
opmental processes which have occurred in specific product or products, which must dif- Speciation and 
the two masses of tissue." Waddington sug- fuse out from the locus of activity of the gene 
gested that the terms epigenetic constitu- and in turn cause (or affect) further physio- Centromere Evolution 
tion or epigenotype be used to refer to the chemical changes. In the course of one of 
"set of organizers and organizing relations these chains of reaction, that has its origin in A NEW MODEL FOR M E  ORIGIN OF SPECIES IS 
to which a certain piece of tissue will be an individual gene, there will be many oppor- proposed by S. Henikoff and co-authors in 
subject during development." These terms tunities for interaction with other chains of their review "The centromere paradox: Stable 
in hand he then urged that we consider reaction present in the complicated mixture; inheritance with rapidly evolving DNA" 
"the appearance of a particular organ [as] thus, the reactions will really form a kind of (special issue on Epigenetics, 10 Aug., p. 
the product of  the genotype and the multi-dimensional net, rather than a simple 1098). Referring to the research in Drosophi-
epigenotype, reacting with the external en- chain. The final phaenotqpic manifestations la to illustrate their idea, Henikoff et al. sug-
vironment." Thus, in this manner, lie at the ends of the net furthest removed gest that concerted evolution of centromeric 
Waddington drew the original concept of from the inner gene ends, and their quality satellite DNA and the centromeric histone 
epigenesis closer to those of genotype, depends upon the character and seength (in- protein centromere identifier (Cid) in isolated 
phenotype, and development. cludmg speed) of all the intermediate reac- populations should result in a loss of compat- 

With regard to the quotation from Wright tions and interactions (3,1938, p. 588). ibility between these elements in the hybrids. 
that Rubin mentions, I would also agree. We C.-TINC WU This should lead to chromosome nondisjunc- 
must keep in mind the context in which a Depar tment  o f  Genetics, Harvard Medical  tion (the failure of homologous chromo- 
gene works and that, as we broaden our un- School, Boston, MA 02115, USA. E-mail: t w u  somes to segregate properly during meiosis) 
derstanding of the gene, the boundary of the @rascal.rned.harvard.edu in the hybrids, and their sterility. Therefore, 
gene might become less obvious. By way of References and Notes "speciation is an inevitable consequence of 
thanks, I append a quotation from a paper 1. C. H.Waddington, An Introduction t o  Modern Cenet- centromere evolution." ics (Allen & Unwin, London, 1939).pp. 154-156. 
published by H. J. Muller in 1938. Its focus, 2. -, Endeavour 1.18 (1942). The authors suggest several tests for 
the phenomenon of position effect, differs 3. H. j. Muller, Proceedings of the 15th International their model, but there is a simple test that 
from the issue addressed by Wright, but its Physiological Congress, Leningrad-Moscow, 1935 should be definitive. If the model is cor- 

(State Biological and Medical Press, 1938), pp.
flavor seems reminiscent of Wright's message. 	 587-589. Reprinted in Studies in Genetics: The Se- rect, then the genes for hybrid sterility 

lected Papers o f  H. J. Muller (Indiana Univ. Press, must be located predominantly at cen- 
Bloomington, IN, 1962),pp. 137-140.In the production of phaenotypic effects 

4. 1 thank M. Green at t h e  University of California, 
tromeres or the sites of Cids (or both). 

the gene must begm by interacting with cel- Davis, for alerting me t o  Waddington's 1939 discus- Alas, the mapping data from Drosophila 
lular substances so as to produce a highly sion of epigentics. and mouse indicate that they are not. 
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In formulating their model, the authors 
appear to have overestimated the role of 
chromosome nondisjunction in hybrid 
sterility. This type of malfunction of the 
chromosome segregation machinery ac- 
counts for only a minor part of gametogenic 
failure in hybrid animals. The major causes 
are the inability of hybrid germ cells to en- 
ter meiosis or to proceed through meiotic 
prophase. Another cause of hybrid sterility 
is the formation of nonfimctional gametes 
resulting from disruptions of the process of 
postmeiotic modifications (I). None of 
these events is associated with chromosome 

=. nondisjunction. Thus, apparently DNA 
satellitelcid divergence takes place after the 

O speciation event and is a consequence 
W' rather than a cause of speciation. 
8 
% PAVEL M. BORODIN 

Institute of Cytology and Genetics, Novosibirsk 
2 630090, Russia. E-mail: borodin@bionet.nx.ru - : References and Notes 3 1. 1. Forejt, Trends Genet. 12,412 (19%): I. A. Coyne, H. 

A. Orr, Philos. Trans. R. Soc London Ser. B. Biol. Sci. 3 353,287 (1998). 
.L 

8 ' 2 Response 
5 BoRoofN RAISES THE IMPORTANT ISSUE OF THE 
$ connection between hybrid sterility and sex 
a chromosome nondisjunction that we dis- 

S C I E N C E ' S  C O M P A S S  

cussed in our review. He points out that velopment (5). Therefore, both nondisjunc- 
nondisjunction is not expected to result in tion-and sperm dysfunction would result 
spermatogenic failure. However, the actual from unequal pulling on X and Y cen- 
shution is more complex. In Drosophila, tromeres. 
nondisjunction of the XY pair caused by al- Borodin also questions the agreement of 
teratioh in centromeric x heterochromatin our model with current mapping data. How- 
is correlated with failure of sperm develop- ever, in established species, such as those 
ment (I), and failure occurs cited by Borodin, mapping 
whether or not the X and Y of a locus involved in an 
chromosomes had been initial speciation event is 
paired at meiotic prophase complicated by the accumu- 
(2). To explain these puz- lation of complex secondary 
zling observations, McKee hybrid incompatibilities (6). 
and colleagues (3) have pro- These secondary incompati- 
posed the existence of a bilities would be indistin- 
meiotic checkpoint that guishable fiom the primary 
aborts spermatogenesis ~ h ,  ,Mromeric prein cid is one. TO map primary specia- 
when proper orientation of revealed by antibody labeling tion loci, one should use 
the Centromeres is not (green) in these Drosophil a incipient Species, SUCh as the 
achieved. Metaphase check- melanogaster prometaphase 150,000-year-old ~ogot 'a 
points that monitor tension chromosomes. population of Drosophila 
on spermatocyte kineto- pseudoobscum (6). In this 
chores (the attachment point of microtubules case, very few incompatibilities were detect- 
to the ~ntromere) are well known (4, and ed. As Borodin suggests, we expect that an 
unequal pulling on X and Y centromeres initial hybrid sterility determinant should map 
should trigger such a checkpoint. The opera- to the cid gene encoding the centromeric 
tion of an early checkpoint is consistent with histone, or to another gene that alleviates 
postmeiotic defects, because failures in the unequal pulling on centromeres. Candidate 
-mlY steps of meiosis can cause sperm dys- prot&m that might deviate this imbalance in- 
function at much later stages of gamete de- clude the Dmsophila DNA binding protein 
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Prod, which binds to a species-specific satel-
lite DNA during mitosis (7). Another is the 
protein encoded by the Drosophila mauri-
tiana hybrid sterility gene, Odysseus, which 
might affect centromere imbalances by bind-
ing to satellite DNA through its adaptively 
evolving homeobox sequence (8). Because 
such proteins from one species will become 
incompatible with multiple centromeres from 
the other species, we do not necessarilyexpect 
that hybrid sterility will map to any particular 
centromere.Therefore, the simplest test of our 
model is the examination of Cid and other 
candidate proteins in incipient species. 

STEVEN HENIKOFF,~KAMI AHMAD, HARMIT5. MAUK 
Howard Hughes Medical Institute, Fred Hutchinson 
Cancer Research Center, Seattle,WA 98109, USA 
*To whom correspondence should be addressed. 
E-mail: steveh@fhcrc.org 
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Tapping Science's 
Women for the Podium 

O N E  O F  THE FINDINGS FROM THE SALARY A N D  

job survey of life scientists conducted by the 
American Association for the Advancement 
of Science (publisher of Science) was that 
women scientists were less satisfied in their 
work than their male counterparts in a num-
ber of areas including job security, salary 
and compensation, promotion opportunities, 
and prestige ("General contentment masks 
gender gap in first AAAS Salary and Job 
Survey" by C. Holden, 12 Oct., p. 396). 

For any scientist's career advancement, 
visibility is critical. A resource for meeting 
organizers that helps this issue for women 
biologists is the Speakers Resource Bureau 
(SRB) (accessed at www.ascb.org) 
established in 1997 by the Women in Cell Bi-
ology Committee of the American Society 
for Cell Biology. The SRB members are 
accomplished women scientists who have 
volunteered to provide advice to meeting 
organizers in selecting women speakers from 
a large number of different scientific fields, 
even beyond those usually considered to be in 
the area of cell biology, who are skilled at 
communicating about those disciplines. 
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nt research and projects ~nthe fields of information 
awards is to ensure that these projects are carr~ed 

ess in the aforemenfioned fields and should 

resent their projects either 
pted from researchers and 
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The economic aid oackaaes for these awards are as-follows: 
First prize - 3 0  million pesetas (180.303 Euros). 
Two spec~alprizes - 1 0  million pesetas 160.101 Euros) each. 
These should be used pr~nc~pallyto ensure that the research IS s u c e e s s f u ~completed according to  agreements reached ~neach case. 
Prolects should be sent before the 31st of March 2002 to 

CONSEJO GENERAL DE LA ONCE 
Secretaria de 10s Prernios lnternacionales ONCE de ItDen Nuevas Tecnologias para Ciegos 
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R. Fontecha, Adviser t o  the ONCE General Counc~l.Alternatively, please v~si tthe follow~ngweb site: w .once .es /R+D 

Through their knowledge about their senior 
and junior, U.S. and international women col-
leagues, SRB members provide a way for 
meeting organizers to tap the talents of many 
scientists who might otherwise have escaped 
notice. And for the speakers, such opportuni-
ties and visibility can contribute to greater 
job satisfaction. 

SANDRA MASUR,' CAROLINE M.KANE' 

'Department of Ophthalmology and Cell 
BiologyIAnatomy, Mt. Sinai School of Medicine, New 
York, NY 10029-6574, USA. E-mail: sandramasur 
@mssm.edu.ZDepartmentof Molecularand Cell Biolo-
gy, University of California, Berkeley, CA 9472C-3202, 
USA.E-mail: kanecm@uclink4.berkeley.edu 

CORRECTIONSAND CLARlFlCATlONS 

PERSPECTIVES: "Where has all the carbon 
gone?'by S. C. Wofsy (22 Jun., p. 2261). 
The first sentence should have read, "Emis-
sion rates of C02from combustion of fossil 
fuel have risen almost 40% in the past 20 
years, but the annual increase in the atmo-
sphere has stayed level, or even declined 
slightly." And the end of the last sentence of 
the figure legend on p. 2261 should have 
read, "...20 to 40% of U.S. fossil fuel emis-
sions," not 20 to 40% of fossil fuel emis-
sions worldwide. 
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