gene. We
report here the identification and characterization of an A to T transversion in
the fourth base of the intron 2 donor splice site (c.117+4A→T) in TCIRG1, a
mutation not previously seen in the Ashkenazi Jewish (AJ) population.
Analysis of a random sample of individuals of AJ descent revealed a carrier
frequency of approximately 1 in 350. Genotyping of five loci adjacent to the
c.117+4A→T-containing TCIRG1 allele revealed that the presence of this
mutation in the AJ population is due to a single founder. The identification of
this mutation will enable population carrier testing and will facilitate the
identification and treatment of individuals homozygous for this mutation.
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Osteopetrosis is a genetic disorder characterized by
dense bone mass that is a consequence of defec-
tive osteoclast function and/or development (1).
Approximately 70% of patients present with normal

or even elevated levels of osteoclasts and are said to
have an ‘osteoclast-rich’ form of osteopetrosis; in the
remaining 30%, there is a clear defect in the production
and differentiation of these cells and these individuals
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Short Report

A founder mutation in COL4A3 causes
autosomal recessive Alport syndrome in the
Ashkenazi Jewish population

Webb BD, Brandt T, Liu L, Jalas C, Liao J, Fedick A, Linderman MD,
Diaz GA, Kornreich R, Trachtman H, Mehta L, Edelmann L. A founder
mutation in COL4A3 causes autosomal recessive Alport syndrome in the
Ashkenazi Jewish population.
Clin Genet 2013. © John Wiley & Sons A/S. Published by John Wiley &
Sons Ltd, 2013

Alport syndrome is an inherited progressive nephropathy arising from
mutations in the type IV collagen genes, COL4A3 , COL4A4 , and
COL4A5 . Symptoms also include sensorineural hearing loss and ocular
lesions. We determined the molecular basis of Alport syndrome in a
non-consanguineous Ashkenazi Jewish family with multiple affected
females using linkage analysis and next generation sequencing. We
identified a homozygous COL4A3 mutation, c.40_63del, in affected
individuals with mutant alleles inherited from each parent on partially
conserved haplotypes. Large-scale population screening of 2017 unrelated
Ashkenazi Jewish samples revealed a carrier frequency of 1 in 183
indicating that COL4A3 c.40_63del is a founder mutation which may be a
common cause of Alport syndrome in this population. Additionally, we
determined that heterozygous mutation carriers in this family do not meet
criteria for a diagnosis of Thin Basement Membrane Nephropathy and
concluded that carriers of c.40_63del are not likely to develop benign
familial hematuria.
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Congenital amegakaryocytic thrombocytopenia (MIM #604498) (CAMT) is a rare inherited disease
presenting as severe thrombocytopenia in infancy. Untreated, many CAMT patients develop aplastic anemia
within the first decade of life; the only effective treatment of CAMT is bone marrow transplantation. CAMT is
the result of the presence of homozygous or compound heterozygous mutations in the thrombopoietin
receptor-encoding gene,MPL.We report here the identification and characterization of a founder mutation in
MPL in the Ashkenazi Jewish (AJ) population. This mutation, termed c.79+2TNA, is a T to A transversion in
the invariant second base of the intron 1 donor splice site. Analysis of a random sample of 2018 individuals
of AJ descent revealed a carrier frequency of approximately 1 in 75. Genotyping of six loci adjacent to the
MPL gene in the proband and in the 27 individuals identified as carriers of the c.79+2TNA mutation revealed
that the presence of this mutation in the AJ population is due to a single founder. The observed carrier
frequency predicts an incidence of CAMT in the AJ population of approximately 1 in 22,500 pregnancies. The
identification of this mutation will enable population carrier testing and will facilitate the identification and
treatment of individuals homozygous for this mutation.

© 2011 Elsevier Inc. All rights reserved.

Introduction

Congenital amegakaryocytic thrombocytopenia (MIM #604498)
(CAMT) is an autosomally inherited recessive bone marrow failure
disorder that usually presents as thrombocytopenia and megakar-
yocytopenia in infancy, often evolving into pancytopenia and the
development of aplastic anemia and leukemia [1–3]. Due to the
thrombocytopenia, many affected infants display cutaneous purpura
or experience serious hemorrhagic events shortly after birth [4–6].
Bone marrow evaluation of newborns with CAMT usually reveals the
absence of megakaryocytes, though accurate diagnosis may require
analysis of a series of bone marrow aspirations [7–9]. Hematopoietic
stem-cell transplantation (HSCT) is presently the only curative
treatment for CAMT [10–13]. CAMT is caused by mutations in the
gene encoding the thrombopoietin receptor, MPL, that compromise
the activity of this receptor [4,14–16]. Mutations in MPL have been
classified as being either type I or type II. The type I mutations cause

a complete loss of receptor activity and the type II mutations allow
for the maintenance of some receptor function. Patients bearing the
type I mutations exhibit bone marrow failure earlier than those with
the type II mutations [5,16,17]. Mortality associated with this disorder
is significant and attributable to various causes including bleeding,
leukemias and HSCT complications [1–3,5,8].

Thrombocytopenia is a relatively common clinical problem in neo-
nates and can result from a variety of etiologies [18–21]. Differenti-
ating between thosewith a genetic defect from thosewith an acquired
form of thrombocytopenia is critical to the care of the affected
individual. The identification of mutations in MPL that cause CAMT
enables clinicians to rapidly determine whether a newborn exhibiting
thrombocytopenia has CAMT.

As a result of historical founder effects, individuals of AJ descent
are subject to a variety of genetic disorders [22,23]. This increased
risk has resulted in the establishment of carrier screening programs
designed to reduce the incidence of these diseases. These screening
programs have benefited from the relatively homogeneous nature
of the AJ community and the often limited number of causative
mutations in this population [24–26]. A recent comprehensive carrier
frequency study on individuals of AJ descent has suggested an ex-
pansion of the number of disorders that should be routinely tested
for and has provided valuable carrier frequency information on 16
diseases prevalent in this population [27].
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ABSTRACT
Background Human congenital non-syndromic
hydrocephalus is a vastly heterogeneous condition. A
subgroup of cases are not secondary to a specific cause
(eg, a neural tube defect), and within this subgroup,
autosomal recessive inheritance has been described. One
homozygous mutation in the DAPLE (Dvl-associating protein
with a high frequency of leucine residues) protein-encoding
gene CCDC88C (coiled-coil domain containing 88C) has
recently been reported in a single family. The role of this
gene has not been validated in another family, and no other
autosomal recessive gene has been reported.
Methods We used homozygosity mapping and whole
exome sequencing in two families with primary, non-
syndromic congenital hydrocephalus from two different
ethnic backgrounds.
Results In each family, we identified a novel homozygous
mutation of CCDC88C. One mutation produced a premature
stop codon at position 312 of the protein, while the second
mutation induced a frameshift in the last exon, producing a
stop codon that truncated the extreme C-terminus of
DAPLE, including the 2026-2028 Gly-Cys-Val motif known to
bind the post synaptic density protein (PSD95), Drosophila
disc large tumor suppressor (Dlg1), and zonula occludens-1
protein (zo-1) (PDZ) domain of Dishevelled.
Conclusions Our data validate CCDC88C as causing
autosomal recessive, primary non-syndromic congenital
hydrocephalus, suggesting this gene may be an important
cause of congenital hydrocephalus, and underscore the
important role of the C-terminal PDZ domain-binding motif
in the DAPLE protein.

INTRODUCTION
Congenital hydrocephalus is a common and poten-
tially devastating condition whose molecular
mechanisms are still poorly understood, affecting 0.6
per 1000 live births in Western countries.1

Hydrocephalus is defined as a disturbance of cerebro-
spinal fluid circulation causing accumulation of
ventricular cerebrospinal fluid, which results in pro-
gressive ventricular dilatation. A dilated third ven-
tricle associated with a normal fourth ventricle is
usually associated with an obstruction of the aque-
duct of Sylvius, and hence referred to as non-
communicating hydrocephalus.2 The causes of
congenital hydrocephalus are vastly heterogeneous.
The majority of cases are secondary to neural
tube defects, intracranial haemorrhages, trauma,
tumours, teratogens or primitive brain malforma-
tions. The remaining cases of congenital

hydrocephalus can be divided into syndromic
(two-thirds of cases) and non-syndromic (a third).
Syndromic causes of congenital hydrocephalus
include cytogenetic anomalies and many rare syn-
dromes such as the L1-syndrome, skeletal dysplasias,
metabolic disorders, dystroglycanopathies, Meckel
syndrome, as well as a large subset of unknown
causes. Non-syndromic congenital hydrocephalus is
familial in only a minority of cases, 11% in one clin-
ical series, and the recurrence risk for sporadic cases
is small, 2%–4%.3 An X-linked form is associated
with mutations in L1CAM.4 After excluding those
cases, the male to female ratio remains >2,3 suggest-
ing a higher sensibility in the male or additional
X-linked loci. It has been estimated that approxi-
mately 40% of hydrocephali with aqueductal sten-
osis result from a Mendelian cause.5 There are
furthermore many reports of idiopathic hydroceph-
alus in siblings of both sexes and/or in consanguin-
eous children from unaffected parents, strongly
suggesting autosomal recessive cause(s).3

Recently, a first autosomal recessive cause of non-
syndromic congenital hydrocephalus was described
by Ekici et al6 in a family where two female patients
had non-syndromic hydrocephali, associated with a
splice site mutation of the CCDC88C (coiled-coil
domain containing 88C) gene resulting in a premature
stop codon (p.S1591HfsX7). The patients had ven-
tricular dilatation with an interhemispheric cyst, a
small vermis and an enlarged posterior fossa. The
only living patient had no psychomotor delay at the
age of 3 years and 3 months. CCDC88C encodes
DAPLE (Dishevelled-associating protein with a high
frequency of leucine residues), a dishevelled-associated
protein that is a negative regulator of Wnt signalling.7

Here, we describe two previously unreported
multiplex families with novel mutations of the
CCDC88C gene, confirming its role in idiopathic
autosomal recessive congenital hydrocephalus.

PATIENTS AND METHODS
The study and all experiments were approved by
the Université Libre de Bruxelles Erasme Hospital
and the Hadassah medical centre ethical review
boards. Written informed consent was obtained
from participants or guardians.

Patients and families
Family I
A non-consanguineous Jewish Ashkenazi family
was referred for evaluation of familial congenital
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Carrier frequency of two BBS2 mutations
in the Ashkenazi population

Fedick A, Jalas C, Abeliovich D, Krakinovsky Y, Ekstein J, Ekstein A,
Treff NR. Carrier frequency of two BBS2 mutations in the Ashkenazi
population.
Clin Genet 2013. © John Wiley & Sons A/S. Published by John Wiley &
Sons Ltd, 2013

Bardet–Biedl syndrome (BBS) is known to be caused by numerous
mutations that occur in at least 15 of the BBS genes. As the disease
follows an autosomal recessive pattern of inheritance, carrier screening can
be performed for at-risk couples, but the number of potential mutation
sites to screen can be daunting. Ethnic studies can help to narrow this
range by highlighting mutations that are present at higher percentages in
certain populations. In this article, the carrier frequency for two mutations
that occur in the BBS2 gene, c.311A>C and c.1895G>C were studied in
individuals of Ashkenazi Jewish descent in order to advise on including
them in existing mutation panels for this population. Carrier screenings
were performed on individuals from the Ashkenazi Jewish population
using a combination of TaqMan genotyping assays followed by real-time
polymerase chain reaction (PCR) and allelic discrimination, and
allele-specific PCR confirmed by restriction analysis. The combined results
indicated carrier frequencies of 0.473% (±0.0071%) for the c.311A>C
mutation and 0.261% (±0.0064%) for the c.1895G>C mutation. On the
basis of these frequencies, we believe that the two mutations should be
considered for inclusion in screening panels for the Ashkenazi population.
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Bardet–Biedl syndrome (BBS) is an autosomal reces-
sive, ciliary dysfunction disorder that results from muta-
tions in the BBS genes. Non-allelic heterogeneity in
at least 15 different genes has been identified through
linkage and pedigree analyses as causative of pheno-
types (1, 2), the severity of which can be increased by
epistatic alleles (3). The BBS genes code for proteins
that localize to the basal body of the cilium and are
associated with ciliogenesis, intraflagellar transport, and
other forms of transport (4). Seven of these genes code
for proteins that form the BBSome and function in cil-
iary membrane biogenesis, and three interact to form

the BBS-chaperonin complex required for BBSome
assembly (5).

The high number of mutations responsible for caus-
ing BBS makes identifying carriers and performing
prenatal diagnoses complicated. In addition to hav-
ing to screen multiple genes for mutations to make a
genetic diagnosis, drawing conclusions based on the
presence of phenotypes is difficult due to the vari-
ety of clinical features with which patients present,
which can include: obesity, retinal degeneration, poly-
dactyly, kidney abnormalities and renal disease, cog-
nitive impairment, hypertension, and diabetes, among

1

ORIGINAL ARTICLE

Combined OXPHOS complex I and IV defect,
due to mutated complex I assembly factor C20ORF7
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Abstract Defects of the mitochondrial oxidative phosphor-
ylation (OXPHOS) system are frequent causes of neuro-
logical disorders in children. Linkage analysis and DNA
sequencing identified a new founder p.G250V substitution
in the C20ORF7 complex I chaperone in five Ashkenazi
Jewish patients from two families with a combined

OXPHOS complex I and IV defect presenting with Leigh's
syndrome in infancy. Complementation with the wild type
gene restored complex I, but only partially complex IV
activity. Although the pathogenic mechanism remains
elusive, a C20ORF7 defect should be considered not only
in isolated complex I deficiency, but also in combination
with decreased complex IV. Given the significant 1:290
carrier rate for the p.G250V mutation among Ashkenazi
Jews, this mutation should be screened in all Ashkenazi
patients with Leigh's syndrome prior to muscle biopsy.

Introduction

Disorders of the mitochondrial oxidative phosphorylation
system (OXPHOS) are common inborn errors of metabo-
lism, with an estimated prevalence of 1:5000 combined in
children and adults and 1:10,000 in the adult population
(Skladal et al. 2003; Schaefer et al. 2008). Mitochondrial
diseases are caused by a large number of mutations in
either the mitochondrial DNA (mtDNA) or in the nuclear
genome (DiMauro and Schon 1998). Among all
OXPHOS defects, deficiency of the respiratory chain
complex I (NADH CoQ oxidoreductase, EC 1.6.5.3) is
the most common and accounts for one-third of all patients
referred for OXPHOS evaluation (Kirby et al. 1999).
Complex I is the first complex of the mitochondrial
respiratory chain. It is composed of 45 structural subunits,
14 of which are evolutionally conserved core subunits.
Seven of the core subunits are encoded by the mitochon-
drial DNA (mtDNA) while 38 structural subunits and an
unknown number of "assembly factors" are all nuclear
encoded (Carroll et al. 2006).

Disease causing mutations have been identified in all
mtDNA encoded subunits as well as in a number of the
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Association BetweenMissenseMutations in the BBS2Gene
and Nonsyndromic Retinitis Pigmentosa
Elia Shevach, BSc; Manir Ali, PhD; Liliana Mizrahi-Meissonnier, MSc; Martin McKibbin, FRCOphth;
Mohammed El-Asrag, MSc; Christopher M.Watson, PhD; Chris F. Inglehearn, PhD; Tamar Ben-Yosef, PhD;
Anat Blumenfeld, PhD; Chaim Jalas, BSc; Eyal Banin, MD, PhD; Dror Sharon, PhD

B ardet-Biedl syndrome (BBS; OMIM 209900) is an auto-
somal recessive disease that is heterogeneous both
clinically and genetically and is characterized by a

wide and variable spectrum of clinical features that can be
categorized as primary features (including retinal degenera-
tion, polydactyly, renal and gonadal malformations, obesity,
and learningdisabilities)or secondary features (includingspeech
disorders, developmental delay, ataxia, diabetes mellitus,
dysmorphic features, andvariable cognitive impairment). The
clinical diagnosis of BBS is based on the presence of at least 4
primary featuresor a combinationof 3primary and2 (ormore)
secondary features.1Bardet-Biedl syndrome isconsidered tobe
one of the ciliopathies,2 a group of inherited diseases caused
bymutations in genes encoding ciliary proteins. Owing to an
overlapof clinical featureswithother ciliopathies, anaccurate
diagnosis of BBS is sometimes difficult.

The prevalence of BBS was estimated to be 1 in 77 000
persons in Denmark,3 1 in 50 000-65 000 persons in
Kuwait,4,5 and a relatively high prevalence of 1 in 3700 per-
sons in the Faroe Islands due to a common founder
mutation.6 Bardet-Biedl syndrome is a genetically heteroge-
neous disorder that can be caused by mutations in at least 15
genes. The inheritance pattern is autosomal recessive, but tri-
allelic inheritance was reported as a possible mechanism in
some families.7 The genes that are known to cause BBS when
mutated encode proteins that localize to the basal body of
the cilium and are associated with ciliogenesis and intrafla-
gellar transport. Most BBS proteins form the BBSome com-
plex, which is localized to nonmembranous centriolar satel-
lites in the cytoplasm, but also to the membrane of the
cilium, and is required for ciliogenesis and functions in cili-
ary membrane biogenesis.8

IMPORTANCE A large number of genes can cause inherited retinal degenerations when
mutated. It is important to identify the cause of disease for a better disease prognosis and a
possible gene-specific therapeutic intervention.

OBJECTIVE To identify the cause of disease in families with nonsyndromic retinitis
pigmentosa.

DESIGN, SETTING, AND PARTICIPANTS Patients and familymembers were recruited for the
study and underwent clinical evaluation and genetic analyses.

MAIN OUTCOMES ANDMEASURES Identification of sequence variants in genes using
next-generation sequencing.

RESULTS We performed exome sequencing for 4 families, which was followed by Sanger
sequencing of the identified mutations in 120 ethnicity-matched patients. In total, we
identified 4 BBS2missensemutations that cause nonsyndromic retinitis pigmentosa. Three
siblings of Moroccan Jewish ancestry were compound heterozygotes for p.A33D and
p.P134R, and 6 patients belonging to 4 families of Ashkenazi Jewish ancestry were
homozygous for either p.D104A or p.R632P, or compound heterozygous for these 2
mutations. Themutations cosegregated with retinitis pigmentosa in the studied families, and
the affected amino acid residues are evolutionarily conserved.

CONCLUSIONS AND RELEVANCE Our study shows that BBS2mutations can cause
nonsyndromic retinitis pigmentosa and highlights yet another candidate for this genetically
heterogeneous condition.
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Genome-Wide SNP Genotyping Identifies the
Stereocilin (STRC) Gene as a Major Contributor to
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Hearing loss is the most prevalent sensory perception deficit in

humans, affecting 1/500 newborns, can be syndromic or non-

syndromic and is genetically heterogeneous. Nearly 80% of

inherited nonsyndromic bilateral sensorineural hearing loss

(NBSNHI) is autosomal recessive. Although many causal genes

have been identified, most are minor contributors, except for

GJB2, which accounts for nearly 50% of all recessive cases of

severe to profound congenital NBSNHI in some populations.

More than 60% of children with a NBSNHI do not have an

identifiable genetic cause. To identify genetic contributors,

we genotyped 659 GJB2 mutation negative pediatric probands

with NBSNHI and assayed for copy number variants (CNVs).

After identifying 8 mild-moderate NBSNHI probands with a

Chr15q15.3 deletion encompassing the Stereocilin (STRC) gene

amongst this cohort, sequencing of STRC was undertaken

in these probands as well as 50 probands and 14 siblings with

mild-moderate NBSNHI and 40 probands with moderately

severe-profound NBSNHI who were GJB2 mutation negative.

The existence of aSTRCpseudogene that is 99.6%homologous to

the STRC coding region has made the sequencing interpretation

complicated. We identified 7/50 probands in the mild-moderate

cohort to have biallelic alterations in STRC, not including the 8

previously identified deletions.We also identified 2/40 probands

to have biallelic alterations in the moderately severe-profound

NBSNHI cohort, notably no large deletions in combination

with another variant were found in this cohort. The data

suggest that STRC may be a common contributor to NBSNHI

among GJB2 mutation negative probands, especially in those

with mild to moderate hearing impairment.

� 2011 Wiley Periodicals, Inc.

Key words: bilateral sensorineural hearing loss; SNHI;

Chr15q15.3; Stereocilin; STRC; DFNB16; SNP genotyping array;

copy number variation; CNV
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A Deleterious Mutation in DNAJC6 Encoding the
Neuronal-Specific Clathrin-Uncoating Co-Chaperone
Auxilin, Is Associated with Juvenile Parkinsonism
Simon Edvardson1, Yuval Cinnamon1, Asaf Ta-Shma1, Avraham Shaag1, Yang-In Yim2, Shamir Zenvirt1,

Chaim Jalas3, Suzanne Lesage4, Alexis Brice4, Albert Taraboulos5, Klaus H. Kaestner6, Lois E. Greene2,
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Abstract

Parkinson disease is caused by neuronal loss in the substantia nigra which manifests by abnormality of movement, muscle
tone, and postural stability. Several genes have been implicated in the pathogenesis of Parkinson disease, but the
underlying molecular basis is still unknown for ,70% of the patients. Using homozygosity mapping and whole exome
sequencing we identified a deleterious mutation in DNAJC6 in two patients with juvenile Parkinsonism. The mutation was
associated with abnormal transcripts and marked reduced DNAJC6 mRNA level. DNAJC6 encodes the HSP40 Auxilin, a
protein which is selectively expressed in neurons and confers specificity to the ATPase activity of its partner Hcs70 in clathrin
uncoating. In Auxilin null mice it was previously shown that the abnormally increased retention of assembled clathrin on
vesicles and in empty cages leads to impaired synaptic vesicle recycling and perturbed clathrin mediated endocytosis.
Endocytosis function, studied by transferring uptake, was normal in fibroblasts from our patients, likely because of the
presence of another J-domain containing partner which co-chaperones Hsc70-mediated uncoating activity in non-neuronal
cells. The present report underscores the importance of the endocytic/lysosomal pathway in the pathogenesis of Parkinson
disease and other forms of Parkinsonism.
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Introduction

Parkinson’s disease (PD) is an insidious and progressive

neurodegenerative disorder causing slowed movement, tremor,

rigidity and postural instability. The disease is characterized by

neuronal loss in the substantia nigra and other brain regions, and

is usually associated with the formation of intracellular protein

inclusions in damaged neurons, known as Lewy bodies. Several

genes known to function in the endocytic/lysosomal pathway or in

mitochondrial repair/elimination machinery have been implicated

in the pathogenesis of PD. At present, known Mendelian forms

and genetic risk factors of PD explain only about 30% of the

disease risk at the general population level [1]. While familial

forms of PD and Juvenile variants are rare, the identification of

their disease-causing genes is important as they highlight specific

pathways and because common genetic variants in these genes

may confer a risk of developing the sporadic disease. Here, we

report a homozygous mutation in DNAJC6 in two patients with

autosomal-recessive juvenile Parkinsonism.

Results

In order to localize the mutated gene in this family we searched

for homozygous regions common to the two patients but not to

their healthy brother, by genotyping dense DNA SNP arrays. This

analysis resulted in identification of eight homozygous genomic

regions of more than 2 Mb each, totaling 102.75 Mb. These

regions encompass about 800 protein-coding genes, making the

identification of plausible candidate genes difficult. We therefore

performed whole exome sequencing of patient II-2 sample. This

analysis resulted in the identification of 18,494 coding variants

(single-nucleotide variants and small insertions and deletions) of

which 7,387 variants were homozygous, but only 740 homozygous

coding or splice site variants were present in the eight homozygous

regions. Thirty variants were not annotated in dbSNP132, in the

1,000-genome or in our in-house database, and 15 remained after

filtering out synonymous changes. Sanger sequencing confirmed

only 11 changes and these segregated with the disease within the

family. However, out of the 11 variants, ten were annotated in

dbSNP135. We further checked for their conservation score

PLoS ONE | www.plosone.org 1 May 2012 | Volume 7 | Issue 5 | e36458
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Hereditary Sensory Autonomic
Neuropathy Caused by a
Mutation in Dystonin

Simon Edvardson, MD,1 Yuval Cinnamon, PhD,1

Chaim Jalas,2 Avraham Shaag, PhD,1

Channa Maayan, MD,3 Felicia B. Axelrod, MD,4

and Orly Elpeleg, MD1

In 4 infants with a new lethal autonomic sensory neurop-
athy with clinical features similar to familial dysautono-
mia as well as contractures, we identified a deleterious
mutation in the DST gene, using homozygosity mapping
followed by exome sequencing. DST encodes dystonin,
a cytoskeleton linker protein, and the mutation results
in an unstable transcript. Interestingly, dystonin is signif-
icantly more abundant in cells of familial dysautonomia
patients with IKBKAP (I-j-B kinase complex-associated
protein) mutation compared to fibroblasts of controls,
suggesting that upregulation of dystonin is responsible
for the milder course in familial dysautonomia. Homo-
zygosity mapping followed by exome sequencing is a
successful approach to identify mutated genes in rare
monogenic disorders.

ANN NEUROL 2012;71:569–572

The hereditary sensory and autonomic neuropathies

(HSANs), classified numerically by Dyck and Ohta,1

are inherited disorders associated with sensory dysfunc-

tion and varying degrees of autonomic dysfunction. For

only a few of the HSAN disorders have the disease-caus-

ing genes been reported.2 The sensory abnormalities for

HSANs include absent axon flare following intradermal

histamine injection and decreased pain and temperature

perception. The autonomic perturbations are more vari-

able and often unique to the particular HSAN type, and

can include altered sweating (hyperhidrosis or anhidro-

sis), cardiovascular dysregulation, and gastrointestinal

dysmotility.3 Autonomic dysfunction is particularly

prominent in HSAN type 3, also known as familial dys-

autonomia (FD). Cardinal features of FD are lack of lin-

gual fungiform papillae, alacrima, and depressed deep

tendon reflexes. In addition, patients have baroreceptor

failure resulting in blood pressure lability and chemore-

ceptor insensitivity making them less responsive to

hypoxia and hypercapnea.4 Patients with FD frequently

experience recurring bouts of protracted nausea and vom-

iting accompanied by hypertension, tachycardia, blotch-

ing, and generalized increase in secretions and irritability.

These episodes are termed dysautonomic crisis. The vari-

ous autonomic abnormalities associated with FD contrib-

ute to shortened life expectancy.5

We report a new HSAN caused by a homozygous

mutation in DST that has many of the phenotypic fea-

tures of FD, albeit it is of a more severe nature and is

accompanied by distal arthrogryposis.

Subjects and Methods

Patients
The three affected infants (patients K2, K5, and 4237) were

part of a large consanguineous family of Ashkenazi Jewish

extraction (Fig 1). Their disease was characterized by dysauto-

nomic symptoms (absent tearing, blotching, feeding difficulties,

absent deep tendon reflexes, and abnormal histamine test with

no axon flare), distal contractures, a motionless open-mouthed

facies (Fig 2), severe psychomotor retardation, and early death.

Detailed clinical description is provided as Supplementary

Material.

A second pregnancy for the parents of patient 4237 was

terminated when fetal ultrasound at 21 weeks of gestation dis-

closed a male with normal growth parameters but bilateral club

feet and persistent clenching of the hands. Autopsy on this fetus

(5024) confirmed bilateral club feet.

Methods

HOMOZYGOSITY MAPPING. A search for homozygous

regions in the only available patient DNA, that of 4237, was

performed using the Affymetrix GeneChip Human Mapping

250K Nsp Array, as previously described.6

WHOLE EXOME SEQUENCING. Whole exome sequenc-

ing was performed in DNA from patient 4237 using SureSelect

Human All Exon v.2 Kit (Agilent Technologies, Santa Clara,
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DGAT1 mutation is linked to a congenital 
diarrheal disorder
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Congenital diarrheal disorders (CDDs) are a collection of rare, heterogeneous enteropathies with early onset 
and often severe outcomes. Here, we report a family of Ashkenazi Jewish descent, with 2 out of 3 children 
affected by CDD. Both affected children presented 3 days after birth with severe, intractable diarrhea. One 
child died from complications at age 17 months. The second child showed marked improvement, with resolu-
tion of most symptoms at 10 to 12 months of age. Using exome sequencing, we identified a rare splice site muta-
tion in the DGAT1 gene and found that both affected children were homozygous carriers. Molecular analysis of 
the mutant allele indicated a total loss of function, with no detectable DGAT1 protein or activity produced. The 
precise cause of diarrhea is unknown, but we speculate that it relates to abnormal fat absorption and buildup 
of DGAT substrates in the intestinal mucosa. Our results identify DGAT1 loss-of-function mutations as a rare 
cause of CDDs. These findings prompt concern for DGAT1 inhibition in humans, which is being assessed for 
treating metabolic and other diseases.

Introduction
Congenital diarrheal disorders (CDDs) are rare and heteroge-
neous enteropathies, often with severe clinical manifestations  
(1, 2). Those whose cause has been identified typically result from 
autosomal recessive mutations. Affected genes include those 
related to disaccharidase deficiency, ion or nutrient transport 
defects, pancreatic insufficiency, or lipid trafficking (2). Some 
types of CDDs can be treated with dietary modification, but many 
present challenging clinical conditions, often requiring chronic 
nutritional support.

Here, we identified and characterized a rare DGAT1 mutation in 
a family with CDD. DGAT1 encodes 1 of 2 acyl CoA:diacylglycerol 
acyltransferases (DGATs), which catalyze the final step in triglycer-
ide (TG) synthesis (3). DGAT1 is expressed ubiquitously, with high-
est expression in human intestine (4). Mice lacking DGAT1 have 
normal fat absorption, although absorption is delayed and more 
fat reaches distal intestinal regions (5). Because of the favorable 
metabolic phenotype of DGAT1-knockout mice (6), DGAT1 inhib-
itors have been developed (7–9) and proven efficacious in animal 
studies (8, 10). Several are being evaluated in clinical trials (11–13). 
However, mutations in human DGAT1 have not been reported, and 
information about human DGAT1 deficiency is limited.

Results and Discussion
Clinical summary. The affected family is a nonconsanguineous 
couple of Ashkenazi Jewish descent with 3 children from full-
term, uncomplicated pregnancies. The first child, a boy, was 

unaffected. The second child (case 1), a girl, weighed 3.18 kg 
at birth and was fed with breast milk and cow’s milk formula. 
Three days after birth, she developed vomiting, colicky pain, and 
nonbloody, watery diarrhea, 8–10 times daily. She was treated 
with oral rehydration solution, and her formula was changed 
to soy-based formula, but diarrhea continued. Cultures for bac-
terial pathogens, rotavirus, and adenovirus were negative. She 
exhibited protein-losing enteropathy, with stool α1 antitrypsin 
of 8 to 20 mg/g (normal, <3 mg/g stool) and hypoalbuminemia.  
She required total parenteral nutrition and intermittent infu-
sions of albumin. Stomach, duodenum, and colon biopsies 
were negative for chronic granulomatous disease, autoimmune 
enteropathy, food protein-induced enterocolitis, microvillous 
inclusion disease, and tufting enteropathy (Supplemental Fig-
ure 1; supplemental material available online with this article; 
doi:10.1172/JCI64873DS1). Neuroendocrine cells were present 
in intestinal biopsies. Congenital lymphangiectasia, a cause 
of protein-losing enteropathy, was excluded by CT scan and 
histology. There was evidence of dystrophic microvilli in the 
duodenum. Immunological tests were unremarkable except for 
slightly decreased IgG (275 mg/dl) with normal subclasses.

The child exhibited hyperlipidemia, with a fasting serum TG 
level of 325 mg/dl at 1 month of age (subsequently, 81–631 mg/dl;  
mean, 264 mg/dl [n = 55]) (Table 1). The father had elevated 
fasting TG (118–481 mg/dl) and total cholesterol levels  
(140–260 mg/dl), with a HDL cholesterol level of 33 to 39 mg/dl. 
The mother also had elevated fasting TG (144–229 mg/dl) and 
total cholesterol levels (174–220 mg/dl), with a HDL cholesterol 
level of 39 to 42 mg/dl.

At 14 months of age, the child was below the first percentile 
for weight, despite parenteral nutrition and feeding per gas-
trostomy tube. She had recurrent episodes of sepsis, presumably  
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Development and validation of
concurrent preimplantation genetic
diagnosis for single gene disorders
and comprehensive chromosomal
aneuploidy screening without
whole-genome amplification
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Objective: To develop a novel and robust protocol for multifactorial preimplantation genetic testing of trophectoderm biopsies using
quantitative polymerase chain reaction (qPCR).
Design: Prospective and blinded.
Setting: Academic center for reproductive medicine.
Patient(s): Couples indicated for preimplantation genetic diagnosis (PGD).
Intervention(s): None.
Main Outcome Measure(s): Allele dropout (ADO) and failed amplification rate, genotyping consistency, chromosome screening suc-
cess rate, and clinical outcomes of qPCR-based screening.
Result(s): The ADO frequency on a single cell from a fibroblast cell line was 1.64% (18/1,096). When two or more cells were tested, the
ADO frequency dropped to 0.02% (1/4,426). The rate of amplification failure was 1.38% (55/4,000) overall, with 2.5% (20/800) for single
cells and 1.09% (35/3,200) for samples that had two or more cells. Among 152 embryos tested in 17 cases by qPCR-based PGD and CCS,
100% were successfully given a diagnosis, with 0% ADO or amplification failure. Genotyping consistency with reference laboratory
results was >99%. Another 304 embryos from 43 cases were included in the clinical application of qPCR-based PGD and CCS, for
which 99.7% (303/304) of the embryos were given a definitive diagnosis, with only 0.3% (1/304) having an inconclusive result
owing to recombination. In patients receiving a transfer with follow-up, the pregnancy rate was 82% (27/33).
Conclusion(s): This study demonstrates that the use of qPCR for PGD testing delivers consistent and more reliable results than existing
methods and that single-gene disorder PGD can be run concurrently with CCS without the need
for additional embryo biopsy or whole genome amplification. (Fertil Steril� 2015;-:-–-.
�2015 by American Society for Reproductive Medicine.)
Key Words: Single-gene disorder, monogenic disorder, preimplantation genetic diagnosis,
trophectoderm
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Utilizing Ethnic-Specific Differences
in Minor Allele Frequency to Recategorize
Reported Pathogenic Deafness Variants

A. Eliot Shearer,1 Robert W. Eppsteiner,1,18 Kevin T. Booth,1,18 Sean S. Ephraim,2,18 José Gurrola, II,1

Allen Simpson,1 E. Ann Black-Ziegelbein,1 Swati Joshi,3 Harini Ravi,3 Angelica C. Giuffre,3 Scott Happe,3

Michael S. Hildebrand,4 Hela Azaiez,1 Yildirim A. Bayazit,5 Mehmet Emin Erdal,6

Jose A. Lopez-Escamez,7 Irene Gazquez,7 Marta L. Tamayo,8 Nancy Y. Gelvez,8 Greizy Lopez Leal,8

Chaim Jalas,9 Josef Ekstein,10 Tao Yang,11 Shin-ichi Usami,12 Kimia Kahrizi,13 Niloofar Bazazzadegan,13

Hossein Najmabadi,13 Todd E. Scheetz,2,14,15 Terry A. Braun,2,14,15 Thomas L. Casavant,2,14,15

Emily M. LeProust,3,19 and Richard J.H. Smith1,16,17,*

Ethnic-specific differences in minor allele frequency impact variant categorization for genetic screening of nonsyndromic hearing loss

(NSHL) and other genetic disorders. We sought to evaluate all previously reported pathogenic NSHL variants in the context of a large

number of controls from ethnically distinct populations sequenced with orthogonal massively parallel sequencing methods. We used

HGMD, ClinVar, and dbSNP to generate a comprehensive list of reported pathogenic NSHL variants and re-evaluated these variants

in the context of 8,595 individuals from 12 populations and 6 ethnically distinct major human evolutionary phylogenetic groups

from three sources (Exome Variant Server, 1000 Genomes project, and a control set of individuals created for this study, the OtoDB).

Of the 2,197 reported pathogenic deafness variants, 325 (14.8%) were present in at least one of the 8,595 controls, indicating a minor

allele frequency (MAF)>0.00006. MAFs ranged as high as 0.72, a level incompatible with pathogenicity for a fully penetrant disease like

NSHL. Based on these data, we establishedMAF thresholds of 0.005 for autosomal-recessive variants (excluding specific variants inGJB2)

and 0.0005 for autosomal-dominant variants. Using these thresholds, we recategorized 93 (4.2%) of reported pathogenic variants as

benign. Our data show that evaluation of reported pathogenic deafness variants using variant MAFs from multiple distinct ethnicities

and sequenced by orthogonal methods provides a powerful filter for determining pathogenicity. The proposedMAF thresholds will facil-

itate clinical interpretation of variants identified in genetic testing for NSHL. All data are publicly available to facilitate interpretation of

genetic variants causing deafness.

The advent of massively parallel sequencing has shifted

the bottleneck in human genetics from data acquisition

to variant interpretation. Accurate evaluation of genetic

variants for pathogenicity is crucial to advance our under-

standing of disease processes and is a requirement for

clinical diagnostics. Whole-exome sequencing and tar-

geted gene panels based on targeted genomic enrichment

and massively parallel sequencing are becoming common-

place and for some Mendelian diseases, including breast

and ovarian cancer, degenerative eye disease, and hearing

loss, they have become the ideal test and are now used

routinely for clinical diagnostic testing.1–3 These tests regu-

larly produce hundreds or thousands of variants that

require categorization and interpretation to assess their

likelihood of causing disease. Correct interpretation is

crucial when test results are used to direct clinical care.

Hearing loss (HL) is the most common sensory deficit in

humans, affecting 1 in 500 children4 and 360 million peo-

ple worldwide (World Health Organization Deafness Esti-

mate Online Report). The majority of HL is genetic and

nonsyndromic (NSHL, not associated with other clinical

phenotypes). Genetic diagnosis for NSHL is particularly

challenging given limited phenotypic variability and

extreme genetic heterogeneity; increased use of massively

parallel sequencing resulting in thousands of variants

identified per individual has highlighted these challenges.
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Abstract

Primary ciliary dyskinesia (PCD) is a genetically heterogeneous, autosomal

recessive disorder that results from functional and ultrastructural abnormalities

of motile cilia. Patients with PCD have diverse clinical phenotypes that include

chronic upper and lower respiratory tract infections, situs inversus, heterotaxy

with or without congenital heart disease, and male infertility, among others. In

this report, the carrier frequencies for eleven mutations in eight PCD-associated

genes (DNAI1, DNAI2, DNAH5, DNAH11, CCDC114, CCDC40, CCDC65, and

C21orf59) that had been found in individuals of Ashkenazi Jewish descent were

investigated in order to advise on including them in existing clinical mutation

panels for this population. Results showed relatively high carrier frequencies for

the DNAH5 c.7502G>C mutation (0.58%), the DNAI2 c.1304G>A mutation

(0.50%), and the C21orf59 c.735C>G mutation (0.48%), as well as lower fre-

quencies for mutations in DNAI1, CCDC65, CCDC114, and DNAH11 (0.10–
0.29%). These results suggest that several of these genes should be considered

for inclusion in carrier screening panels in the Ashkenazi Jewish population.

Introduction

Primary ciliary dyskinesia (PCD, MIM: 244400) is a

genetically heterogeneous, autosomal recessive disorder

that results from functional and ultrastructural abnor-

malities of motile cilia. Phenotypes of PCD can be

diverse, with irregularities in motile respiratory cilia

causing chronic upper and lower respiratory tract infec-

tions, in embryonic nodal cilia causing situs inversus

and heterotaxy with or without congenital heart disease,

and in spermatozoa flagella causing male infertility,

among others clinical features (Zariwala et al. 2007;

Escudier et al. 2009; Leigh et al. 2009; Knowles et al.

2013a). PCD can be diagnosed in various manners

ª 2014 The Authors. Molecular Genetics & Genomic Medicine published by Wiley Periodicals, Inc.
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A Deleterious Mutation in the LOXHD1 Gene Causes
Autosomal Recessive Hearing Loss in Ashkenazi Jews
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Autosomal recessive nonsyndromic sensorineural hearing loss

(ARNSHL) in Ashkenazi Jews, is mainly caused by mutations in

theGJB2 andGJB6 genes. Here we describe a novel homozygous

mutation of the LOXHD1 gene resulting in a premature stop

codon (R1572X) in nine patients of Ashkenazi Jewish origin

who had severe-profound congenital non-progressive ARNSHL

and benefited from cochlear implants. Upon screening for the

mutation among 719 anonymous Ashkenazi-Jews we detected

four carriers, indicating a carrier rate of 1:180 Ashkenazi Jews.

This is the second reported mutation in the LOXHD1 gene, and

its homozygous presence in two of 39 Ashkenazi Jewish families

with congenital ARNSHL suggest that it could account for some

5% of the familial cases in this community. � 2011 Wiley-Liss, Inc.

Key words: hearing loss; Ashkenazi; LOXHD1; deafness

INTRODUCTION

Congenital hearing loss is a common sensory deficit, and is attrib-

uted to genetic factors in�1:2,000 live births [Mehl and Thomson,

2002]. In about half of the affected neonates, the hearing loss is

sensorineural (SNHL) and in 70% of those, there are no accompa-

nying clinical features (nonsyndromic NSHL) [Nance, 2003].

In the vast majority of the patients who have nonsyndromic SNHL,

the condition is transmitted in an autosomal recessive manner.

Heretofore, over 60 loci for autosomal recessive NSHL (ARNSHL)

are known, and 35 of the corresponding genes have been identified

(http://hereditaryhearingloss.org).Thediscovery ofdisease causing

mutations in these genes and those causing other form of genetic

NSHL has allowed functional analysis, thus providing insights

into the complex structure of the inner ear and the mechanism of

hearing, enabling a pathophysiology based classification [Hilgert

et al., 2009].

Among Ashkenazi Jews, ARNSHL is mainly caused by two

mutations (c.167delT, c.35delG) in the GJB2 gene, which encodes

connexin 26, and by a �340 kbp genomic deletion (delGJB6-

D13S1830) encompassing exon 1 of the GJB6 gene, encoding

connexin 30 [Lerer et al., 2000; Brownstein and Avraham, 2009].

All these mutations are associated with prelingual and mainly

profound hearing loss.

We hereby report on a novel Ashkenazi Jewish mutation in the

LOXHD1 gene, a recent newcomer to the ARNSHL gene list.

MATERIALS AND METHODS

Nine patients from two unrelated, nonconsanguineous, Ashkenazi

Jewish families were investigated by general audiological exami-

nations and pure tone audiometry with air and bone conduction at

250–8,000Hz and were screened for the GJB2 and GJB6 common

mutations.

Homozygosity mapping was performed using GeneChip Hu-

man Mapping 250 K Nsp Array of Affymetrix, as previously de-

scribed [Edvardson et al., 2007]. Briefly, genomicDNAwaspurified

from blood using QIAamp DNA mini kit (Qiagen). Digestion of

250 ng of genomic DNA with NspI, ligation of adaptor, and PCR

amplification with a generic primer that recognizes the adaptor

sequence were followed by fragmentation, end labeling with biotin,

hybridization to the array, washing and staining with fluorescent

R-phycoerythrin conjugated streptavidin, and scanning were all

performed in accordance with the manufacturer’s instructions.
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