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remarkably stable for the past 25 
million years.

Moreover, the nature of the 
surviving genes hints that a Y 
chromosome may do more than  
just dictate the gender of its owner.  
Most of the genes have little to do 
with sex determination or sperm 
production. Instead, they play roles 
in protein synthesis, RNA splicing, 
and gene regulation. What’s more, 
they are expressed in the heart, lungs, 
and other tissues throughout the 
body. Page thinks these genes could 
be contributing to the ways in which 
disease affects men and women 
differently. 

“This paper tells us not only that 
the Y chromosome is here to stay, but 
that we need to take it seriously—and 
not just in the reproductive tract,” 
says Page. 

CLUE TO LANGUAGE 
DEVELOPMENT
The human brain has different 
regions with different functions: 
vision in the occipital lobe, hearing in 

the temporal lobe. But how are these 
specialty regions formed? A study 
by HHMI Investigator Christopher 
Walsh at Boston Children’s Hospital 
shows that selective regulation of  
a particular gene may control  
brain development on a section-by-
section basis. Their findings may  
be relevant to understanding human 
brain evolution. 

In a study published February 
14, 2014, in Science, Walsh and his 
colleagues looked at five people with 
abnormal folds near a deep furrow in 
the brain known as the Sylvian fissure, 
a region that includes the brain’s 
primary language center. As expected, 
the five subjects had impairments 
in cognition and language, yet none 
had mutations in the protein-coding 
regions of genes associated with brain 
function or formation. 

All of them, however, were 
missing 15 nucleotide base pairs in a 
noncoding segment of their DNA. The 
mutations had inactivated a stretch 
of DNA that was promoting the 
expression of GPR56, a gene critical 

for normal brain fold development. 
“The mutation caused the gene to 
be deficient, but only in the parts of 
the brain that did not develop 
properly,” Walsh explains.

Interestingly, evolutionary 
studies have shown that, 
around 100 million years ago, 
placental mammals acquired 
some additional DNA in the very 
area where Walsh’s team discovered 
the inactivated element. Because 
those nucleotides determine whether 
or not GPR56 will create brain folds 
around the Sylvian fissure, and 
may even account for the language 
center’s existence, Walsh believes that 
it may have helped set the stage for 
humans to develop language.

A SWELL DISCOVERY
By its nature, a cell’s membrane is 
permeable to water. So if water levels 
in the cell’s environment increase, 
the cell will swell. If it can’t pump out 
the excess water, the cell will burst. 
But most cells don’t burst, and HHMI 
Investigator Ardem Patapoutian of the 

Scripps Research 
Institute has 
identified a  

gene that helps 
explain why.

Because water tends 
to follow solutes—the ions and other 
chemicals dissolved in water—a cell 
can manage its water content by 
managing its solutes. In the 1980s, 
scientists discovered that a cellular 
ion channel—called volume-regulated 
anion channel (VRAC)—opens in 
response to swelling to allow the 
outflow of negatively charged ions, 
which take excess water with them.

“Although scientists have 
known about the activity of VRAC 
for almost 30 years, its molecular 
identity has remained a mystery,” says 
Patapoutian. To find the VRAC genes, 
his team created fluorescent cells 
whose glow was muted when VRAC 
channels opened. The researchers 
inactivated more than 20,000 genes, 
one by one, and watched the effect on 
the glowing cells. Silencing of only 
one allowed the glow to continue, P
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To see Keller’s cell tracking in action, visit 
www.hhmi.org/bulletin/fall-2014.

Keeping Tabs  
on Development
New software  
simplifies cell tracking  
as an embryo grows.
there	are	tens 	of	thousands	of	cells		
in	a	fruit	fly	larva.	Recent	advances	in	imaging	
technology	can	provide	snapshots	of	each		
of	these	cells	as	they	divide	and	migrate	during	
development.	

Capturing	an	image	of	a	growing	embryo	
every	30	seconds	or	so	during	the	course		
of	a	day,	however,	produces	terabytes	of	data.	

A	team	led	by	Janelia	Group	Leader	Philipp	
Keller	has	figured	out	a	way	to	analyze	the	
data	by	allowing	computers	to	identify	and	
track	dividing	cells	as	quickly	as	high-speed	
microscopes	can	collect	the	images.

The	computer	program	is	based	on	the	idea	
of	clustering	three-dimensional	pixels,	called	
voxels,	into	larger	units	called	supervoxels.	
Using	the	supervoxel	as	the	smallest	unit	
allowed	the	researchers	to	reduce	complexity		
by	a	thousand-fold.	The	computer	scans	groups	
of	connected	supervoxels	for	shapes	resembling	
cell	nuclei.	That	information	is	then	used		
to	locate	those	nuclei	in	subsequent	images.	

Keller	and	his	colleagues—including	
postdoc	Fernando	Amat;	Group	Leader		
Kristin	Branson;	and	former	Janelia	lab	
head	Eugene	Myers,	now	at	the	Max	Planck	
Institute	of	Molecular	Cell	Biology	and	
Genetics—also	incorporated	a	final	step	that	
allows	scientists	to	check	the	accuracy	of	the	
calculations	and	fix	any	mistakes.	

To	test	their	program,	the	team	collected	
images	of	entire	fruit	fly,	zebrafish,	and	
mouse	embryos	during	development	and	
computationally	followed	the	dynamic	behavior	

of	the	many	thousands	of	cells	in	these	data	sets.	
They	also	used	these	data	sets	to	analyze	the	
development	of	the	early	nervous	system	in	a	
fruit	fly	embryo	at	the	single-cell	level.	As	they	
reported	online	on	July	20,	2014,	in Nature Methods,	
they	were	able	to	track	a	large	fraction	of	early	
neuroblasts—cells	that	will	develop	into	neurons—
and	could	even	predict	the	future	fate	and	
function	of	many	cells	based	on	their	behavior.

Keller	hopes	that	others	will	use	the	
program,	which	works	with	data	from	several	
types	of	fluorescence	microscopes,	to	learn	
more	about	early	development.	His	team	has	
made	the	software,	which	can	run	on	a	desktop	
computer,	freely	available	on	his	website		
(www.janelia.org/lab/keller-lab).		– Nicole Kresge

A new computer program helps track cell movement in 
images like this one, of a developing fruit fly embryo (left).


