
advantages to U.S. research and develop- 

I t  is stated that "[tlhe most consequential result of [the National ment-apply as well to this NAS report. 
Henry I. Miller 

Academy of Sciences report on proposed policy for regulating re- Hoover Institution, Stanford University, Stanford, 
combinant DNA-manipulated plants] will be to promote unwar- CA 94305-6010, USA. E-rnail:rniller@hoover. 

stanford.edu 
ranted regulatory barriers." The question of whether limbless References 
snakes could re-evolve legs is part of a wider exchange regarding is- 1. "Introduction of Recombinant DNA-Engineered Or- 

sues of the evolution of snakes, based on the discovery of a Middle ganisrns into the Environment: Key Issues" (NAS. 
Wzshington, DC, 1987). 

Eastern fossil snake with limbs. And an imagined exchange between 2. "Field Testing Genetically Modified Organisms: Frarne- 
work for Decisions" (NAS,Washington. DC, 1989). 

a newly made immortal and John Harris, the author of a recent Sci- 3. Report from 11 professional scientific societies, " ~ p -  

ence and Society Essay on immortality, emphasizes the potential propriate Oversight for Plants with Inherited Traits for 
Resistance to Pests" (Institute of Food Technologists, 

pitfalls of such a radical change for human society and leads off a Chicago, IL. JUIY 1996). Available at www.ift.org/navi- 

series of exchanges on the matter. gatelindex.shtrnl 
4. "The Proposed EPA Plant Pesticide Rule," (CAST,Arnes, 

IA, October 1998). Available at www.cast-science. 

NAS Report 
Under Scrutiny 

In her News of the Week article "Trans- 
genic crops report fuels debate" (14 Apr., 
p. 245), Jocelyn Kaiser discusses the Na- 
tional Academy of Sciences (NAS) report 
on the proposed Environmental Protection 
Agency (EPA) policy for regulating re- 
combinant DNA-manipulated plants with 
enhanced disease or pest resistance. This 
report is flawed in several respects. 

The report is internally inconsistent 
and conflicts with vrevious reports bv the 
NAS (1, 2) and bysother prom'inent &en- 
tific groups (3, 4). Two studies from the 
Academy itself concluded that recombi- 
nant DNA techniques are merely an exten- 
sion, or refinement, of the kinds of genetic 
manipulation that have been performed for 
decades or even centuries. In one of those 
studies, the committee wrote, "With clas- 
sical techniques of gene transfer.. .we can- 
not always predict the phenotypic expres- 
sion that will result. With organisms modi- " 
fied by molecular methods, we are in a 
better, if not perfect, position to predict the 
phenotypic expression" (2, p. 13). That 
committee also made a policy recommen- 
dation relevant to the EPA's proposed poli- 
cv-namelv. that "the nature of the vro- , 

cess (of genetic modification) is not a use- 
ful criterion for determining whether the 
product requires less or more oversight." 

Nor was it only NAS committees that 
objected to the EPA approach. Kaiser men- 
tions a 1996 report by 11 scientific soci- 
eties that excoriated the EPA's approach (3), 
but she did not mention that 2 years later 
the Council on Agricultural Science and 
Technology (CAST), an international con- 
sortium of 41 scientific and professional _ groups, reiterated the former report's criti- 

5 cisms. The CAST report characterized the 
3 EPA's approach as "scientifically indefensi- 
6 ble" and said that treating gene-spliced 
5 plants as pesticides would "undermine pub- 
6 lic confidence in the food supply" (4). 

However, the committee that produced 
the present NAS report appears to have ig- 
nored the crucial aspects of its charge- 
namely, to "examine the existing and pro- 
posed regulations to qualitatively assess 
their consequences for research, develop- 
ment, and commercialization," and to 
"provide recommendations.. .for the exist- 
ing and proposed regulation" of recombi- 
nant plants with enhanced pest-resistance 
(5). Instead, it seems to have accepted the 
EPA's fundamentally flawed regulatory ap- 
proach as "given." 

How could the NAS have 
gone so far wrong in its assess- 
ment of the EPA policy? Con- 
sider the committee members. 
Members and invited reviewers 
were included who had obvious 
conflicts of interest and bias. 
Three members of the 12-per- 
son committee (Stanley Abram- 
son, Fred Betz, and Morris 
Levin) are former EPA staff 
who had helped to craft and de- 
fend a variety of process-based 
regulatory policies while at the 
agency, and another, Rebecca 
Goldburg, has produced a suc- 
cession of antibiotechnology 
tracts over the vast decade. 

orglepar-ip.htm 
5. A prepublication copy of the NAS report is available 

at http:llbooks.nap.edulbookslO3O9O693OOIhtmll 
Rl.htrnl#pagetop 

Snake Origins 
The Perspective about snake origins by 
Harry W. Greene and David Cundall, 
"Limbless tetrapods and snakes with legs" 
(17 Mar., p. 1939), misrepresents the al- 
ternative viewpoint. They support the idea 
that the limbed snakes Haasiophis and 
Pachyrhachis are advanced snakes that 
reacquired legs (Reports, "A fossil snake 

with limbs," E. 
Tchernov et al., 17 
Mar., p. 2010), 
rather than our in- 
terpretation of 
them as very prim- 
itive snakes bridg- 
ing the gap be- 
tween mosasaur 
marine lizards and 
modern snakes 
(1-3). They then 
add that "[tlhe fos- 
sil evidence sup- 
ports the notion 
that Haasiophis 
and Pachyrhachis 
are more closely re- 

Moreover, duringthe formal re- Artist's rendition of Pachyrhachis lated to terrestrial 
view process, the document was on a Cretaceous reef. Macrostomata [ad- 
reviewed by another former se- vanced snakes] than 
nior EPA official, Lynn Goldman, who had to marine mosasaurs." These juxtaposed 
been instrumental in crafting and defending statements imply that we proposed that Haa- 
the policy in question, and by an anti- siophis and Pachyrhachis are not true snakes 
biotechnology activist, Jane Rissler. but long-bodied mosasaur relatives conver- 

The most consequential result of this gent with snakes. This is not so; our interpre- 
report will be to promote unwarranted reg- tation of them as primitive snakes still views 
ulatory barriers to the development of them as true snakes, and thus as being more 
much-needed pest control strategies that closely related to other snakes (including 
can reduce reliance on chemical pesticides macrostomatans) than to mosasaurs. 
and enhance productivity. The warnings of Greene and Cundall also ascribe to us 
the reports by the 11 societies and the statement that the extreme feeding 
CAST-including decreased choices adaptations of advanced (macrostomatan) 
available to farmers for defending against snakes are primitive for snakes, and 
disease and pests, increased reliance on promptly refute it by noting that basal 
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snakes lack these features: "the greatly en- 
hanced gape ascribed to 'snakes' by Lee et 
a1....actually characterizes only that last 
subgroup of Serpentes [macrostomatans]." 
Again, however, our study (3) never assert- 
ed that uniquely macrostomatan features 
are primitive for snakes. Rather, it identi- 
fied as primitive for snakes only traits pre- 
sent in all snakes and in their nearest lizard 
relatives (3, 4): namely, the hinges in the 
middle and tip of the lower jaw (the mobile 
intramandibular and symphysial joints). 

Our study emphasized, in agreement 
with Greene and Cundall, that additional 
feeding adaptations of macrostomatans, 
such as the "pterygoid w a l k  for swallow- 
ing huge prey, and the dislocation of the 
tips of the lower jaws that enhance gape, 
are not primitive but must have evolved 
within snakes [figure 1 in (3)]. 

Finally, Greene and Cundall note that 
some evolutionary transitions are more 
likely in one direction than in the reverse 
and conclude that snakes could not have 
been primitively aquatic (because this 
would imply a subsequent reversion to ter- 
restriality, an "unlikely" transition). 

However, Dollo's sword cuts both ways: 
None of the more than 50 lineages of 
limb-reduced reptiles and amphibians have 

ever re-evolved legs, demonstrating that 
reacquisition is very unlikely. Yet, inter- 
preting Haasiophis and Pachyrhachis as 
advanced snakes implies such an implausi- 
ble reversal, which is accordingly contem- 
plated in the Perspective and Report. The 
developmental model cited as support was 
explicitly designed to explain limb loss 
(5);to assume that the mechanism is fully 
reversible and can lead easily to limb gain 
is an extrapolation with neither experimen- 
tal nor phylogenetic support. 

Michael S.Y. Lee,' John D. Scanlon,' 
MichaelW. CaldwellZ 

'Department of Zoology, University of Queens- 
land, Brisbane, Queensland 4072, Australia. E-mail: 
mlee@zoology.uq.edu.au. 2Paleobiology, Canadian 
Museum of Nature, Post Office Box 3443, Station 
D, Ottawa, Ontario K1P 6P4, Canada 
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Response 
We agree that the quoted passage erro- 
neously implies that Lee et al. (I)  regarded 
the controversial Middle Eastern fossils as 
more closely related to mosasaurs than to 
snakes. That sentence was written by the 

Science editorial staff. However, our figure 
accurately portrayed Lee et al.'s view that 
the fossils are more closely related to 
snakes than to mosasaurs. 

We did not attribute to Lee, Scanlon, 
and Caldwell any such "statement" about 
advanced snakes, but rather took issue 
with the comment (I)  that "the evolution- 
ary transition from the relatively inflexible 
lizard skull to the highly mobile snake 
skull remains poorly understood, as they 
appear to be fundamentally different and 
no obvious intermediate stages have been 
identified" (emphasis added). They there- 
by trivialized several well-documented and 
dramatic shifts in feeding biology within 
crown-clade snakes [for example, (2, 3)] 
as compared with outgroup lizards; as we 
noted in our Perspective, within the rele- 
vant literature, there is diverse and some- 
times imprecise use of the word "snake." 

Finally, contrary to Lee, Scanlon, and 
Caldwell, we carefully avoided absolutes 
such as "could not have been primitively 
aquatic" and "can lead easily to limb gain." 
At this point, published data analyses favor 
Tchernov et al.'s conclusion that Haasio- 
phis and Pachyrhachis are phylogenetically 
well within crown-clade snakes. One possi- 
ble implication is that a well-developed 
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tetrapod hindlimb evolved in those fossil 
taxa after having been reduced to a vestige 
in more basal lineages and their common 
ancestors. With regard to the purported ab- 
sence of "experimental and phylogenetic 
support," we regard recent studies of 
python limb vestiges and hox genes (4) as 
evidence for morphogenetic regulatory 
mechanisms that might be conserved in the 
absence of actual expression of complex 
features (5). And elegantly detailed studies 
have demonstrated, for example, that mo- 
saic patterns of gains and losses must have 
occurred in the evolution of pelvic and dis- 
tal limb elements among various elongate 
lizards and basal snakes [for example, (6, 
71. Reoccurrences of complex structures 
might well be improbable, but in the light 
of comparative and developmental biology, 
they are not "implausible." 

Harry W. Greener1 David CundallZ 
'Department of Ecology and Evolutionary Biolo- 
gy, Cornell University, Ithaca, NY 14853-2701, 
USA. E-mail: hwg5@cornell.edu. ZDepartment of 
Biological Sciences, Lehigh University, Bethlehem, 
PA 18015-3190, USA. E-mail: dIcO@lehigh.edu 
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Immortality, Anyone? 
I hope for John Harris's sake (as well as 
my own) that his predictions of therapeu- 
tic immortality (Essay, "Intimations of im- 
mortality," Science's Compass, 7 Apr., p. 
59) will come true soon. But I fear that his 
planned ethical controls will not run 
smoothly. In the not-too-distant future, 
one of his counseling sessions at "Telom- 
eres R Us" might run something like this: 

John Harris: Congratulations, sir! I 
hear your treatment was successful and 
that you are now a wealthy immortal. 

WI: Thank you. 
JH: Before you leave, I would like you 

to read over this contract and sign it. We 
call it Option A. 

WI [after reading the contract]: Hey! 
Wait a minute! This says that I consent to 
"Generational cleansing" after living "a 
reasonable number of years, said reason- 
able number to be determined by the Insti- 
tute of Medicine, Law, and Bioethics at 
the University of Manchester." 

JH: Isn't that acceptable? 
WI [scarlet with rage]: Are you out of 

your mind? After what I paid for this treat- 
ment? This is the biggest load of. .. 

JH: OK! OK! You don't have to sign it. I 
told you, that's just Option A. Why don't you 

read this one instead? We call it Option B. 
WI [reading out loud]: "I hereby agree 

to waive all my rights to reproduce; 
should I do so, I will have all subsequent 
immortality therapies terminated ..." 

JH: Yes. Would you prefer to sign that 
one instead? 

WI: Let me ask you a question, doc. 
What if I tell vou to take both of these 
agreements and stick them in your ear. 
What would happen to me? 

JH: Well, that's difficult to answer at 
the moment. Potentially, you could face 
some very serious legal penalties. 

WI: Is that so? Well, let me tell you, 
I'm a very wealthy man, and I can afford 
the best lawyers. So can my buddies 
who've also had this treatment. Between 
us, we can paralyze any planned legislation 
that might limit our life-spans or our re- 
productive rights or anything else you can 
think of. Do you think we're going to sit 
still and let sanctimonious zealots like you 
interfere with our hard-won immortality? 

JH: That's a very selfish attitude! What 
about all the people who aren't as rich as 
you and can't afford the treatment? What 
about all the people who can't get jobs be- 
cause immortals like you never retire? 
What are you going to tell them? 

WI: Same as I'm telling you, doc. Get 
a life! 

Michael Phillips 
Department of Medicine, New York Medical Col- 
lege and Sisters of Charity Medical System, Stat- 
en Island, NY 10310, USA. E-mail: menssana@bel- 
latlantic.net 

The search for immortality has been a 
long-term endeavor that humankind has 
pursued since the beginning of time. 
Philosophers, adventurers, and modern- 
day scientists have given their best efforts 
and mental energies to find "the key" or 
elixir that would allow many (or all) of us 
to share the "benefits" of this plateau of 
human existence. To achieve immortality 
seems to be a goal worthy of a society that 
sees itself at the pinnacle of development 
in comparison with its past history. 

I believe that this "search for extended 
life-spans" (immortality) is not necessary 
at the moment or the foreseeable future. 
Why so, you might ask? Because the no- 
tion of mortalitv that everv one of us car- 
ries through life is the engine that propels 
us to do our best to grow as better individ- 
uals. The certainty that life is short and 
time can't be wasted is and always will be 
the incentive for all the seekers of truth. 

If humankind ever, by its own means, 
achieves this so-called "immortality," I'm 
sure that individuals will find that experi- 
ence boring ...even hateful. 

Hermogenes Rojas 
E-mail: siri053@medscape.com 
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