
Constraint to Adaptive Evolution in Response to Global Warming
Author(s): Julie R. Etterson and Ruth G. Shaw
Source: Science, New Series, Vol. 294, No. 5540 (Oct. 5, 2001), pp. 151-154
Published by: American Association for the Advancement of Science
Stable URL: http://www.jstor.org/stable/3084790
Accessed: 30/04/2009 13:22

Your use of the JSTOR archive indicates your acceptance of JSTOR's Terms and Conditions of Use, available at
http://www.jstor.org/page/info/about/policies/terms.jsp. JSTOR's Terms and Conditions of Use provides, in part, that unless
you have obtained prior permission, you may not download an entire issue of a journal or multiple copies of articles, and you
may use content in the JSTOR archive only for your personal, non-commercial use.

Please contact the publisher regarding any further use of this work. Publisher contact information may be obtained at
http://www.jstor.org/action/showPublisher?publisherCode=aaas.

Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or printed
page of such transmission.

JSTOR is a not-for-profit organization founded in 1995 to build trusted digital archives for scholarship. We work with the
scholarly community to preserve their work and the materials they rely upon, and to build a common research platform that
promotes the discovery and use of these resources. For more information about JSTOR, please contact support@jstor.org.

American Association for the Advancement of Science is collaborating with JSTOR to digitize, preserve and
extend access to Science.

http://www.jstor.org

http://www.jstor.org/stable/3084790?origin=JSTOR-pdf
http://www.jstor.org/page/info/about/policies/terms.jsp
http://www.jstor.org/action/showPublisher?publisherCode=aaas


REPORTS 

23. R. S. Anderson, Quat. Res. 40, 351 (1993). 
24. P. R. Krider, Quat. Res. 50, 283 (1998). 
25. L. D. McFadden, J. R. McAuliffe, Geomorphology 19, 

303 (1997). 
26. C. Weng, S. T. Jackson, Palaeogeogr. Palaeoclimatol. 

Palaeoecol. 153, 179 (1999). 
27. B. J. Buck, H. C. Monger, J. Arid Environ. 43, 357 

(1 999). 

28. D. E. Wilkins, D. R. Currey, The Holocene 9, 363 
(1 999). 

29. J. S. Applegarth, in Biological Investigations in the Guada- 
lupe Mountains National Park, Texas, H. H. Genoways, 

R. J. Baker, Eds. (U.S. National Park Service Transactions 
and Proceedings Series 4, 1979), pp. 159-166. 

30. E. L. Lundelius Jr., in Biological Investigations in the 
Guadalupe Mountains National Park, Texas, H. H. 
Genoways, R. J. Baker, Eds. (U.S. National Park Service 
Transactions and Proceedings Series 4, 1979), pp. 
239-258. 

31. B. van Geel et al., Radiocarbon 40, 535 (1998). 
32. H. H. Lamb, Climatic History and the Future (Prince- 

ton Univ. Press, Princeton, NJ, 1977). 
33. L. Cordell, Archaeology of the Southwest (Academic 

Press, Boston, 1997). 

34. D. E. Stuart, R. P. Gauthier, Prehistoric New Mexico 
(Univ. of New Mexico Press, Albuquerque, NM, 1996; 
reprint of 1984 ed.). 

35. M. D. Tagg, Am. Antiq. 61, 311 (1996). 
36. We thank R. Turner and the Lincoln National Forest, 

D. Pate, J. Richards, S. Allison, B. Onac, P. Provencio, 
and Carlsbad Caverns National Park for field assist- 
ance and permission to collect samples. Supported in 
part by NSF grants ATM-9731138 and EAR-94-2048 
(Y.A.). 

22 May 2001; accepted 28 August 2001 

Constraint to Adaptive 
Evotution in Response to Globat 

Warming 
Julie R. Etterson*t and Ruth G. Shaw 

We characterized the genetic architecture of three populations of a native 
North American prairie plant in field conditions that simulate the warmer and 
more arid climates predicted by global climate models. Despite genetic variance 
for traits under selection, among-trait genetic correlations that are antagonistic 
to the direction of selection limit adaptive evolution within these populations. 
Predicted rates of evolutionary response are much slower than the predicted 
rate of climate change. 

Plants have responded to historical climate 
change by migration and adaptation (1). How- 
ever, habitat fragmentation is likely to impede 
migration in the future (2). Furthermore, migra- 
tion may be slower than during the recession of 
the glaciers, because migration will depend on 
seedling establishment in occupied habitats (3). 
The persistance of populations thus hindered 
from spread into higher latitudes may depend 
more heavily on adaptive evolution. 

Evolutionary response requires genetical- 
ly based variation among individuals. How- 
ever, even given this substrate for natural 
selection, evolution may be constrained by 
genetic correlations among traits that are not 
in accord with the direction of selection (4, 
5), correlations termed "antagonistic." For 
example, if selection favors high values of 
two traits but these traits are negatively ge- 
netically correlated, selection response can be 
inhibited (Fig. IA). 

We evaluated the evolutionary potential of 
three populations of the native annual legume 
Chamaecristafasciculata, which were sampled 
from an aridity gradient in tallgrass prairie frag- 
ments in the U.S. Great Plains (Fig. 2A) (6). 
Natural selection on phenotypic variation in C. 
fasciculata differs across this geographic range 
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(7). Field and common garden studies of Min- 
nesota (MN), Kansas (KS), and Oklahoma 
(OK) populations of C. fasciculata demonstrat- 
ed clinal variation and genetic divergence with 
respect to physiological and morphological 
traits (7). Greenhouse drought experiments also 
demonstrated adaptation of these populations to 
different water availability conditions; northern 
plants are less drought-tolerant than southern 
plants (7). 

We used this spatial gradient in climate as a 
proxy for the temporal trend in climate predict- 
ed for northern populations with global warm- 

ing. For example, one global climate model 
predicts that the MN population will experience 
soil moisture conditions similar to the current 
climate of KS by 2025-2035 (Fig. 2B) (8). To 
predict rates of adaptation to climate change, 
we estimated evolutionary trajectories for three 
populations reciprocally planted in three envi- 
ronments. The evolutionary trajectory of a 
northern population reared in progressively 
more southern sites provides insight into the 
population's adaptive potential in the face of 
global warming. 

We produced pedigreed seeds for MN, KS, 
and OK populations by controlled crosses in the 
greenhouse according to a standard quantitative 
genetic design (9). Progeny from these crosses 
were reciprocally planted into field sites in MN, 
KS, and OK (IO). We measured traits subject to 
differing natural selection under distinct 
drought regimes (fecundity and leaf number) or 
varying clinally across the geographic range of 
this study (leaf thickness and the rate of pheno- 
logical development) (7). In mid-summer we 
recorded the leaf number and reproductive 
stage of each plant (1]) and collected the up- 
permost fully expanded leaf. At the natural end 
of the growing season, we recorded total pod 
number and seed counts from three representa- 
tive pods; from these measures, we estimated 
total lifetime fecundity (12). 
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Fig. 1. Illustration of the influence of genetic correlations among traits on selection response. (A) 
Hypothetical positive genetic correlation (rA) between two traits (each point represents the 
breeding value for each of two traits). There are two selection scenarios. For R (reinforcing), 
selection is in the same direction on traits; the depicted rA is in accord with the direction of 
selection, enhancing evolutionary response; thus, the genetic correlation is reinforcing. For A 
(antagonistic), selection is in the opposite direction for both traits; rA is antagonistic to the 
direction of selection, inhibiting evolutionary response. (B) Scatter plot of MN population repro- 
ductive stage and leaf number breeding values (centered on the phenotypic mean), showing 
signficant negative genetic correlation that is antagonstic to the positive vector of joint selection 
on these traits. (C) Scatter plot of the MN population leaf thickness and leaf number breeding 
values (centered on the phenotypic mean), showing signficant positive genetic correlation that is 
antagonistic to the negative vector of joint selection. 
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We used restricted maximum likelihood 
(REML) (13, 14) to conduct multivariate quan- 
titative genetic analyses of all the traits jointly 
to obtain estimates of the additive genetic co- 
variance (CovAUi) between all pairs of traits for 
each population in each site (15). The predicted 
change in a trait (AZ) resulting from a single 
generation of natural selection on phenotypic 
variation is simply the additive genetic covari- 

ance between relative fitness and that trait (16, 
17) when other traits under selection are taken 
into account 

A = COVA[W, Z] (1) 

where w is individual relative fitness (abso- 
lute fitness divided by mean fitness), and z is 
the vector of traits. Although these predic- 
tions take into account all the traits under 

consideration, they could be modified by se- 
lection on other genetically correlated traits 
that have not been considered (18, 19). 

These evolutionary trajectories are based 
on the narrow-sense heritability and the 
strength and direction of selection (Table 1), 
as well as on the influence of among-trait 
additive genetic covariance (Table 2). For 
comparison, we also present univariate pre- 
dictions from analyses of the traits separately. 
These univariate predictions involve only the 
genetic variance and selection on a single 
trait and indicate expected evolutionary re- 
sponse if traits were genetically independent 
and, hence, would evolve independently. 

Three cases are relevant to global warming 
(the MN population in KS and OK and the KS 
population in OK). Seed production was dra- 
matically reduced in the nonnative populations 
as compared with the local population (for the 
MN population, 84% in KS and 94% in OK; for 
the KS population, 42% in OK) (Fig. 3A). In 
each of these cases, we predict adaptive evolu- 
tion in response to climate warming, because 
the multivariate prediction is in a direction con- 
sistent with that of the univariate prediction. 
Overall, 14 of 18 evolutionary predictions of 
nonnative populations are toward the mean of 
the native population, which further supports 
the interpretation that the direction of evolution- 
ary response is adaptive (none of the four ex- 
ceptions are statistically significant). Yet with 
only one exception, the multivariate prediction 
of evolutionary response is less in absolute 
magnitude than the univariate prediction; in 
many cases, half or less. Considering the MN 
population grown in KS and OK, selection 
favoring plants bearing more and thicker leaves 
is expected to result in evolutionary change 
consistent with the direction of selection but 
less than if the traits evolve independently. The 
prediction of evolutionary response for repro- 
ductive stage of MN plants in KS (slower) is 
opposite that of OK (faster), which may reflect 

Fig. 2. (A) Three focal A 

populations in Minne- 
sota, Kansas, and Okla- 
homa, shown with 
long-term average iso- 
clines of ot for ever- 
green trees [1951-1980 k 
(25)]. ot is an integrated 
measure of seasonal0 
growth-limiting drought \ 
stress on plants that 
accounts for tempera- ' J 
ture, precipitation, and 
soil texture. (B) Twen- w > /1 / 
ty-five to 35-year pre- A 
diction of ox for Minne- f 
sota (8). ) 
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Table 1. The multivariate prediction of evolutionary response after one 
generation of selection, CovA[w, z], for three traits measured on three 
populations of C. fasciculata reared in three environments. Univariate pre- 
dictions and narrow-sense heritabilities, h 2 (6), from separate analyses are 

given below evolutionary trajectories. Significance levels are not corrected for 
multiple testing. Of the 108 tests conducted (Tables 1 and 2), one would 
expect to erroneously assign significance in 5.4 cases by chance alone, 
assuming oL(_(,. 

MN population KS population OK population 

Reproductive Leaf thickness Reproductive Leaf thickness Reproductive Leaf thickness 

stage number thickness stage number log (g n2) stage number log (g rne) 

MN Multivariate 0.0068 -0.0017 -0.0000 0.0138 -0.0167 -0.0063 0.5518*** -0.1281** -0.0030 
site Univariate 0.0029 -0.0017 0.0006 0.0292 -0.0298 -0.0087** 0.5664**** -0.1288** -0.0075 

h 2 0.07 0.06** 0.20** 0.00 0.09*** 0.18**** 0.14**** 0.Q1**** 0.08 

KS Multivariate -0.0047 0.0055** -0.0009 -0.0033 -0.0072* 0.6077 0.0040 0.0018 0.0006 
site Univariate -0.0076 0.0053* -0.0019 -0.0010 0.0054* 0.7133 0.0078 0.0018 0.0005 

h 2 0.03 0.19*** 0.07*** 0.00 0.12**** 0.11*** 0.39**** 0.18** 0.05** 

OK Multivariate 0.0420 0.0184 -0.0027 0.0020 0.0077* 0.0014 -0.0082* 0.0068 -0.0013** 
site Univariate 0.1169 0.0308** -0.0031 0.0045 0.0096* 0.0016* -0.0084 0.0078 -0.0013** 

h 2 0.23** 0.23*** 0.32**** 0.00 0.24**** 0.30**** 0.27**** 0.21** 0.09** 

*P < o.09. **P < 0.05. ***P < 0.01. ****P < 0.001. 
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selection for different mechanisms of drought 
tolerance in the intermediate site versus drought 
avoidance in the more southern site. For trans- 
plants of southern populations to northern sites 
(the KS population in MN and the OK popula- 
tion in KS and MN), most of the multivariate 
predictions of evolutionary response are also 
less than the univariate ones. 

Why is evolutionary change predicted to be 
slow, given the significant heritabilities of most 
of the traits? Numerous additive genetic corre- 
lations are antagonistic to the direction of se- 
lection jointly on pairs of traits, as shown in Fig. 
1, B and C (Table 2). Among-trait correlations 
that oppose the direction of selection can alter 
evolutionary response from expectation by (i) 
retarding the evolutionary response of heritable 
traits under selection, (ii) reversing the direction 
of selection response from expectation, and (iii) 
promoting the evolutionary response of traits 
not under direct selection. The first case is most 
evident here; the second is also illustrated by 
the case of the KS population at the KS site, for 
which the multivariate prediction of reduced 
leaf number conflicts with the univariate pre- 
diction for leaf number increase. These findings 
demonstrate that genetic relationships among 
traits can substantially influence evolutionary 
change. In each case where the univariate anal- 
ysis would indicate substantial evolutionary 
change but the multiple trait analysis predicts a 
smaller change, at least one among-trait addi- 
tive genetic correlation is opposite in sign to the 
vector of selection (antagonistic; Table 2 and 
Fig. 1, B and C). Although few among-trait 
correlations are individually significant (5 of 
27), they constrain the genetic architecture of 
these populations and alter predicted selection 
response from expectation. 

According to the climate model cited 
herein, the MN population is predicted to 
experience climate similar to the current cli- 
mate of KS in only 25 to 35 years. Making 
the simplistic assumptions of constant genetic 
variation and selection coefficients, the num- 
ber of generations required before the trait 
means of the MN population are expected to 

match those of the native KS population gen- 
erally exceeds the time predicted for this 
climate change (reproductive stage, 21; leaf 
number, 42; leaf thickness, 79) (Fig. 3). The 
MN population is predicted to achieve the 
local population means in OK in fewer gen- 
erations because of stronger selection and 
greater expression of additive genetic vari- 
ance. However, these are probably underesti- 
mates of the number of generations required, 
because strong selection over as few as 10 
generations can substantially deplete genetic 
variation (20); moreover, selection coeffi- 
cients would not remain constant (21, 22). 
Furthermore, the extreme fitness costs in 
terms of seed production incurred by the MN 
population when reared in the KS or OK 
climate would influence the genetic variance, 
inbreeding, and demography of subsequent 
generations and hence population persis- 
tence. Thus, even though there is significant 
genetic variation for all but one of these traits, 

the rate of multivariate evolution is expected 
to be slower than the rate of climate change. 

When the MN population is reared in the 
wamner and drier climates of KS and OK, slow 
evolutionary response is predicted even though 
this population harbors significant additive ge- 
netic variance for vegetative and phenological 
traits under selection. Similarly, little evolution- 
ary response is predicted for the KS population 
at the OK site. We do not rule out the possibility 
that predicted selection responses that are in the 
direction of the local population mean but not 
statistically significant will, nevertheless, be bi- 
ologically significant as populations experience 
an incrementally changing climate. This study 
demonstrates, however, that adverse additive 
genetic correlations among traits may severely 
retard evolutionary change. 

It could be argued that species will persist 
in the face of global warming, because fossil 
evidence indicates that many taxa have sur- 
vived through numerous episodes of climate 

Fig. 3. Least-squares .4.0........... . . ....... . . 
means and standard er- 2000 A B 
rors (very small) of (A) 3.5 
fecundity, (B) repro- - 
ductive stage, (C) log 1500 /30 * 
(leaf number), and I?(1 
(D) log (leaf thick- e 1000 Ii 2.5 
ness) for MN (cir- I 2.0 
cles), KS (triangles), 
and OK (squares) 
populations recipro- 1.5 
cally planted in each 0 

..0 

of MN, KS, and OK 2.50 D 0.6 
sites (26). The direc- 
tion of the evolution- 2.25 /78) 
ary trajectory is indi- f C \ 0.7 
cated with an arrow, ! 2.OD\ 
and the number of > (42 
generations required t ;t\ ( \ 9 . 
to achieve the phe- f 2 + \ 
notypic mean of the .1 
local population is 
shown in parentheses 
for the MN popula- MN KS OK MN KS OK 
tion reared in KS and SITES 
OK (only leaf number 
in KS is statstically significant). 

Table 2. Additive genetic correlations, rA, among traits. The concordance of rA with the direction of the vector of selection on pairs of traits is given in 
parentheses (R = reinforcing; A = antagonistic). 

MN population KS population OK population 

Leaf number Leaf thickness Leaf number Leaf thickness Leaf number Leaf thickness 

MN site Reproductive -0.49 (R) 0.46 (R) -0.91 (R) 0.28 (A) -0.66 (R) 0.31 (A) 
stage 

Leaf number 0.57 (A) 0.13 (R) -0.05 (A) 
KS site Reproductive -0.51 (R) -0.73* (A) 0.18 (A) -1.02 (R) -0Q75** (A) 0.53 (R) 

stage 
Leaf number 0.27* (A) -3.97* (A) -0.30 (A) 

OK site Reproductive -0.82****(A) _0.59** (R) 0.69 (R) -0.52 (A) -0.63***(R) 0.18 (R) 
stage 

Leaf number 0Q47** (A) 0.17 (R) -0.65 (R) 

*P < 0.09. **P < 0.05. ***P < 0.01. ****p < 0.001. 
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change in the past. However, historical cli- 
mate changes were generally much slower 
(by one or more orders of magnitude) than 
those predicted for the future (23, 24). Slower 
changes may have provided opportunities for 
taxa to adapt to climate change while persist- 
ing in refuges or shifting ranges to new lati- 
tudes despite genetic constraints on adaptive 
evolution. 
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Direct Interaction of 
Arabidopsis Cryptochromes 
with COP1 in Light Control 

Development 
Haiyang Wang,' Li-Geng Ma,1 2 Jin-Ming Li,3 Hong-Yu Zhao,3 

Xing Wang Deng 2* 

Arabidopsis seedling photomorphogenesis involves two antagonistically acting 
components, COPN and HY5. COP1 specifically targets HY5 for degradation via 
the 26S proteasome in the dark through their direct physical interaction. Little 
is known regarding how light signals perceived by photoreceptors are trans- 
duced to regulate COP1. Arabidopsis has two related cryptochromes (cryl and 
cry2) mediating various blue/ultraviolet-A light responses. Here we show that 
both photoactivated cryptochromes repress COP1 activity through a direct 
protein-protein contact and that this direct regulation is primarily responsible 
for the cryptochrome-mediated blue light regulation of seedling photomor- 
phogenic development and genome expression profile. 

Arabidopsis uses two major types of photo- 
receptors, the red/far-red light-absorbing 
phytochromes (phyA-phyE) and two related 
blue/ultraviolet-A (UV-A)-absorbing crypto- 
chromes (cryl and cry2) to monitor the am- 
bient light environment and to control the 

seedling developmental pattern, photomor- 
phogenesis in the light and skotomorphogen- 
esis in darkness (1, 2). Previous studies 
showed that a group of COP/DET/FUS pro- 
teins function as repressors of photomorpho- 
genesis (3-5). They achieve their roles by 

154 5 OCTOBER 2001 VOL 294 SCIENCE www.sciencemag.org 


	Article Contents
	p. 151
	p. 152
	p. 153
	p. 154

	Issue Table of Contents
	Science, New Series, Vol. 294, No. 5540 (Oct. 5, 2001), pp. 1-252
	Front Matter [pp. 1-127]
	Editorial: Frontiers of Aging [p. 13]
	Editor's Choice [pp. 15+17]
	Netwatch [p. 19]
	News
	News of the Week
	Rapid Response Could Have Curbed Foot-and-Mouth Epidemic [pp. 26-27]
	Petition Seeks Public Sharing of Code [p. 27]
	Close Look at the Heart of Borrelly [pp. 27+29]
	Drug Critic Sues after School Pulls Job Offer [pp. 29-30]
	ScienceScope [pp. 29+31]
	Closing in on the Centromere [pp. 30-31]
	Stone Age Artists-or Art Lovers-Unmasked? [p. 31]
	First Gene Linked to Speech Identified [p. 32]
	New Regulatory Czar Takes Charge [pp. 32-33]
	Possible New Heart Disease Risk Factor [p. 33]
	Fire Guts British Antarctic Lab [p. 33]

	News Focus
	New Hints into the Biological Basis of Autism [pp. 34-37]
	Ancient Sky Rocks and an Unblemished Eros [p. 39]
	Money and Political Muscle Help Scientist Turn the Tide [p. 40]
	Utah's Fossil Trove Beckons, and Tests, Researchers [pp. 41+43]
	Random Samples [p. 45]


	Science's Compass
	Letters
	Postage Stamp Poses a Fermi Problem [p. 53]
	A Novel Mechanism for Evolution? [pp. 53-54]
	NIH Budget Grows, but Not R01 Success Rates [pp. 54-55+57]
	16th-Century Algonquian Fishermen [p. 57]

	Corrections and Clarifications: Everyday Impacts of a Most Influential Theory [p. 57]
	Corrections and Clarifications: Front Matter [p. 57]
	Corrections and Clarifications: Top-down Tectonics? [p. 57]
	Corrections and Clarifications: Active Normal Faulting in the Upper Rhine Graben and Paleoseismic Identification of the 1356 Basel Earthquake [p. 57]
	Corrections and Clarifications: Defending Deadwood [p. 57]
	Essay on Science and Society
	Is a New Eugenics Afoot? [pp. 59+61]

	Books et al.
	Review: McClintock at 100-Reason to Celebrate [pp. 62-63]
	Review: A Highly Personal Perspective [pp. 63-64]
	Review: Explaining Exuberant Diversification [pp. 64-65]

	Perspectives
	Order from Destruction [pp. 66-67]
	How Minerals React with Water [pp. 67+69-70]
	Discriminating Right from Wrong [pp. 70-71]
	Jupiter and Its Moons [pp. 71-72]


	Genome: Unlocking Biology's Storehouse
	Unlocking the Genome [p. 81]
	News
	So Many Choices, so Little Money [pp. 82-83+85]
	Japan and China Gear up for 'Postgenome' Research [p. 84]

	Viewpoints
	Evolving Genomic Metaphors: A New Look at the Language of DNA [pp. 86-87]
	Harnessing Genomics and Biotechnology to Improve Global Health Equity [pp. 87-89]
	Global Efforts in Structural Genomics [pp. 89-92]
	Protein Structure Prediction and Structural Genomics [pp. 93-96]

	Reviews
	Making Sense of Eukaryotic DNA Replication Origins [pp. 96-100]


	Research
	Research Articles
	Genomic and Genetic Definition of a Functional Human Centromere [pp. 109-115]
	Replication Dynamics of the Yeast Genome [pp. 115-121]

	Reports
	A Cosmic Double Helix in the Archetypical Quasar 3C273 [pp. 128-131]
	Ferromagnetic Imprinting of Nuclear Spins in Semiconductors [pp. 131-134]
	Spatiotemporal Addressing of Surface Activity [pp. 134-137]
	Submicrometer Metallic Barcodes [pp. 137-141]
	Deposition of Conformal Copper and Nickel Films from Supercritical Carbon Dioxide [pp. 141-145]
	Organic Carbon Composition of Marine Sediments: Effect of Oxygen Exposure on Oil Generation Potential [pp. 145-148]
	Late Holocene Climate and Cultural Changes in the Southwestern United States [pp. 148-151]
	Constraint to Adaptive Evolution in Response to Global Warming [pp. 151-154]
	Direct Interaction of Arabidopsis Cryptochromes with COP1 in Light Control Development [pp. 154-158]
	Conversion of a Peroxiredoxin into a Disulfide Reductase by a Triplet Repeat Expansion [pp. 158-160]
	Success and Virulence in Toxoplasma as the Result of Sexual Recombination between Two Distinct Ancestries [pp. 161-165]
	Uniform Binding of Aminoacyl-tRNAs to Elongation Factor Tu by Thermodynamic Compensation [pp. 165-168]
	An Apolipoprotein Influencing Triglycerides in Humans and Mice Revealed by Comparative Sequencing [pp. 169-173]
	Phosphorylation-Dependent Ubiquitination of Cyclin E by the SCF Ubiquitin Ligase [pp. 173-177]
	Prevention of Scrapie Pathogenesis by Transgenic Expression of Anti-Prion Protein Antibodies [pp. 178-182]


	Back Matter [pp. 183-252]



