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and Rex Kerr, created a sensor named 
GCaMP6. It is the most sensitive 
calcium sensor ever developed, 
and the fi rst sensor that can detect 
impulses in every neuron in the 
brain, according to their report in 
the July 18, 2013, issue of Nature. The 
team continues to tinker with the 
sensor and develop new versions for 
specifi c uses, including sensors that 
emit different wavelengths of light 
so they are easier to detect.  

CAREFULLY CONCOCTED TALES
Every cell in the body has the 
same genes, yet many of them—for 
example, nerve cells and skin 
cells—have very different jobs. This 
specialization is due in part to a 
cell’s ability to turn genes on 
and off using short stretches 
of DNA known as enhancers. 
David Stern, a lab head at 
Janelia Farm Research Campus, 
has found a way to learn more 
about these regions by targeting 
them with particular DNA-

binding proteins. 
Stern and Justin Crocker, a 

researcher in his lab, used a group 
of proteins called transcription 
activator-like effectors, or TALEs. 
Originally isolated from bacteria, 
TALEs can be altered to bind to a 
specifi c sequence of DNA. Stern and 
Crocker created TALEs that bound 
to the enhancer for a gene called eve. 
They then attached part of a protein 
known to stop gene expression to 
those TALEs. As they reported in 
the August 2013 issue of Nature 
Methods, their engineered TALEs 
were able to halt eve expression in 
developing fl y embryos.

Scientists will be able to use the 
technique to engineer their own 

TALEs and learn more about 
enhancer function and gene 
expression. “Not only does this 
let us understand enhancers 
in their native context,” says 
Crocker, “it also lets us take 
the next step forward to 

controlling them.”

ACCURATELY HITTING GENE 
TARGETS
Scientists have been manipulating 
genes in test tubes for years. Doing 
the same in living organisms, 
however, is a different story: It 
requires a way to precisely target 
that gene. A mismatch could mean 
the difference between effectively 
treating a disease and triggering the 
development of cancer. Two HHMI 
investigators recently teamed up to 
test the accuracy of a molecule called 
Cas9 that can be instructed to bind to 
and modify specifi c genes.

Cas9 is a naturally occurring 
bacterial protein with a bright future 
in genome engineering and gene 
therapy. It can be programmed with 
a short piece of RNA to cut specifi c 
DNA sequences. The RNA “guide” is 
usually about 20 base pairs long and 
is complementary to the target DNA. 
David Liu of Harvard University, 
Jennifer Doudna of the University 
of California, Berkeley, and their 
students evaluated Cas9’s ability, 

when paired with guide RNAs of 
different lengths, to cut one trillion 
different DNA sequences.

They found that while the entire 
guide RNA sequence can program 
Cas9 specifi city, some genome 
sequences that do not exactly match 
the guide RNA can nevertheless be 
cleaved, according to the report in 
the September 2013 issue of Nature 
Biotechnology. The tolerance for 
mismatches depends on what site 
in the genome was targeted and 
where the mismatches occurred in 
the guide RNA sequence. The team 
also found a trade-off between 
activity and specifi city. Shorter, less 
active guide RNAs are more specifi c 
than longer, more active ones. 
Doudna and Liu are continuing 
their collaboration, which is now 
aimed at improving Cas9 specifi city. 
They believe that, with future 
improvements, the molecule should 
be able to home in on any single 
site in the human genome, with 
potential therapeutic implications.

Regenerate or 
Mate
In zebrafi sh, spiky 
structures hinder fi n 
regrowth.
when	it	comes 	to	sex	versus	survival,	most	
male	zebrafi	 sh	can’t	have	it	both	ways.	The	fi	 sh	
is	either	good	at	mating	or	good	at	growing	a	
new	fi	 n	after	an	amputation	injury.	Scientists	
are	now	a	little	closer	to	understanding	why.

A	few	years	ago,	Ken	Poss,	an	HHMI	
early	career	scientist	at	Duke	University,	
noticed	that	female	zebrafi	 sh	were	better	
at	regenerating	their	pectoral	fi	 ns	than	
male	fi	 sh.	“This	type	of	sexually	dimorphic	
regeneration	is	pretty	unusual,”	explains	
Poss.	“It	suggests	there’s	some	sort	of	

K
en

	P
os

s		
				

	Il
lu

st
ra

ti
on

:	L
ei

f	
P

ar
so

n
s

signaling	malfunction	in	the	males.”	
Poss	and	his	colleagues	discovered	that	

the	males	had	high	levels	of	a	protein	called	
Dkk1b	in	their	pectoral	fi	 ns.	Dkk1b	is	a	potent	
inhibitor	of	Wnt—a	signaling	molecule	that	
plays	a	big	role	in	development,	and	thus	
regeneration.	The	researchers	traced	the	
source	of	Dkk1b	to	a	cluster	of	needle-like	
structures,	called	epidermal	tubercles,	on	
the	pectoral	fi	 ns.	Males	use	these	spiky	
growths	to	grasp	their	partners	when	mating.	
“Normally,	[Dkk1b]	is	regulated	in	a	very	
precise	way	during	fi	 n	regeneration,”	Poss	
says.	But	when	the	fi	 ns	have	tubercles,	this	
changes	completely.

Poss	realized	that	the	production	of	
Dkk1b	from	epidermal	tubercles	was	short-
circuiting	the	regeneration	of	pectoral	fi	 ns.	
The	fi	 ndings,	published	in	Developmental Cell	
on	October	14,	2013,	suggest	that	zebrafi	 sh	
traded	an	ancient	ability	to	regenerate	tissue	
for	a	new	way	to	enhance	reproductive	
success.	The	good	news	for	zebrafi	 sh	is	that	
it’s	not	all	or	nothing.	A	certain	percentage	of	
males	can	recover	from	amputation.

The	discovery	of	this	level	of	control	by	a	
signaling	inhibitor	during	tissue	regeneration	
is	big	news.	“It	says	that	these	inhibitors	are	
important	too,”	says	Poss.	“Putting	them	in	the	
right	places	at	the	right	time	should	be	part	of	
making	tissue	artifi	 cially.”	– Nicole Kresge

Zebrafi sh use these spiky structures on their pectoral fi ns 
to grasp their partners when mating. 
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