
lems when they took a routine “snapshot” of
the meiotic process in their mice. They found
that 40% of the mouse eggs failed to assem-
ble their chromosomes neatly on the spindle
apparatus, a step that must occur for separa-
tion to take place properly. They also found
abnormal numbers of chromosomes, an
aberration called aneuploidy, in about 12%
of the eggs. “When I read that I said, ‘Zowee,
that’s really out of sight,’ ” says John Eppig, a
reproduction biologist at the Jackson Labora-
tory in Bar Harbor, Maine.

Once they suspected BPA, Hunt and co-
workers recreated the accident. They inten-

tionally damaged polycarbonate cages and
water bottles with detergent and compared the
mice in those cages with animals kept in un-
damaged cages with glass bottles. They found
the same levels of meiotic error in the mice
kept in the damaged cages. They then showed
that BPA was the culprit by adding the chemi-
cal to mouse water; it caused chromosomal
problems, though not as severe. “It’s probably
the only convincing demonstration of an envi-
ronmental effect on the frequency of aneu-
ploidy,” says Dorothy Warburton, a cyto-
geneticist at Columbia University in New
York City who has studied aneuploidy exten-

sively. “It’s a little scary.”
Although Hunt stresses that no data clearly

link BPA to human aneuploidy, she thinks the
question deserves study because the com-
pound is so widely used: Plastics that contain
it are made into baby bottles, the liners of
food cans, dental sealants, and many other
common products. More immediately, she
says her finding should cause researchers to
consider retiring their polycarbonate cages,
which naturally degrade over time. And for
her own research, this serendipitous finding
provides a powerful new tool to create and
study aneuploidy in mice. –JON COHEN
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PALO ALTO, CALIFORNIA—In an unexpected
breakthrough, an American and a Turkish
mathematician have brought the erratic be-
havior of enormous prime numbers into
dramatically sharper focus. Last week,
speaking at the American Institute of Math-
ematics (AIM) here before an audience of
50 number theorists who had been buzzing
about the new result all week, Dan Gold-
ston of San Jose State University, Califor-
nia, described how he and Cem Yildirim of
Boğaziçi University in Istanbul, Turkey, had
proven that primes get more and more
“clumpy” as they get larger.

“This is the biggest excitement that

prime number theory has seen since 1965,”
says Hugh Montgomery of the University of
Michigan, Ann Arbor. Enrico Bombieri of
the Institute for Advanced Studies in Prince-
ton, New Jersey, agreed that Goldston had
produced a “magnificent proof.”

The distribution of prime numbers—
integers that can be divided evenly only by
themselves and 1—has vexed mathematicians
for centuries. Primes may pop up in clumps,
such as the numbers 101, 103, 107, 109, and
113, or at huge intervals. One of number theo-
ry’s most celebrated open questions, the Twin
Prime Conjecture, states that “twin primes”—
those that crop up two numbers apart, such as

17 and 19 or 101 and 103—keep appearing
forever as numbers get bigger. But like much
else about prime gaps, its truth or falsehood
remains a mystery. “[Primes] grow like weeds
among the natural numbers, seeming to obey
no other law than that of chance, and nobody
can predict where the next one will sprout,”
number theorist Don Zagier wrote in 1977.

Goldston and Yildirim’s proof takes a huge
step toward understanding how “weedy” the
primes are. Earlier mathematicians had shown
that primes get sparser as they get larger. If n
is a prime number, then the gap to the next
prime will (on average) be the natural loga-
rithm of n, or log n. But no one knew how

clumpy the spacing is. Can two consecutive
primes fit into a much smaller gap than log n?
And can many primes fit into a single log-n
interval? Over the past century, progress on
the first question has been slow, and progress
on the second nonexistent. In 1965, Bombieri,
then at the University of Pisa, Italy, and
Harold Davenport of the University of Cam-
bridge, U.K., showed that gaps of less than
half the average size (i.e., 1/2 log n) occur infi-
nitely often. Later mathematicians whittled the
1/2 down to 1/4. But that was like saying
weeds grow a little bit less evenly than planted
flowers, when every gardener knows that they
grow in haphazard clumps.

The new proof answers both of the above
questions in a single stroke. It shows that the
shortest gaps between primes continue to
shrink relative to the average gap (although,
unfortunately for twin-prime aficionados,
they could still be much longer than 2).
What’s more, there is no upper limit to the
number of primes that can squeeze into the
space “allotted” for one.

“I never thought we’d get this result in
my lifetime,” says Goldston, who has been
working on prime gaps for 20 years and with
Yildirim for 3 years. As recently as last fall,
the two were still trying to achieve tiny im-
provements to the Bombieri-Davenport esti-
mate and losing hope that they would suc-
ceed even at that. The key breakthrough
came after Goldston discussed the problem
with Roger Heath-Brown, an Oxford num-
ber theorist who was visiting AIM.

“We basically had the right blueprint, but
we had the wrong tool,” Goldston says. With
a new “approximate” or “truncated” prime-
pair detector, the formulas they had slaved
over for 3 years suddenly became simpler—
and vastly better. Goldston announced the
new results at Oberwolfach, Germany, on 
13 March. Says Heath-Brown, “This is some-
thing we’ve been wanting to do for 100 years,
and it just came out of the blue.”

Number theorists say the new approach
may also solve a standing problem on large
prime gaps, for which the late Hungarian
mathematician Paul Erdös offered a prize of
$10,000 (Science, 5 April 2002, p. 39). As for
the twin prime conjecture, Goldston doubts
his method can be pushed so far. However,
other experts say it’s conceivable. “We have
more mathematicians than ever thinking
about these things,” says Brian Conrey, direc-
tor of AIM. “We’ve seen that we have the
power to find gems that were missed the first
time around. Who knows what else we have
missed?” –DANA MACKENZIE

Dana Mackenzie is a writer in Santa Cruz, California.
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Fast track. Studies of clumps and gaps in the distribution of prime numbers have been stalled for

decades, but a new approach may give the field a jump-start.
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