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The most ampelling evidence 

for monde1ic expression of the IL-2- 

Expansion of the Allelic gene comes from-an allelediscrimhthg 
reverse transcriptase-plyanefa~e chain re- 

Exdusion Principle? action (RT FCR) analysis of the L-2 
mRNA in single, activated CD4+ T cells. In 
these experiments, the two alleles are distin- - guished by a polymorphiim. Hollinder et al. 

Andrew Chess observe that individual cells conrain either I 
maternal tmxri@ts or paternal tranmipts, 
and do nat o w e  any cells expressing 
both alleles. It will be interesting to see - 

Cells normally have two copies of a u t d  signals, the IL-2, gene has been &tensively whether future experiments demonmate 
genes, one inherited from the mother and studied as a d e l  for how distinct eignal that mmoalle1ic expression is an absolute 
one from the &r. Fat mtxt genes, bosh transduetion pathways can be integratedhm phenomenon in CD4+ T cells. Ahin& 
copies (or alleles) are used by the -11, but for a specific tramcripti~nal repnee ((5). The tively, certain T cells may express both de- , 
certain genes, cells rand& select only one extremely tight regulation of the L 2  gene les. This w ~ l d  be similar to the ask of the 
allele to encode RNA and protein for that has been explained by the cooperative bid- LY49 NK celi recepmr gene, which was first 

' 

gene. For various cells of the immune system ing of transcription factors regulated by a va- observed to be strictly monoalle~ic but sub- 
and far newom this so-called riety of signaling pahways. All of the mxa- sequently proved to be expressed firom both 
monoallelic ekpmsbm is one of the mecha- sary factors must be present for any oftheara to alleles in some cells (8). 
nisms ensurinEf that a single kind of receptor. bind, leading to an da-nothing effect on Also consistent with monoallelic q r e s -  
is dklayed on the sulfisce of each celL For transcription (6). There is also evidence &t sion of the IL-2 gene is the observation that 
example, each B cell laus€ produce a single changes in the chromatin structure of&'&.- the gene replicates asynchr~na*~ Asyn- 
antibody fbm the ,atxemely large 2 gene are itnportan't for its (7). chronous replication is associated with vari- 
n u m k  of possible ~ h d h  that could be ' Hollinder et nl. present a number of o b  ous modlelically expressed genes includ- 
made. A d l  chamcterized, wm$ex DNA servations that are consistent with mono- ing the olfactory receptor genes, ~~ 
reafiangement mAchtdnism 1 4  to the ex- 
pression of this single, spec& antibody; a 
key aspect of this mechanism is tttat it results 
in the m ~ e l i c  e w i Q n  of each ex- MONOALLELICALLY EXPRE pressed immmbh gene. 33is phenom- 
enon is d d  alIe1ic wclusian, a particular 
type of rimn&lic expression where r i a  
only is the aher dlek not &, but , 
athergenesfromthesameWyaretumed 
offaswell(1). SimiIarly,'I'=&aad- 
cells expressiag natural Idler (NK) cell re- . . 
ceptor genes (2) use d l e k  exclusion to w i t h r e s p e c t t o p d .  
maintain each cell's spec&icy. . hdividual bgaoy, However, it has 
neurons of the olfactory system ext;rcess only nbt h.p9ssible to de- 
one of a family of olfactory rwepmfs-ugii;y?. 
mechanisms that also result in all& exclu- inice express IL-2, &reas nearly all CD4+ a c o r r e h  be- early (or l e )  m&ca- 
sion (3). Now, a report on page 21 18 of dlis cells from wild-qpe mice do so. In addi- tion and e c n s  becaw 
issue by Holhder et d (4) k r i b e s  tion, Holliiaderst al. llsed interactive laser receptor gems are only 
monoallelic expression ofthe mouse gene en- cyrometry to um@e relative levels of postmitotic cells. Whether the epliat&a 

* 

coding interleukin-2 (L-21, an important IL-2 production in in&&, actimd w h y  of the 1L-2 gene is randoEn with 
immtmomdtory cytokhe e x p r d  and CD4+ cells from IL-V, IL-2+f, and and-2+1+ respect to parental legacy at3d qxdated 
d by most activated CW+ T ceUs (5). mice. The IL-2"-& &dl into a bimodal dis- with transcription is hot yet b. 
In contfast to the diverse protein which are oibution; half the ceb have a fluorescence ' The thing of repliatim for the 1 6  
mondeaically cxpmsd, It.12 is not a r e  p d e  similar to &e IL-2+/+ cells and the * c p  pow receptor genes has not been ex- 
ceptor and its expression does not confa a other have a pro& sirnilat to the L-2-'- terisiwly analyzed. The mmse immunogb 

' 

cell-specific p h m .  How + &- cells. These *-me axisisteat with Win. heavy chain (lgH) constant ny&m 
allelic mmsaiption fit into the p i e m  of the monoallelic .dh &2 gene, but gene is s y n u y  replicating (9). This " 
ce@tionofdiell2geneand&ebid@d t b e y m d d ~ ~ ~ h + o ~ d ~ o f  c o u L l n R e c t + e p x e d o ~ o f t & ~ ~ -  
function of IL-2? - b c t 4  negative fewback mechmim 

The IL-2 gene i s  coocclinate~ regulated by , in 2:egulath-g delic ewzlusion in immuna- 
T cell receptor signaling and ocher signals ~~ mes. Alt-dvely, other ifiw of 
from accmmy mqxors. Because its m- aitid cbmhdd i e d  d L - 2  is reached It is the I& tams m y  revd  aqmchrmcwrep 
scriptional regulation depends .on multiple W e f o r e  p&le that even if btion. EOP $en& Blrhere asynch- rep- 

,d l i c a  , the asynebmy i s  o b  
a contzibution from rme dele cwl$ to served In e m ~ m i c  cells anQ in ddt cells 
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in all cell types, irrespective of tissue-spe- 
cific gene expression. If the asynchrony of 
replication of the IL-2 gene is also present 
in cells other than T cells, this would indi- 
cate that before T cell development, one 
IL-2 allele is rendered unavailable for fu- 
ture activation. 

All other known examples of random 
monoallelic expression of autosomal genes 
(immunoglobulins, T cell receptors, olfac- 
tory receptors, and LY49 NK cell receptors) 
involve genes encoding diverse receptors in 
systems in which receptor expression is re- 
stricted so that cells have distinct specifici- 
ties. In all of these cases, monoallelic ex- 
pression is a fundamental aspect qf the tran- 

scriptional restriction of receptor expres- 
sion. Why would the cytokine IL-2, which is 
expressed in most activated CD4' T cells be 
expressed monoallelically? Interestingly, 
both IL-2 and the IL-2 receptor are ex- 
pressed during thymocyte development 
around the time of establishment of allelic 
exclusion in T cell receptor genes. For ma- 
ture T cells, the well-characterized integra- 
tion of signal transduction pathways by the 
transcription factors could account for the 
observed regulation without having to in- 
voke monoallelic expression (6). Thus, 
monoallelic expression may reflect a new as- 
pect of the regulation of IL-2 gene expres- 
sion, perhaps one involving an interplay be- 

tween nuclear architecture and chromatin 
structure ( I  0). 
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Planning for Biodiversity 
Stuart L. Pimm and John H. Lawton 

A t  present, species are going extinct at a rate 
100 times the natural background rates ( I ) .  
The readily observable destruction of habi- 
tats such as the Amazon (2 )  and the now- . . 
calibrated relationship between habitat loss 
and species loss (3) predict that these rates 
will only get larger. Only -5% of the planet's 
land surface is in reserves that are ~rotected 
to one degree or another (4). If human activi- 
ties destroy or greatly modify the remaining 
95% of the land, only half the planet's spe- 
cies would survive in the protected 5%, the 
other half would go extinct. (See related 
commentary on page 2060.) 

The most vulnerable s~ecies-those 
with the smallest geographical ranges-are 
not distributed randomlv. Nature has ~ u t  
her eggs in a few baskets-hotspots-where 
these rare. endemic s~ec ies  are concentrated 
( 5 ) .  By a cruel twist of fate, current rates of 
deforestation appear to be highest in the 
richest hotspots (6). If humanity placed re- 
serves judiciously over these special places, 
could we save a greater fraction of species 
( 7 )?  Two reports from southern Africa, one 
on page 2106 of this issue, and a third from 
North America, on page 2126, describe the 
challenges involved and conclude that the 
solution is not so simple. 

Globally, reserves are allocated poorly. The 
reserves that are larger than 100,000 km2 are 
high mountains, tundra, and the driest deserts, 
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areas not particularly species-rich (4). 
Hotspots such as Madagascar and the Philip- 
pines protect less than 2% of their land (4). 
The same is true in the Aleulhas Plain. the 

u 

southern tip of Africa and one of the world's 
hottest spots for plants. Here, some 1500 km2 
(half the size of Rhode Island) house 175 1 spe- 
cies; although most of the state forests and pri- 
vate nature reserves are coastal, most of this 
region's 99 endemic plants live inland. 

Lombard et al. (8) asked: Where should 
new reserves be situated to protect the maxi- 
mum number of species at minimum cost? 
One aspect of their analysis is purely a matter 
of biogeography. Computer algorithms select 
sets of cells (which represent subsections of 
land) according to their complementary spe- 
cies composition. These can be designed so 
that a set of cells captures either as many total 
species or as many rare species as possible (see 
the diagram) (9). Lombard et al. developed 
software similar to that widely available (9), 
but thev included both endemic s~ecies and 
differen; kinds of classified vegeta;ion types. 
Selecting complementary vegetation types is 
another way of setting conservation priorities. 

Nai'vely applied, these algorithms are not 
~ractical conservation tools. The selected sites 
may not be available for reserves. In addition, 
selection of too small a cell size can lead to the 
"Noah's Ark" effect. All the desired species 
can be ca~tured in a collection of widelv scat- 
tered, tiny cells of a small combined area, but 
in fact the populations protected in this seem- 
ingly efficient strategy are too small to persist. 
Like Noah, scattered tiny reserves protect ev- 
erything in a small area, but only for a short 
time-and he had divine help. 

Lombard et al. selected a grid size of 3 km 
by 3 km. Reserves of this size are politically 
feasible and remesent a trade-off between 
efficiency and population viability. When 
other constraints are added to the biogeo- 
graphical ones, these ecology and computer 
algorithms become a practical tool. Some 
species are already in reserves and do not 
need to be preserved again, and every spe- 
cies should be represented more than once 
as insurance against disasters. Some areas 
are unsuitable: alien weeds overrun others: 
and some selected sites are in mostly agricul- 
tural or urban areas. Whenever possible, al- 
gorithms should add areas adjacent to exist- 
ing reserves. Combined, these constraints 
produce a variety of selections, but the re- 
sults are broadly comparable in their priori- 
ties. As such, the methods outlined by 
Lombard et al. provide both local advice and 
an excellent case history that combines eco- 
logical patterns with practical and political 
considerations. 

Value for money motivates Ando et al. 
(10). Dobson et al. ( I  I ) documented the dis- ~, 

tribution of endangered species in the United 
States, county by county, thus identifying the 
minimum number of counties needed to 
achieve a given coverage of endangered spe- 
cies. Were land prices broadly similar every- 
where, the approach would be relatively 
straightforward. Unfortunately, areas with 
many endemic species include the counties 
encompassing San Diego, Santa Cruz, and 
San Francisco in California, Honolulu in 
Hawai'i, and counties in Florida, all of which 
contain some of the highest priced land in 
the United States. Ando and her colleaeues 
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modified this approach in two ways. The first 
seeks to minimize costs bv takine into ac- " 
count land prices while including a fixed 
number of s~ecies; the second maximizes the 
number of species protected for a given cost. 

Their results include a striking feature: 
The average cost per hectare fluctuates 
widely as more species are protected. The ef- 
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