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TURBO SPEED
When a fruit fly detects 
a looming predator, it 
can launch itself into 
the air and soar to safety in 
just a fraction of a second. But what 
happens if even a fraction of a second 
is too long? According to scientists at 
HHMI’s Janelia Research Campus, flies 
can employ an even quicker escape 
response that helps them evade their 
swiftest predators.

Janelia Group Leaders Gwyneth 
Card and Anthony Leonardo and their 
lab teams recorded the reactions of 
more than 4,000 flies exposed to a 
looming dark circle that simulated 
the approach of a predator. They 
discovered the flies have two distinct 
responses: a slow and steady takeoff 
in which they take time to raise their 
wings fully, and a quicker, clumsier 
escape that eliminates this step.  
“The fly’s rapid takeoff is, on average, 
eight milliseconds faster than its 
more controlled takeoff,” says Card. 
“Eight milliseconds could be the 
difference between life and death.”

By monitoring neurons in the 
flies’ brains, the scientists learned 

that different neural circuits 
control the two types of takeoff.  
Any sort of threat will activate the 
slow, controlled escape neural circuit. 
But if the threat is closing in quickly—
for example, a swooping damselfly—
the speedy escape circuit will kick in 
and override the slow one.

The findings, published in the 
July 2014 issue of Nature Neuroscience, 
help shed light on the neural circuits 
animals use to select one behavior 
over another. 

SHARPER IMAGE
A big problem in microscopy is that 
biological samples bend and distort 
light in unpredictable ways. The larger 
and more complex the specimen, 
the more erratic the light—and 
the fuzzier the resulting image. 
To circumvent this obstacle, 
Janelia Group Leader  
Eric Betzig created a new 
microscopy technique 
that borrows from 

astronomy and ophthalmology.
Astronomers correct for 

atmospheric distortion by shining a 
laser skyward in the direction they plan 
to observe, and then measuring the 
distortion of the returning light. Betzig 
and his colleagues duplicated this 
process on a smaller scale by figuring 
out how a tissue sample distorts 
infrared light. They corrected for 
aberrations in the returning light with 
a method ophthalmologists use to 
adjust for the movement of a patient’s 
eyes when capturing retinal images. 

The techniques allowed Betzig 
and his colleagues to bring into focus 

the subcellular organelles and 
fine, branching processes of 
nerve cells deep in the brain  

of a living zebrafish. “The 
results are pretty eye-popping,” 

says Betzig, who published the 
method in the June 2014 issue of 

Nature Methods.
“We kept on pushing this 

technology, and it turns out it works,” 
explains Kai Wang, a postdoctoral 
fellow in Betzig’s lab. “When we 

compare the image quality before and 
after correction, it’s very different. 
The corrected image tells a lot of 
information that biologists want  
to know.”

Y IS HERE TO STAY
The human Y chromosome has  
been shrinking. Over hundreds of 
millions of years, it has shed about 97 
percent of its original genes. Could 
the loss of a few more genes tip it 
into extinction? Not according to 
HHMI Investigator David Page of the 
Whitehead Institute for Biomedical 
Research. He believes that the 
jettisoning of genes has stopped.

In an April 24, 2014, Nature paper, 
Page and his colleagues compared the 
sequences of Y chromosomes from 
eight mammals, including humans, 
to reconstruct that chromosome’s 
evolution. Their results showed that, 
although there was a period of rapid 
degeneration and gene loss during 
the early days of its evolution, the 
Y chromosome retained a subset of 
ancestral genes that have remained P
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Untangling a  
Viral Infection
A host cell enzyme  
is commandeered by  
a knot-like structure  
in flavivirus RNA.
flaviviruses	are	resourceful .	The	
agents	behind	West	Nile	and	dengue	fever	
trick	their	host’s	invader-fighting	enzymes	
into	helping	the	virus	infect	more	cells.	
HHMI	Early	Career	Scientist	Jeffrey	Kieft	is	
resourceful	too.	He’s	figured	out	how	these	
pathogens	perform	their	trickery	and	devised		
a	potential	way	to	put	an	end	to	it.

“Scientists	discovered	a	long	time	ago	that	
when	flaviviruses	infect	a	cell,	they	produce	a	
subgenomic	RNA	molecule	that	is	essential	for	

viral	infection,”	explains	Kieft.	The	molecule,	
called	small	flaviviral	RNA	(sfRNA),	is	actually	
created	by	a	host	enzyme	named	Xrn1.	
Ironically,	Xrn1	can	help	defend	the	host	by	
destroying	foreign	RNA.	But	in	this	case,		
it	helps	the	invader	attack.

To	its	credit,	Xrn1	manages	to	chew	up	
most	flavivirus	RNA,	but	then	it	stops,	and	
the	fragment	that	remains	is	the	damage-
inflicting	sfRNA.	Kieft	and	his	team	at	the	
University	of	Colorado	Denver	characterized	
the	spot	on	the	viral	RNA	that	blocks	the	
enzyme	from	moving	along	the	foreign	RNA.	
It	turned	out	to	be	a	knot-like	fold	in	the	RNA	
that	acts	as	a	blockade.

“Xrn1	is	chewing	down	the	RNA,	
progressing	really	easily,	and	it	runs	into	this	
tangled-up	RNA	structure	and	just	can’t	get	
by,”	explains	Kieft.	“It	can’t	figure	out	how	to	
untie	the	‘knot.’”	

The	scientists	also	learned	that	if	they	
disrupt	the	knot-like	structure	by	changing	
certain	nucleotides	in	the	RNA,	Xrn1	can	
successfully	chew	through	the	RNA	and	
prevent	production	of	the	pathogenic	
sfRNA.	They	published	their	findings	in	two	
papers—one	in	the	April	1,	2014,	issue	of	eLife	
and	the	other	in	the	April	18,	2014,	issue		
of	Science.

If	researchers	can	find	a	way	to	prevent	
viral	RNA	from	forming	the	knotty	snarl,	

they	will	have	a	treatment	for	flavivirus	
diseases.	“Now	that	we’ve	got	a	full	picture	
of	the	structure	and	have	a	model	for	how	it	
stops	Xrn1,	we	can	get	serious	about	trying		
to	target	the	blockade	with	small	molecules	
to	disrupt	its	structure,”	says	Kieft.			
– Nicole Kresge	

A knot-like fold in flavivirus RNA helps the pathogen  
trick host cell enzymes.
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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).
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implying that VRAC had been 
inactivated. They named that gene 
SWELL1 and published their findings 
on April 10, 2014, in the journal Cell.

“When cells swell, the SWELL1 
protein is activated and pumps 
chloride and other solutes out of the 
cell, which initiates the process to 
shrink a cell back to original volume,” 
says Patapoutian.

Now that the team has a molecular 
understanding of VRAC, they plan to 
investigate how the channel senses 
volume change and the role SWELL1 
plays in physiology and disease.

LEGO FOR THE LAB 
Synthesizing a molecule is a lot like 
doing a jigsaw puzzle. You start with 
many pieces, figure out how they fit 
together, and eventually, after a lot 
of trial and error, you’re done. HHMI 
Early Career Scientist Martin Burke 
has come up with 
a way to 

simplify the process using Lego-
like building blocks that take the 
puzzling out of synthesis.

Burke and his team at the 
University of Illinois at Urbana-
Champaign analyzed almost 3,000 
polyenes found in nature. These 
molecules—commonly used as drugs, 
pigments, and fluorescent probes—
contain chains of carbon atoms 
connected by alternating single and 
double bonds. The scientists realized 
that more than three-quarters of the 
natural products could be created 
with only 12 different chemical 
building blocks joined by a single type 
of coupling reaction. Like 12 pieces of 
Lego that can be combined to make 
just about anything, from a house to 
a dinosaur, the researchers mixed and 
matched the basic polyene building 
blocks to produce several different 
molecules.

The discovery, reported in the 
June 2014 issue of Nature Chemistry, 
provides chemists with a simple 

way to build polyenes that are 
challenging or too expensive to 

extract from their natural sources. 
Burke eventually hopes to expand  
his chemical Lego set to include  
more than just polyenes. “This paper 
covers about 1 percent of all natural 
products isolated to date,” he says. 
“We want to determine how many 
building blocks it takes to reach most 
of the remaining 99 percent, and  
to create a highly optimized machine 
that can automatically stitch those 
building blocks together.” 

CLIPPING CONTROL
When a strand of DNA in a yeast cell 
breaks, one of the first responders 
is the endonuclease Sae2. The 
enzyme’s job is to trim a little from 
the damaged ends of the DNA in 
preparation for repair. But if Sae2 
lingers around too long, it might 
end up clipping some perfectly good 
DNA as well. HHMI Investigator 
Tanya Paull of the University of 
Texas at Austin has figured out how 
cells keep the enzyme in check. 

Paull’s team discovered that 
Sae2 normally forms nonfunctional, 

insoluble protein aggregates in the 
cell. But after DNA damage occurs, 
an enzyme called cyclin-dependent 
kinase adds several phosphate 
molecules to Sae2. This causes the 
protein clusters to break apart, and 
the now-soluble single molecules of 
Sae2 become active. The DNA damage 
also triggers the degradation of Sae2, 
ensuring the cellular “clipper”  
is only transiently available. The 
findings were published March 2014 
in Molecular and Cellular Biology.

“Sae2 is an endonuclease that is 
potentially very toxic to cells when 
unregulated,” explains Paull. “So 
this strategy is ideal for sequestering 
the protein into a form that is not 
toxic, yet is available for immediate 
activation through phosphorylation.” 

Paull recently discovered that 
CtIP—the human version of Sae2—is 
an endonuclease with even more 
phosphorylation than Sae2. The 
results, published in the June 19, 2014, 
issue of Molecular Cell, have prompted 
her to investigate if CtIP is also 
regulated by changes in solubility.

What the  
Nose Knows
Humans can tell the 
difference between at 
least a trillion smells.
every	day,	we’re 	confronted	by	a	
multitude	of	smells,	good	and	bad:	perfume,	
body	odor,	baking	cookies,	ripe	garbage.		
But	how	many	smells	can	the	human	nose	
actually	distinguish?	According	to	a	recent	
study	by	HHMI	Investigator	Leslie	Vosshall,	
it’s	more	than	1	trillion.

For	decades,	people	believed	that	the	
human	nose	could	discriminate	between	
10,000	different	smells.	That	estimate,	never	
empirically	tested,	didn’t	sit	right	with	
Vosshall.	“The	number	was	from	theoretical	
work	in	the	1920s	that	came	to	be	uncritically	
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accepted	by	scientists	and	nonscientists	
alike,”	she	says.

It	also	didn’t	make	sense	that	humans	could	
detect	fewer	smells	than	colors.	The	human		
eye	can	perceive	at	least	2.3	million	different	
colors	using	three	types	of	light	receptors.		
By	comparison,	the	human	nose	has	400	
olfactory	receptors.	Surely	we	should	be	able		
to	smell	more	than	10,000	odors.

Andreas	Keller,	a	senior	scientist	in	
Vosshall’s	Rockefeller	University	lab,	decided	
to	determine	a	more	accurate	number.		
He	selected	128	different	odorant	molecules	
that,	when	sniffed	individually,	could	evoke	
smells	such	as	mint	or	citrus.	But	when	mixed	
in	combinations	of	10,	20,	or	30,	the	odorants’	
smells	were	unfamiliar.

Twenty-six	volunteers	were	presented		
with	three	vials	of	these	scent	cocktails;	two	
were	identical,	the	third	was	different.		
It	was	the	sniffer’s	job	to	pinpoint	the	outlier.	
Each	volunteer	did	this	more	than	250	times.	
On	average,	they	could	easily	distinguish	
between	mixtures	with	fewer	than	half	
their	components	in	common;	above	that,	
discrimination	became	harder.

From	the	data,	the	team	extrapolated	how	
many	different	odors	the	average	human	
can	detect.	Vosshall	likens	the	process	to	a	
survey—rather	than	asking	the	entire	country	
what	presidential	candidate	they	will	vote	

for,	you	telephone	a	few	thousand	voters	and	
use	your	findings	to	make	an	estimate	of	the	
entire	population’s	preferences	based	on	this	
sampling.	The	number,	published	March	21,	
2014,	in	Science,	was	1.7	trillion—a	conservative	
projection,	as	there	are	many	more	than	128	
odorants	in	the	world.	

No	one	encounters	a	trillion	smells	in	a		
day,	so	the	ability	to	distinguish	between	so	
many	odorant	molecules	isn’t	really	necessary.		
But	being	able	to	discriminate	between	similar	
smells,	such	as	spoiled	milk	versus	fresh	milk,	
is	certainly	useful.		– Nicole Kresge

Volunteers sniffed 250 different scent cocktails to help 
determine the limits of human odor detection.


