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Double-Checking Doublesex
FRUIT FLY CELLS DON’T ALL KNOW WHAT SEX THEY ARE. 

Scientists who spend hours each day poring over fruit fly biology 
can easily distinguish a male fruit fly from a female under the 
microscope. But place an individual cell from a fly under the scope 
and ask whether it is male or female, and you’ll surely stump them. 

HHMI scientists have now found that many cells in male and 
female fruit flies not only look the same, they are more identical at 
a molecular level than was previously thought. 

“It’s been a widely accepted paradigm that all cells know their 
sex,” says Bruce Baker, a group leader at HHMI’s Janelia Farm 
Research Campus and an author of the new study. Researchers 
believed that all somatic cells in a fruit fly expressed doublesex, 
a gene known to control sex determination in flies. Females and 
males differed as a consequence of the expression of sex-specific 
Doublesex proteins.

“This was a good model. It worked fine for explaining what we 
knew. But it had never been rigorously tested,” says Baker. Now it has. 

Baker and his colleagues genetically engineered fruit flies so that 
when a cell made protein from the doublesex gene, the cell lit up. 
The researchers then tracked the development of these fruit flies 
from embryos onward, watching which cells lit up. 

They observed that, beginning 12 hours after fertilization, only 
some cells in the embryos express doublesex. Expression of the gene 
varies among cells and tissues throughout development. By the time 
the fly is an adult, only a portion of the fly’s tissues have doublesex 
turned on—including all regions of the fly with obvious sex differ-
ences, like the genitalia. However, many cells, they found, turn off 
doublesex permanently. Thus, in fruit flies both males and females 

are sexual mosaics, in that some 
cells know their sex, whereas 
other cells do not. The research 
was published on May 4, 2010, 
in PLoS Biology. 

Since doublesex is a con-
served sex determination gene 
in many animal species, includ-
ing humans, Baker and his 
coauthors suggest their results 
may foreshadow similar findings 
in other animal species. W 
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neurons. But the protein is a transcription 

factor, binding to certain genes to turn 

them on—a type of protein that is notori-

ously difficult to block with drugs. 

In their most recent work, Green’s team 

surveyed mice cells for other proteins that 

are in the same pathway as ATF5 and 

might be better targets. They developed 

a system in which only cells where ATF5 

was turned off survived infection by a 

diphtheria toxin. Then they shut off, in a 

high-throughput fashion using small snip-

pets of RNA, each of the mouse’s nearly 

30,000 genes. 

Twelve genes when turned off shut 

down ATF5 activity, the scientists reported 

in the June 2010 issue of Nature Medi-
cine. Analysis of human brain tissue from 

glioblastoma patients revealed that these 

genes are expressed in many tumor sam-

ples. In addition, using a mouse model of 

glioblastoma, the researchers tested a 

drug—already on the market to treat other 

cancers—that blocks a protein in the ATF5 

pathway. The results were encouraging.

LEARNING FROM A BIRD VIRUS

A disease that’s been killing parrots and 

macaws worldwide has now been found 

to have strong parallels with a swallow-

ing  disorder in humans. In 2008, a team 

of HHMI scientists identified a virus as the 

cause of the bird disease.

The human disease, achalasia, strikes 

2,000 people a year in the United States 

and the cause has never been  identified. 

When someone is afflicted with the con-

dition, the muscles of the esophagus 

can’t relax and therefore can’t push food 

or liquid toward the stomach with normal 

wave-like contractions. 

Proventricular dilation disorder (PPD) in 

domesticated birds has many of the same 

symptoms: tissue in the birds’ proven-

triculus, similar to the human esophagus, 

becomes diseased and its wave-like con-

tractions are disrupted. The scientists, led 

by HHMI investigators Don Ganem and 

Joseph DeRisi of the University of Califor-

nia, San Francisco, identified the virus as an 

avian bornavirus. 

 Their recent work, published May 26, 

2010, in Science Translational Medicine, 

documents the similarities between PPD 

and achalasia. While the avian bornavi-

rus is not the cause of human achalasia, 

the research has inspired the scientists to 

look for a viral cause of the human disease. 

They’re now employing the same high-

throughput viral screening methods that 

led them to the PPD virus to try to pinpoint 

the cause of achalasia. 

GLOBAL MIGRATION OF THE FLU

With airplanes zipping around the globe 

every day of the year, it’s no surprise that 

strains of influenza spread from country to 

country during each flu season. Just how 

complex these viral migration patterns are 

has now been revealed. 

Working in the lab of Mercedes Pascual, 

an HHMI investigator at the University of 

Michigan, Trevor Bedford and Sarah Cobey 

applied a computer algorithm to publicly 

available genetic sequences of 2,165 flu 

viruses. Each sequence, from viruses col-

lected between 1998 and 2007, was paired 

with a location and date, so the research-

ers could trace how variants moved around 

the globe. 

While it’s long been presumed that 

most seasonal flu variants begin in China 

and Southwest Asia, the analysis showed 

that successful influenza strains origi-

nated in the United States 24 percent 

of the time. Moreover, in 1999 a strain of 

influenza that evolved in the United States 

spread worldwide and was so successful 

that all seasonal flu strains that exist today 

descend from it. 

The findings, Pascual says, offer impor-

tant lessons for global influenza control. 

For example, the strains that circulate in 

South America during the winter almost 

always originated in North America the 

previous season. This kind of knowledge 

offers a way to predict which vaccines will 

be effective. The research was published 

May 27, 2010, in PLoS Pathogens.
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Only some cells in a fly’s leg express 
the doublesex gene (red).


