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chromosome replication with a reversible chemical treatment 
in vHMECs, some cells ended up with extra centrosomes—as 
though the original two centrosomes had not gotten the 
message that things were on hold, and duplicated again 
while the chromosomes sat. Knowing from other studies 
that a protein called p16INK4a (which normally plays a role in 
suppressing tumor formation) is silenced in vHMECs, they 
tested its possible role in the generation of extra centrosomes 
by blocking its expression in HMECs. As they predicted, 
some of the HMECs in which p16INK4a was blocked developed 
supernumerary centrosomes. And when they altered vHMECs 
to make them express p16INK4a, the tendency to produce 
supernumerary centrosomes was reduced.

How does the absence of p16INK4a lead to too many 
centrosomes? A normal centrosome contains two assemblages 
of microtubules, called a centriole pair, that split up and 
make new centriole partners when a cell divides. Looking 
closely at the supernumerary centrosomes, the researchers 
discovered a signifi cant portion with only one centriole. This, 
along with the fact that cells rarely end up with more than 
four centrosomes, led them to speculate that p16INK4a acts 
as a sort of centriole pair “policeman”—when it’s around, 
the centriole pair splits once as it is supposed to, but if it’s 
disabled, the centriole pairs can split more than once to 
generate supernumerary centrosomes.

To clearly link production of supernumerary centrosomes 
resulting from loss of p16INK4a activity to aneuploidy, the 
researchers looked at cell division in vHMECs and in HMECs 
with and without blocked p16INK4a. They found that pausing 
replication was associated with increases in supernumerary 
centrosomes and aneuploidy in vHMECs and in HMECs 
with blocked p16INK4a, but not in normal HMECs. To prove a 
causal connection, they observed cell division using time-lapse 
microscopy. They found that vHMECs with more than two 
centrosomes were more likely to produce aneuploid daughter 
cells than were vHMECs with two centrosomes. 

The researchers tested other cell types and discovered that 
loss of p16INK4a activity produces supernumerary centrosomes 
and aneuploidy in them as well. And, using human 
fi broblasts, they showed that p16INK4a prevents inappropriate 

centriole pair splitting by working with a gene called p21 
that inhibits the activity of Cdk, a type of protein needed for 
centrosome duplication.

Cells with inactive p16INK4a are found in normal human 
breast tissue. This study suggests that if DNA replication gets 
held up—which it can if DNA needs repair due to exposure 
to chemotherapy—such cells would produce supernumerary 
centrosomes. These supernumerary centrosomes could lead 
to aneuploidy, loss or gain of genes regulating cell division 
and death, and may result in the beginning stages of a tumor.
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Students of human evolution got a big 
boost when the draft sequence of the 
chimp genome was published in 2005. 
Now their challenge is to comb through 
the combined 6 billion nucleotides 
for clues to the evolutionary forces 
that made humans odd man out in 
the primate family tree. Chimp and 
human DNA nucleotides differ by just 
1.23%, suffi cient genetic variation for 
natural selection to create a bipedal, 
big-brained primate lineage but small 
enough to suggest that every mutation 
has an evolutionary tale to tell. 

Natural selection, it’s typically 
thought, mostly favors “gain of 
function” mutations, which increase 

an organism’s fi tness while jettisoning 
“loss of function” mutations, which are 
considered deleterious. An alternative 
hypothesis proposes that gene loss—
which can occur when mutations 
render functional genes inactive in a 
process called pseudogenization—can 
also confer selective advantage and 
promote evolutionary change. 

In a new comparative analysis of the 
human and chimp genomes, Xiaoxia 
Wang, Wendy Grus, and Jianzhi Zhang 
fi nd support for this “less is more” 
hypothesis. They analyzed 80 human 
pseudogenes—many involved in 
immunity and chemoreception—and 
show that positive selection explains how 
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 Analyzing “pseudogenes” that lost their 
functionality since humans and chimps 
diverged over 6 million years ago promises 
to shed light on the genetic basis of human 
origins. (Photo: Curt Busse, Gombe National 
Park, Tanzania)  
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 Loss of p16INK4a allows cells to produce too many centrosomes (the 
green dots) which in turn leads to genomic instability.  
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Did you ever arrange to meet a friend at a busy street corner, 
then rush up to a total stranger thinking it was your friend? 
Neuroscientists have a theory to explain why such potentially 
embarrassing mistakes occur. We’re trying to detect a target 
(our friend) amid a noisy background fi lled with distracters 
(a street fi lled with strangers) that impede our visual 
perception. Neuroscientists probe the underlying perceptual 
and neural processes of visual search by studying how 
distracters affect performance of a visual search task under 
controlled conditions in the lab. 

Say a person is asked to pick out a target—a line tilted 
clockwise—that is embedded within a set of distracters—32 
vertical lines. Signal detection theory (SDT) provides a 
framework for making quantitative predictions about the 
probability that an observer will detect a target under 
cluttered conditions. SDT assumes the brain represents each 
element in a visual search display as an independent variable 
with its own noise. It also assumes that when the observer isn’t 

sure which stimulus is the target, she monitors all stimuli, 
and performance suffers. Thus, increasing the number of 
distracters (trying to fi nd your friend on a busy street or a 
document on a messy desk) increases the background noise 
of the visual system’s representation while reducing the 
accuracy and reaction time of performing the task.

One might intuitively expect that as noise and errors 
increase, confi dence in one’s decision plummets. But in 
a new study, Stefano Baldassi, Nicola Megna, and David 
Burr show that just the opposite happens. When observers 
searched for a tilted target embedded in distracters, they 
overestimated the magnitude of the tilt—and did so with a 
high degree of confi dence in their decision.

It turns out that SDT lends a logical prediction to the 
seemingly counterintuitive fi nding that observers make more 
high-confi dence errors when confronted with clutter. The 
prediction fl ows from a “squeaky wheel gets the grease” rule 
about visual processing, called the “Sign Max Rule.” When 
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one pseudogene spread throughout 
human populations. Humans with the 
CASP12 pseudogene, which retains its 
immune function in other mammals, 
are less susceptible to severe sepsis. 

Several cases of gene loss have been 
proposed as adaptive opportunities 
for human evolution. To look for 
potentially momentous gene losses, 
Wang et al. turned to a human 
pseudogene database. Most of the 
19,000 human pseudogenes in the 
database are “processed” pseudogenes, 
which derive from reverse-transcribed 
RNA that was reinserted into the 
genome, usually without the regulatory 
elements necessary for gene activation. 
Most processed pseudogenes never 
functioned. And nearly half of the 
1,781 “nonprocessed” pseudogenes lack 
the mutations that would make them 
clearly nonfunctional. So the authors 
focused on the 887 “nonprocessed” 
pseudogenes that had the requisite loss-
of-function mutations. 

Comparing these human pseudogenes 
with the chimp genome fl agged 83 
sequences as closest matches—assumed 
to be chimp orthologs (derived from 
an ancestral gene during speciation). 
After ascertaining that the human 
pseudogenes have chimp orthologs and 
are truly nonprocessed pseudogenes, the 
authors whittled their list down to 67. 

Most of the 80 pseudogenes studied 
(including 13 found in previous 
studies) play a role in immune 
response or chemoreception and 
belong to rapidly evolving gene 

families with species-specifi c members. 
Interestingly, mice lacking one of 
the pseudogenes, Mbl1, show higher 
resistance to sepsis and increased 
survival. Though this pseudogene likely 
spread through the human population 
too long ago to detect signs of selection 
(about 6–7 million years ago), the 
authors reasoned that if mice gained 
an advantage from losing an immunity 
gene, humans might, too. 

To test this possibility, they focused 
on another sepsis-related pseudogene, 
CASPASE12 (CASP12) that is still 
undergoing pseudogenization. In the 
nonfunctional (null) allele, a mutation 
replaces a C with a T nucleotide (called 
a C/T polymorphism), producing 
truncated, nonfunctional CASP12 
proteins. The null T allele is linked to 
sepsis resistance in humans. All non-
Africans (that is, individuals of Asian 
or European descent) carry two copies 
of the T allele, which occurs with 89% 
frequency in individuals of African 
descent. 

The authors used population genetic 
techniques to test whether positive 
selection drove the high frequency 
of the T allele. If it did, sequences 
surrounding the T allele should have 
lower variation than those fl anking the 
C allele. And that’s just what the authors 
found. While the T allele existed at 
a much higher frequency than the C 
allele in the sampled populations, it had 
far fewer polymorphisms across nine 
noncoding regions adjacent to the C/T 
polymorphism. 

Wang et al. modeled different 
demographic scenarios and 
mutation rate estimates using the 
polymorphism data to explain the 
source of the observed low diversity. 
Their simulation results “strongly 
suggest” that positive selection drove 
the spread of the T allele. Since 
non-Africans and Africans carry 
identical T alleles, the null mutations 
likely share a common ancestor, 
originating sometime before modern 
humans left Africa 40,000–60,000 
years ago. Assuming that selection 
acted on the variant as soon as it 
appeared, the allele would need 
about 51,000–55,000 years to reach 
its current frequency, suggesting that 
the adaptive pseudogenization started 
shortly before the African emigration. 

These fi ndings show that gene loss 
provides not just the opportunities but 
the means for selection to act. Since 
pseudogenization in vertebrate and 
other eukaryotic genomes is common, 
the authors speculate that adaptive 
gene loss may be as well. As the chimp 
genome sequence becomes more 
refi ned, researchers will have fresh 
opportunities to explore how gene loss 
shaped the unique traits that defi ne 
human biology—and formulate new 
hypotheses to test the breadth of a 
“less is more” strategy in evolutionary 
change.
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