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whether it has the fine-grained texture of a MEETING B R I M  
lava or i s  a coarsk agglomeration of particles. 
Pathfider is a good M.less capable than a 

: human field geologist, but color imaging from 
- the lander has already suggested that Bar- 
{ > nacle Bill is uniform. down to the centimeter 
.' scale, as expected of an andesite. 

If Barnacle Bill continues to look like an 
E 6 i t i c  lava, it could lend support to a new 

picture of Mars's geologic past. Today, Mars 
9, has neither oceans nar any signs that plate 
. tectonics is at work there. It appears to be a 

"one-plate planet,n e n d  in a single, thick 
layer of cold, irnmobilerock, as our moon has 
been for billions of years. But geophysicist 
Norman Sleep of Stanford University pro- thishygod.Kticalan~wouklbeexpected 
posed in 1994 that the great n d r n  bw- to lackscam of the fly's eight Ha genes. But 
lands of Mars, which cover one-third of the - planet and lie 3 kilometers betsat the ancient 
highlands of the southern hemisphere, are 
the martian equivalent o f a ~ e a n ~ b b .  Sleep 
proposed that they formed 3 billion to 4 bil- 

- lionye~agobytt.tesamedrifringdplaces 
still operating on Eanh. 

Sleep's proposal al bebeen conmvdal. 
"It's worth considering the cancept of $are 
tectonics on an early Me" sayai plmetq 

-. physicist h f d  Stevema d die Gaiifornia 
I Institute of Te&ology in Pasadena. But he 

adds that "it's hard to know how to tat it or 
- developa convincing theoreti&-ent," 

Andesitic laws woald certainly bdster 
?. . . : the case for phte tectonics on Mars if they 
, turned up all across the p h e t .  But finding 
1: more even at the Pathfinder site won't be 
:+ easy. Bamacle Bill was the d y  bona fide 
j rock to be cleanly analyzed in the rover's first 
;; 18 days. O p e m i d  problems, apparently ., resolved now, c a d  repeated delays (see 
,, sidebar), but the mfu; themselves are pre- 

senting challenges as well. 
jr APXS analysis of another rock, called 
r+ Yogi, at first suggested that it was more basal- .e 

L tic than Barnacle Bi& but a b r  look at the 
.-' rock face analyzed by APXS rev& what 
'', looked like a coating d dust and weathered 
z minerals, says team member Rcmald Greeley . :< 
d of Arizona State Ulrivmity in Tetage. Vi- 
-. kmg lander images htrd qd that mar- 
? tian Ioeks would have such problem coat- 
'$ (*, 19 April 1% P. 347b T'ht leaves 

the makeup of the rock itself uncertain, 
-; says Greeley. Although the APXS a d p i s  of 
-% , )  the third rock, Scooby Doo, had not k n  
;;, re1eased at press time, team members are now 
& describing it as more l i e  a crust of solidifid 
@ soil than a rock. 
3 Both the lander and rover seem to have 
,@ weeks and even months of productive work 

ahead, however, ro team members remain & upbeat about getting s bok at a lot more 
rocks. "Things are newr quite as simple as 
pm might like them to be," says Greelty, 
%ut that makes it interesclng." 

-Riohatd A. Kerr 
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ments but the head, and in the onychopho- 
ran embryo they are turned on only in the 
hindmost segment. 

To understand exactly how these organ- 
isms came to have different body plans, says 
Carroll, researchers will have to compare the 
complex regulatory regions of the Hox genes 
and the genes they regulate in many different 
species, reconstructing shifts in the timing 
and location of gene expression that may 
have altered different lineages' development. 
While this form of evolutionary tinkering is 
"more complicated" than simply duplicating 
existing genes, Grenier says, "it's also more 
exciting, because you can see the huge po- 
tential for generating diversity." 

Arraying the Fly Eye 

A fly's compound eye is one of the marvels of 
development. Because each of its hundreds of 
independent photoreceptor units, called om- 
matidia, sees in a slightly different direction, 
they have to be assembled in an absolutely 
uniform hexagonal array in order for the fly's 
brain to piece together a coherent, wide-angle 
view of the world. But just how this design is 
imposed on the eye imaginal discs, the clumps 
of undifferentiated cells in the fly larva that 
give rise to the ommatidia, has long puzzled 
biologists. In Utah, however, developmental 
researcher Ross Cagan reported studies of the 
fruit fly Drosophh mehguster that may fi- 
nally explain how the tidy array arises. 

Researchers have known for years that 

traverses the disk. "Periodic spacing patterns 
are everywhere in development, but we know 
very little about. how the placement of one 
pattern element affects the positioning of the 
other," says Don Ready, a developmental bi- 
ologist at Purdue University. "&gads d t s  
open [this] to molecular genetic attack." 

To come up with this model, Cagan's 
group started by looking at the expression of 
a gene called atonal (ato), shown by previous 
researchers to provide a signal crucial to 
ommatidium development by instructing 
one cell to become the central, so-called 
"R8  photoreceptor. As the furrow moves 
forward, other studies had shown, ato is ex- 
Dressed in the cells iust in front of it. When 
;he furrow engulfs ;he ato-expressing cells, 
ato expression is switched off again, but Cagan's 
team noticed that while this shutdown oc- 
curs immediatelv in the cells destined to be- 
come interommatidial spaces, it takes longer 
in the future R8 cells. 

Because these results indicated that the 
timing of ato expression is key to ommatidia 
differentiation, the group went looking for the 
signals that control it. They eventually found 
that as the furrow approaches, the activity of 
ato is turned down by a signal sent through the 
Ras pathway, a well-known intracellular sig- 
naling cascade. This doesn't happen right 
away, however, in cells destined to be omma- 
tidia, because the Ras signal they receive is 
apparently weakened when it meets up with 
another protein called Rhomboid. The com- 
bination of Ras and Rhomboid also induces 

during fly eye formation the expression of a pro- 
an indentation known 3 tein called Argos, which 
as the "morphogenetic i interferes with the Ras 
furrow" sweeps across pathway and further slows 
the imaginal disc from the shutdown of ato. 
back to front, leaving Argos, however, seems 
behind rows of perfectly to prevent this same pro- 
spaced ommatidia. 'The cess from unfolding in 
furrow is the transition the next row of cells. By 
from no pattern to pat- 

C I 
tagging Argos with a fluo- 

tern," says Cagan. "But rescent marker, the group 
how do you get the pat- saw that each nascent 
tern? That's one of the ommatidium squirts the 
Holy Grails of fly genet- protein forward into the 
ics." Patricia Powell and pending row. Earlier re- 
Susan postdocs Compound interest. Lingering arena, search had shown that 
in Cagan's lab at Wash- activity (green) marks the cells that Argos blocks the expres- 
ington University in St. will be ommatidia. sion of Rhomboid, so 
Louis, have now gained with that observation, a 
a handhold on that prize. model for the entire patterning pathway 

They have shown that as the furrow moves, clicked into place. 
cellsdestined to create anew ommatidium sup- When it reaches the cells of the un- 
ply a protein signal that prevents the cells im- patterned region immediately ahead of the 
mediately ahead from forming another omma- furrow, Argos inhibits Rhomboid there. That 
tidium. Instead, they form the narrow inter- blocks the signals that slow the shutdown of 
ommatidial spaces, while the cells between ato, resulting in an interommatidial space. 
these spaces, which have not received the in- Without Rhomboid, however, the Ras path- 
hibitory signal, differentiate into ommatidia. way can't make new Argos, so more distant 
These in turn release the inhibitory signal, cells in the unpatterned region don't receive 
and the process repeats until the furrow fully Argos early, allowing them to produce a new 

ommatidial field-which in turn activates 
new Argos to continue the cycle. Thus, each 
ommatidium clears the region ahead of it, 
ultimately resulting in a hexagonal pattern. 
Cagan's group is now attempting to verify 
each of these steps, by studying how the pat- 
tern is affected when various components of 
the system are knocked out. 

Organs Made to Order 

A developing organism's cells are l i e  highly 
trained orchestra members: Each carries the 
full genetic score but has to listen to cues from 
the cells around it to know when to play its own 
specific portion. Now, scientists from Japan 
have learned to administer a key cue to undif- 
ferentiated cells from newt and frog embryos, 
enticing them to play whole movements by 
growing into finished organs such as a liver or 
even a beating heart. If a similar approach can 
be made to work for mammals, it might aid 
efforts to construct replacement human organs 
from embryonic and fetal tissues. 

For the work, developmental biologist 
Makoto Asashima and his colleagues at the 
University of Tokyo used cells taken from a 
part of the early amphibian embryo called 
the animal cap, a region that normally ex- 
pands to form all the embryo's mesodermal 
(middle) tissues such as muscle and internal 
organs. Several years ago, the researchers 
noticed that low concentrationu, about 0.5 
nanogram per milliliter (nglml) of activin- 
a vrotein known to be i m ~ r t a n t  for organ 
formation in the intact embryo-in the cul- 
ture fluid caused animal cap cells to develop 
into red or white blood cells, while slightly 
higher doses induced formation of muscle 
tissue. Once initiated. these tissues' deve10~- 
mental programs seemed to run without ex- 
ternal input. "This led me to wonder whether 
it would be possible to create a complete, 
functional organ in vitro," Asashima says. 

He has accomplished just that. A 50 nglml 
dose of activin produced a notochord, a rod of 
cells along the embryo's dorsal surface that 
gives rise to much of the nervous system. A 
dose of about 75 nglml gave a heart, complete 
with heartbeat, while 100 nglml yielded a 
liver. By adding other substances such as 
retinoic acid and insulin-like growth factor at 
various points in development, Asashima also 
made a pronephr-a precursor to the kid- 
neys--and rudimentary eyes and ears. "The 
question of what purified factors can do, ex- 
emplified by the work of Asashima and col- 
leagues, is very interesting," says Hazel Sive, a 
molecular biologist at the Whitehead Insti- 
tute for Biomedical Research in Cambridge, 
Massachusetts. "Maybe if you get the right 
tissues and the right factors, you could get 
[human organs] to regenerate in a dish, which 
is what everybody really wants." 

-Wade Roush 
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