
Development Shapes Evolution 
MADISON, WISCONSIN-Once rarely considered in evolution discussions, 
development was a hot topic for researchers here for the Evolution '99 
meeting, held from 22 to 26 June. 

why M~ Bats and giraffes look 
nothing alike and live 
very different lives. De- 

Are Neck spite that, they and most 
And Neck other mammals have ex- 

actly the same number of 
neck vertebrae: seven. Generations of biol- 
ogists have puzzled over this strange con- 
sistency. Many other skeletal components 
do vary according to the needs of the indi- 
vidual organism, and the number of neck 
vertebrae can vary dramatically in other 
animals, such as birds. A swan, for exam- 
ple has about 25, while 
swifts have just 13. 
Now, Frietson Galis, a 
functional morphologist 
at Leiden University in 
the Netherlands, may 
have ferreted out the 
reason why mammals 
have maintained a 
seven-vertebra neck 
over millions of years of 
evolution. 

Based on her searches 
of the scientific litera- 
ture, she proposes that a 
serious developmental 
constraint limits change 
in mammalian neck ver- 
tebrae. As Galis reported 
at the meeting, any alter- 
ation of the genetic pro- 
gram responsible for 
generating those seven 

curs in children, mentioned that many n e w  
blastoma patients also have congenital rib ab- 
normalities. And when she m h e d  the med- 
ical literature, she discovered that others, in- 
cluding R. Schurnacher of the University 
Children's Hospital in Mainz, Germany, and 
Steven Narod of the University of Toronto, 
had also noted an association between skele- 
tal abnormalities and childhood cancers. 

Galis then learned that researchers had 
found that mouse strains tend to develop ab- 
normal ribs when one or another of the Hox 
genes, which help set up the organization of 

the backbone and other 
parts of the embryo, is inac- 
tivated. And other studies in 
mice had linked the inacti- 
vation of Hox genes or their 
regulators to cancer. For ex- 
ample, some found in- 
creased rates of leukemia 
and related cancers when 
the Hox gene regulator 
M11 was inactivated or 
when the Harb-8 gene was 
overactive; others found an 
increase in inkstid cancer 
when another Hox regula- 
tor, Cdx2, was missing. 
Taken together, these find- 
ings are making it "much 
clearer that Hox genes can 
serve a dual function," help 
ing promote cell growth as 
well as tissue organization, 
savs Narod. 

chunks of backbone Seventh (vertebrae) stretch. Most -Consequently, Galis 
greatly increases the risk mammals, even giraffes, have seven says, mutations in the genes 
for embryonic cancers- neck vertebrae. would be highly deleteri- 
those arising because ous, especially if combined 
embryonic tissue continues to proliferate in- with other mutations that lead to cancer. As a 
stead of specializing into a particular organ. result, Hox gene changes affecting neck ver- 
The constraint, she argues, operates in rnam- tebrae number are unlikely to persist, even if 
mals but not in other, less cancer-prone ani- they make a neck better suited to a particular 
mals. Gunter Wagner, a developmental biol- organism's way of life, Galis concludes. 
ogist at Yale University in New Haven, Con- Reptiles aren't subject to this constraint, 
necticut, says the proposal is "the first ratio- she proposes, because they have lower 
nal explanation for a phenomenon that has metabolic rates than mammals and are thus 
never really made sense." (The work also less likely to produce highly reactive oxygen 
appears in the spring issue of Molecular and free radicals that can damage the DNA and 
Developmental Evolution.) produce mutations that, in conjunction with 

Galis first began to consider the cancer altered Hox gene activity, lead to cancer. 
connection after a colleague who studies neu- And neither are sloths and manatees, which 
roblastomas, a type of brain tumor that arises also have lazy metabolism-and six to nine 
fiom embryonic neural tissue and usually oc- neck vertebrae. That leaves birds, which also 

have high metabolic rates, but vary their 
neck vertebrae as freely as reptiles. 

Apparently, high metabolism in birds 
doesn't exact the same mutational cost, 
Galis learned. Studies show that pigeon and 
canary cells do not generate the large num- 
bers of reactive oxygen molecules that 
mammalian cells do. Perhaps as a result, the 
cancer rate in birds is about half that in 
mammals, and most of the cancers that do 
develop are caused by viruses. 'The differ- 
ence is really striking," Galis says. 

Galis will have a difficult time proving 
that cancer risk limits the number of rnam- 
malian cervical vertebrae to seven. Even so, 
notes evo-devo biologist Jessica Bolker of 
the University of New Hampshire, Durham, 
"she's done a good job of pulling together 
some really diverse kinds of data to come up 
with a really convincing hypothesis." 

Sex and the Most of US don't even 

Single want to think about cock- 
roaches that can clone 
themselves. But evolu- 
tionary biologist Allen 

Moore of the University of Manchester in 
the United Kingdom and his colleagues 
cherish one such creature. the African cock- 
roach Nauphoeta cinerea, as an opportunity 
to learn more about why so few organisms 
reproduce asexually, even when they could 
make do without a mate. 

As Laura Corley, a former graduate stu- 
dent in the Moore lab, reported at the meet- 
ing, the roach shows that asexual reproduction 
is a hard road. Working with Moore and his 
wife, developmental biologist Patricia Moore, 
when the t e k  was at theuniversity of Ken- 
tucky, Lexington, Corley found that only a 
few N cimm females-those with the most 
varied genetic makeup-are able to qroduce 
without sex, and they generate few offspring. 

Qulte a few sexual species, particularly in- 
sects, can sometimes switch to parthenogene- 
sis, in which their unfertilized eggs develop 
into new individuals. Evolution should favor 
the process, because it allows an individual to 
pass all of its genes to each progeny, instead 
of the 50% they transmit by sexual reproduc- 
tion (Science, 25 September 1998, p. 1980). 
But even in insects that can make the switch, 
asexual reproduction is rare--posing a long- 
standing puzzle in biology. 

One reason, Corley and her colleagues 
found in N cinerea, may be that only a few f 
individuals within a species are capable of 3 
parthenogenesis. They first separated out irn- 3 
mature female cockroaches from their lab 2 
colonies to prevent them from mating. Only $ 
14% to 44% of these virgin females pro- 
duced young. The researchers then looked at g 
the genetic makeup of the females that could 
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not reproduce on their own and also that of 
the females that could aad their oi%prkg 

Theyfocusedonsixgenesthattheyfbund 
tobepo~c,meaningthattheyexistin 
several different versions. The researchers 
fouad that the two copies of each gene were 
much more likely to be different in females 
a b l e t o r e p r o d u c e ~ c a l l y t h a n i n  
other M &meu females. The single moms 
"were a my veryific subset of the popula- 
ti0QY' says Corley, who who now at the univer- 
sity of W& Madison. "It suggests that 
it5 goad to be genetically variable; it allows 
those individuals to be more flexile." 

The mearchers don't know why that is, 
althoughthey speculate that, as in somany 
other species, indfviduals I@ a varied ge- 
netic makeup are less likely to suffer from 
genetic de* tbat Feduce their vigor. A h  
all, as Corley found, parthenogenesis is a 

struggle even for roaches that can pull it off. gametes with half the genome, he notes, and 
The females reared alone produced no live thus only rarely can individuals generate 
young fiom their f i  II eggs with the full 
two batches of eggs, number qf chromo- 
and when they f d l y  somes. Thus, dnce 
did give birth, had sex evolves in an or- 
justsixorsoprogeny ganism, going back 
over- their lifetimes. toasexualreproduc- 

rslca&nWG~ 
tion becomes very 
difficult. 

have well over 100 Neither Moore 
lifetime offspring. norcorleylmowjust 
 he difference in - why, buthavingboth 
fitness is dramatic," sex is beA mi ctxhach can make dones, but sexual and asexual 
Carley notes. with a partner it produces many more young. behavior within a 
Rudolf RaE, a de- ,species should make 

ve1opment;d biologist at Indiana University, the problem easier to study, CorIey notes. 
Bloomington, attributes the poor aseKnal re- , Raff agrees: " m e  cockroaches] could be 
production to the reproductive machinery quite useful for M e r  studying this phe- 
being "very creaky." It's set up to produce nomenon." -EWMETH- 

as president of the Boston, Massachusetb 
basedAssodion of Chinese Professionals in 
Biomedicine, helped o q p k  the meeting. 

To get a closer look at what China can 
bring to collaborative ventwes, Anthony 
Fauci, dh.ector d the National M t u t e  of 
Allergy and Infectious Diseases, is heading 
to Beijing in Sephnber, and Keusch will be 
joining a group of National Science Founda- 
tion officials going to China in October. 

Biomedical Group Lobbies NIH 
A delegation of Chinese scientists, some working in the United States, is urging 
NIH to boost its funding of research in China 

LEXINGTON, MASJACHUSETTS-A~O~~~~~ Chinese scient&s helped steal U.S. nudear se 
U.S.-style lobbying techniques, Chinese acts, says Ynning Shao, an AIDS researcher 
biomedical researchers are ~ i n g  the U.S. from the Chinese Academy of Preventive 
National' Institutes of Health QVH) to sup- Mediche, who attended hth meetings. 
port a skein of c o m t i v e  projects aimed The delegation, headed by deputy ministe?. 
atadvancingscienceandmending~edre- ofpvMichealthPengYydepartedfromNIH 
lations between the two countries. with no specific commitments from the 

Last week a delegation of scientists from Americans. But b u s  offeted some encour- 
theUnitedStatesandChinamtwithtopNM agementwhenhesaidthatsciemxcanbridge 
officials in Bethesda, Maryland, to discuss politid di@mmm. And Gerald Kewch, di- 
suchideasashigh-techmethodsofm r e c t o r o f N M 5 F ~ ~ ~ o n a l ~  
traditionalChineseherbalmedicines,~h andorganizerofthegroupSvisittoBethesda, 
onhumangenetic~aschemetocreate describedthe14hdytalksasaLY.istep'~ 
agenetichockmtmouseprodWioncentedin thatmayleadto"-"-"The 
China, and AIDS way we left things," he says, "is that they 
vaccineW.The would do some thhkhg a l g t  k i r  highest 
ideas were devel- p i i o r i t i e s a n d ~ ~ ~ a b a u t o u r s . ~ '  

Prospects for collaboratim on genetic 
sbdiesarealreadygoo4aidedbyaewguide 

weekend, where 
mole than a scote SFZzi 

p. 1779). Ming Tsuang, a , 
psychiatric geneticist at 
Harvard University, an- 
d at the Lexington 
meeting that he has been 
approved to receive Sam- 
plesandthat"Sysystemis 
'working well." Since then 
at least one other tmnsfm 
h s s b e e n a p p m v e d , d  
ing to Xiping Xu, a Har- 

f tries" brought on by re- support research on tradiiional C h i i  vard School of Public 
8 cent allegations that rnediines such as the saw pdmtto. Health epidemiologist who, 
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Lastweekvamus ~~ouncexlplansto go to 
Beijing in November to join other Nobel 
laureates in celebrating the 50th anniversary 
of the Chinese Academy of Sciences. 

But Chinese scientists are eager to get 
projects moving sooner. They tried to per- 
suade Vmus dunng his visit here that NIH 
shouldinvestmore~hdollarsinchina 
Varus listened politely but made no com- 
mitments. Keusch notes that NM already 
backs sevefal majot cdlaborative projects in 
China, including a tropical diseases research 
center in Shanghai, a national study of car- 
di- disease, and AIDS prevention. 

A l ~ t t K m o o d i n ~ w a s o p b i -  
mistic, attendees acknowledged the tension 
betwxn China and the United States. Cardi- 
ology researcher Jie Wang of Columbia Uni- 
versity said he bad been questioned by an FBI 
agent in February about his involvement with 
a group of Chinese scientists interested in 
drug&- He saidhe hadigmwedthe 
incidentontheadviceofhisunive&y,buthe 
asked Vimms what a person should do if '%a- 
#byanFBIagentc~er@wonin 
" & lilres." 

Vmus lllqxdd tlxcefuuy: "Just let me 
know ... 1amreadytospeakout"The~ 
pldtheChinesescieJltists,whohopethat 
scientific co1labodn will also warm the 
climate between the two countries. . 

4 l O ' r ~  




