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GENETIC DISEASES blunts the sickling effect of the mutant hu- 
man gene. 

Mutant Mice Mimic Human ' .  
h e  groups partially overcame that 

problem by using a "supersickling" version of 

Sidde Ctskl- Anemia the human k lobm gene with several muta- 
tions. It produces a hem~plrinthat induces 
sic@ing even in the presence of mouse 

this age of research, a new disease Einstein al lege of Medicine in New,York ' : - .- 
gene seems to be discovered almost every Ciw, the new mice will be "id-Men 
week--each one carrying its own promise of for testing drug id gene-therapy , w e -  
a cure. But even as researchers bag more and gies for controlling the disease. F d h  
more of the genes at fault in hereditary dis- Bunn of Harvard Medicd S c b d  &I h- 
eases, sickle cell anemia stands as a sobering ton, im authority on h e m o g l o b b d i m  . 

. reminder that-just identdying a mutant gene agrees, calling the models "a criticglly.im- 
doesn't necessarily mean the problem is portant advance." 
solved. The mutation that causes this pain- Unti lrecent ly ,xweadxn~Sidde-  
ful, debilitating, and eventually fatal disease cell disease and looking far new dxmpies 
has been known for 50 years, yet there is n~ had ta  +t &eir experheats an red g iobk  KWE &ae mice were useful for 
cure and few effective treatments for the blood cab ftom sickte-celi patients. But all sadyiq s 0 z n ; e . W  af ftf &ease, some 
hundreds of thousands of people m a d t h e  ' checomplextigsue~etiohs~figure in r e s e a t c h e r s h c m v k e d  &at "we just 
world born with the wnctitiool each  yea^ But the + couldi2.t be d e d  iri the test can't hve.&y rtmwe &bins at a& to make 
new results described in rhis issue.wq heEp tube, nor could the h11 range of possible dx r i g h t , ~ h i s i c W ~ U  d W , "  says 
change that. treatmentshe testad. "We obviously needed Mohsa N& a m&of the LBNL team. 

On pagm 873 and 876, two tqmY one an animal model," says Townes. For &ei~ &15, -then, both the T m e e  
headed by Tim Towns of t b ~ ~  of To try to create such models, several re- and Rubh teams dsdided to eliminate com- 
Alabama, Bkmtngham, &r .lsy search teams in the late 1980s and early pletely the mow a- and B-globin genes, 
Ed$ Rubin at Lamace l la xi^& 19% i n d u c e d  the mutant gene that which make hemoglobin in adult mice, in 
Laboratary in Berhby, Catif& rem caw sickbell disease into mice, although addition to i n d e i n g  a complement of 
that they have created muse m&ds d f t  their & weren't completely d l .  human genes in* the sickling mutant 
sickle cell anemia that closely mimic the, The a m a t i ~ ~ z  underlying the C O R ~ & ~  is a form ofhmnanf$gl&in. Qlris PBsztg, then a 
human disease. As aduks, these chang~ sf- base,m &e gene that codes postdoc with Rubin and Narla, and Tom 
only the disease-musing, mutant h ~ a ; f - b e -  h &globin, a proteiwd.lac cxm&ms wk& Ryan, then a postdoc with Tomes, both set 
moglobin, which c l u ~  togxghe wlrePy%&, i P a ~ I a i ~ h , ~ m n d r e l g i & e ~  out do do this,knom to& other. - 

- By4yi995, R y a n g s a d W  "knock- 
~wt"Dnlce.that were missing t& kglobin 

rhe*+lch genes. When the two 
w of eagh others work, Paspy 
a d  *less m m ~ t i n ~ e ~  to 

;*:*rhe*teamhactalreadyp 
q&&*&*eatKi 

, e e q a W d K o w o ~ ~ w i r h e a c h  
t h e p r ~ a f d x w m m x s  
m i c e 4  had c~ea~eB 

-4 he d human a-globii 
a ~b mw*-3&+4&&&: - aad+.-thu$caaBg~gene~. 
W r e d M o o d ~ ~ m a ~ ~  " 7 I . Tb keep & t%su1- transgenic mice 
mc~use,whilettreaneatrightgtwaRsfhar~ km tfirua$ of sicklecell disease befmee rfEey 
quences of the sidding: The-WM,; ; bom, the meadqm ineoduced 
~ d o g b l o o d ~ ~ ~ t i s s u e ~  ,+-, m e m  sex of human gene..EfPe humans, 
age in the kidneys of the mutani nbce. . .; 

. A*.; 

not bound to oxygen, distorting red W 'i 
I cells into a sickle shape. The animats &a. :. 

seem to have the same dismal aaay ofw 
toms as human ' su f fm.  They develop se- - , ,  + - "  e * +  i-,r e .&,.i(.r--r 

vere anemia as a result of the premature b i n m d e c & h t & e ~ ~ e u r b l d .  
death of the abnormal blood cells. Their If just one of an indiyidud's ~ w o  B.globin 
blood vessels become clogged with sticky, genes carries this mutation, the person if the d& mice switched to malting &e 
sickle-shaped red cells. And their organs doesxi't get sick be- the good hemogle sic- &: of addd b a n  
&ow damage from the resulting oxygen and bin keep, the rd qelb &om s- Simi- midway ,$my& gestation, &eq wddn' t  
nutrient starvation larly, d e f y  researchers put v+&orps m b t  mtviye be h- " ~ c ' ~  t4wm.h ' 

As a result, says Mary Fabrg, who works f&dx&wnan &&bin gene into mice, switch like. humans," aaps :T&- 4% che 
on other sickle cell mouse models at Albert hey .fjjuiui that the normal mme gtobin teams in* m$mdtttaa;ran W globin 
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genes into their mice as insurance to get the 
mice through fetal development. 

That  move was a bit more successful in 
Ryan's mice than in Phszty's: Ryan's mice 
make human fetal hemoglobin until after 
birth. whereas Phsztv's mice turn off the hu- 
man fetal gene before birth, causing many of 
them to suffer severe sickling just hours af- 
ter they are born, and die. But the surviving 
mice from both labs show a fuller c o m ~ l e -  
ment of sickle-cell symptoms than earlier 
mice. They have much more severe anemia 
and also much more infarction, tissue death 
resulting from clogged blood vessels. "In Dr. 
Phszty's model, we are actually seeing infarcts 
much more frequently than in other mod- 
els," says Elizabeth Manci, a pathologist at 
the University of South Alabama Medical 
Center in Mobile who has studied human 
sickle-cell disease and the mouse models for 
many years. 

Researchers can use the mice to study the 
changes in the red-cell membranes that  
make them stick to blood vessel walls, says 
Bunn, and perhaps devise new strategies for 
blocking the process. What's more, unlike 
earlier mouse models that used supersickling 
P-globin, the new mice have exactly the 
same mutant P-globin (known as pS) as the 
vast maioritv of humans with the disease. , , 

notes University of California, San Fran- 
cisco, biologist Y. W.  Kan, a pioneer of re- 
search on  hemoglobin diseases. That ,  he 
savs, makes them ideal subiects in the search 
fo; drugs that may inhibi; the hemoglobin 
clumping that causes red blood cells to sickle. 

Bunn notes that one of the most promis- 
ing ways to block sickling is to keep the nor- 
mal fetal globin genes switched on after birth, 
to  provide a source of normal, antisickling 
hemoglobin. One drug, hydroxyurea, has al- 
ready proven effective at keeping the genes 
active: but researchers hone-to find better 
ones. "The fact that this current mouse 
model expresses fetal hemoglobin during 
fetal development, with a switch to adult 
Ps-globin," Bunn says, "opens up the oppor- 
tunity to expose these animals to various 
agents, to  ask which ones may [prolong fetal] 
globin expression." 

The Berkeley Lab and Alabama teams 
haven't compared their mice side by side yet, 
but it is already clear that the disease progresses 
somewhat differentlv in each one. That. too. , , 

could be an asset; each may have particular 
strengths and weaknesses for testing therapies. 
"Having more than one model is a tremendous 
advantage" for double-checking the effec- 
tiveness of any experimental treatment, says 
Marie Trudel of the Institut de Recherches 
Cliniques in Montreal, who created some of 
the earlier mouse models. Perhaps this multi- 
plicity of models will usher in a better array of 
treatments for sickle cell patients. 

-Marcia Barinaga 

HUMAN EVOLUTION 

Y Chromosome Shows That 
Adam Was an African 
I n  the beginning, there was mitochondrial 
Eve-a woman who lived in Africa between 
100,000 and 200,000 years ago and was ances- 
tral to all living humans. Geneticists traced 
her identity by analyzing DNA passed exclu- 
sively from mother to daughter in the mito- 
chondria, energy-producing organelles in the 
cell. To  test this view of human origins, scien- 
tists have been searching ever since for Eve's 
genetic consort: "Adam," the man whose Y 
chromosome (the male sex chromosome) was 
passed on to every living man and boy. 

Now, after almost a decade of study, two 
international teams have found the genetic 
trail leading to Adam, and it points to the same 
time and place where mitchondrial Eve lived. 
~escr ibed  this month at a 
symposium on human evo- 
lution at Cold Spring Har- 
bor Laboratorv in New 
York, the genetic trail is so 
clear that it allows research- 
ers to compare the migra- 
tion Datterns of men and 
women tens of thousands of 
years ago (see sidebar). It 
even pinpoints the living 
men whose Y chromosomes 
most resemble Adam's: a 
few Ethiopians, Sudanese, 
and Khoisan people living 
in southern Africa, includ- 
ing groups once known as 
Hottentots and Bushmen. 

California, Berkeley, announced that they had 
found our mitochondrial ancestor. They had 
compared mitochondrial DNA variants found 
around the world and traced a common ances- 
tor by sorting out the variants on an ancestral 
phylogenetic tree. But Eve ignited fierce de- 
bate, as some scientists challenged the methods 
and assumptions used to place her in Africa 
from 100,000 to 200,000 years ago (Science, 
14 August 1992, p. 873). Even if the Wilson 
team was right-and intense debate contin- - 
ues-"the mitochondrial DNA is just one gene 
lineage," says University of Michigan, Ann 
Arbor, paleoanthropologist Milford Wolpoff. 
Different genes might trace back to different 
ancestors on a different continent. 

The only way to test 
the story of mitochon- 
drial Eve was to trace the 
ancestry of other genetic 
lineages in the nucleus of 
the cell to see if seDarate 
lines of evidence also led 
back to African ances- 
tors. And the obvious 
dace  to start was the Y 
chromosome, which is 
passed from fathers to 
sons and therefore pro- 
vides an  independent 
test of the mitochon- 
drial Eve hypothesis. 
The bulk of the Y chro- 
mosome remains un- 

The findings, by teams Son of Adam. Y chromosome links changed through genera- 
based at Stanford Univer- some Ethiopians to a genetic "Adam." tions, except for rare mu- 
sitv and the Universitv of tations hidden in regions 
Arizona, are the latest in a series of genetic 
studies that point to Africa as the recent birth- 
place of modem humans-people who then 
spread around the world and replaced other 
human populations. "It's very comforting to see 
the Y is giving us the same picture as mitochon- 
drial Eve," says molecular anthropologist Mark 
Stoneking of Pennsylvania State University in 
University Park, who was part of the team that 
identified "Eve" as an African. "There's no  
doubt that there's some clear event of modem 

- 
that don't code for proteins. By comparing 
variation at the same site in different indi- 
viduals' DNA (known as polymorphisms), 
geneticists can sort out which populations are 
most closely related and then build a phyloge- 
netic tree that traces the descent of men, just 
as the mtDNA traces the descent of women. 
And by using average mutation rates for 
nuclear DNA, they can estimate how long ago 
particular mutations appeared, and thus how 
long ago each limb of the tree branched off. 

humans coming out of Africa." Now the ques- :k:ching the branches of a Y chromo- 
tion is whether the wave of modem humans some tree has been ~ainstakinelv slow. how- - ,  
from out of Africa completely replaced the ever, because few polymorphisms in the Y 
people on other continents, or whether there chromosome had been found (Science, 26 May 
was some interbreeding. 1995, p. 1183). But new tools to speed the 

In science, unlike the Old Testament, Eve detection of variation in DNA sequences 
came before Adam-specifically, in 1987, have recently given a boost to research on the 
when Stoneking and other researchers in the Y. One big break has come at Stanford Uni- 
lab of the late Allan Wilson at the University of versity, where biochemist Peter Oefner and 
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