
prion propagation. T h e  lysate of 5V-H19 
[PSI-] strain was fractionated by centrifuga- 
tion through a sucrose density gradient (21 ), 
and S~1p35p from various fractions was tested 
for converslon activity by addltion to [psip] 
lysate containing Sup3jNMp and Sup3jp. 
T h e  cytosolic and 1005 fractions did not 
cause aggregation of Sup3jNbIp, but all frac- 
tions of greater density-that is, 2005, ?70S, 
and pellet-contained the conversion activ- 
ity (Fig. 3 ) .  Thus, the converting agent is not 
the S ~ ~ p 3 5 p ~ ~ ' +  monomer; rather, it appears 
to be S ~ p 3 j p ~ ~ ' -  aggregates. These results 
are cornpatible with the nucleation model 
for the Sup3jp prion-lhe conversion. T h e  
absence of converting ac t~ \~ l ty  in the soluble 
fraction also suggests that the converting 
agent is not a cytosolic enzyme that modifies 
Sup35p. Purification of Sup35SpPs'+ to ap- 
parent homogeneity (22) showed that the 
con~.erting activity copusifled with Sup3jp 
aggregates (Fig. 5 ) .  This confirms the baslc 
assumption of the prion inodel for [PSI-], 
that the con\-erting agent is an  altered form 
of Sup35p. 

T h e  above data allow us to explain the 
results of in ~~iti-o studies of the  [PSIt] phe- 
nomenon. Lysates of [PSI-] strains produce 
nonsense coclon readthrough in a cell-free 
translational reaction, whereas lysates of 
[psi-] strains do  not.  Mixing of these lysates 
shows that the [pslp] lysate is dominant, and 
prevents readthrough (23) .  This result con- 
trasts with the do~n inance  of [PSIt] over 
[psi-] in ~ ' 1 \ ~ 0 .  However, our results suggest 
that the soluble fraction of [PSIt] lysates 
obtained by centrifugation a t  100,000g that 
was used for cell-free translation reactions 
does not have the  converting activity. 

Our results delnonstrate the general simi- 
larity of yeast and lnainrnalian prions and 
provide a support for the "protein only" hy- 
pothesis for the inheritance of yeast [PSI-] 
phenotype. Honre~.er, conversion of yeast 
Sup35p proceeds much inore efficiently than 
that of malnmalian PrP. The  in vitro conver- 
sion of PrP" to PrP"' requires Inore than 
50-fold excess of PrP" over PrP" and incuba- 
tion of mixed PrPC and PrP5' for at least 2 
days (3). These differences inay be quantita- 
ti1.e rather than clualitative and may be relat- 
ed to the in viva properties of these prions. 
Yeast are rapidly dividing unicellular organ- 
isms, and the stable inheritance of [PSI-] 
requires that the time of its replication be less 
than that of a cell generation, that is, less than 
2 hours during an  exponential phase of 
growth. There is no such restriction for non- 
dividing cells of brain tissues, in which the 
PrP" accumulation recluires ~nonths  (1 ). 
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Mating Type Switching in Yeast Controlled by 
Asymmetric Localization of ASH1 mRNA 

Roy M. Long," Robert H. Singer, Xiuhua Meng, Isabel Gonzalez, 
Kim Nasmyth, Ralf-Peter Jansen 

Cell divisions that produce progeny differing in their patterns of gene expression are key 
to the development of multicellular organisms. In the budding yeast Saccharomyces 
cerevisiae, mother cells but not daughter cells can switch mating type because they 
selectively express the HO endonuclease gene. This asymmetry is due to the preferential 
accumulation of an unstable transcriptional repressor protein, Ash1 p, in daughter cell 
nuclei. Here it is shown that ASHl messenger RNA (mRNA) preferentially accumulates 
in daughter cells by a process that is dependent on actin and myosin. A cis-acting 
element in the 3'-untranslated region of ASHl mRNA is sufficient to localize a chimeric 
RNA to daughter cells. These results suggest that localization of mRNA may have been 
an early property of the eukaryotic lineage. 

D u r i n g  early development, cellular diver- 
sity is achieved by differences between cells 
in their patterns of gene expression. A good 
example of differential gene expression in  
lower eukaryotes occurs during the dip- 
loidization of hornothallic strains of the  
budding yeast Sacc11a.i.omyces ce.i.ez;isiae ( 1 ). 
Upon  germination, haploid spores grow to a 
critical size and then produce buds. A n -  
aphase takes place at the  bud neck, and a 

complete set of chromosoines is delivered to 
both the  mother cell and the  daughter cell 
(bud).  T h e   noth her cell can switch its mat- 
ing type, but the daughter cell cannot.  This 
difference is due to mother cell-specific 
transcription of the  HO gene, which ell- 
codes a n  endonuclease that initiates gene 
conversion at the  mating type l o c ~ ~ s  (2 ) .  

Transcription of HO in lnother cells is 
due to the uneclual accumulation within 
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daughter nuclei of a repressor of H O  tran- 
scription called Ashlp (3). This accumula- 
tion depends on at least five SHE genes, 
one of which (SHEI, also known as MY@) 
encodes a type V myosin (3). Because 
mRNA localization is a common mecha- 
nism for generating asymmetric protein dis- 
tribution in higher eukaryotes (4) ,  we in- 
vestigated the localization of ASHI mRNA 
in the dividing yeast cell. 

Using fluorescent in situ hybridization 
(FISH), we initially analyzed cells carrying 
the ASHI gene on a multicopy plasmid (5, 
6). ASHl mRNA-specific fluorescence was 
detected in 7% of the cells from an asyn- 
chronous culture. In binucleate cells that 
had undergone anaphase but not cell sepa- 
ration, ASHI mRNA was concentrated at 
the distal tips of buds. Depending on the 
genetic background, 35 to 66% of the binu- 
cleate cells with a FISH signal showed lo- 
calization of ASHI mRNA. When ASHl 
mRNA was not localized to the bud tip, it 
often appeared to form filamentous tracks 
extending from daughter cells into mother 
cells. In contrast to ASHl mRNA, poly- 
adenylated [poly(A)+] RNA was dispersed 
throughout both mother and daughter cells 
(Fig. lA, top row). A null mutant of ASHl 
that had been transformed with the vector 
control showed no ASHl mRNA signal 
(Fig. lA, bottom row). Uninucleate unbud- 
ded cells also showed ASHl mRNA local- 
ization in an arc at the periphery on the cell. 
The unbudded cells most likely reflect cells 
that have recently finished cytokinesis. 

To determine if localization of ASHl 
mRNA to the bud tip resulted in higher 
rates of Ashlp synthesis in daughter cells, 
we simultaneously monitored the accumu- 
lation of ASHl mRNA and Ashlp pro- 
duced by an epitope-tagged ASHl gene in- 
tegrated at the ASHl locus (Fig. 1B). 
Ashlp accumulated within the daughter 
nucleus near the ASHl mRNA, which ap- 
peared to be "tracking" through the bud 
neck to the tip. 

The she mutants that do not localize 
Ashlp asymmetrically (3) might do so by 
mislocalizing ASHl mRNA. Analysis of the 
she mutants revealed that ASHl mRNA 
was present in binucleate or unbudded 
uninucleate cells but that it was no longer 
asymmetrically distributed (Fig. 2). In 
my&, she2, she3, and she4 mutants, ASHl 
mRNA was commonly distributed in a fil- 
amentous-like fashion or in patches at the 
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cell periphery. In contrast, in she5/bnil mu- 
tants, ASHl mRNA was mainly concen- 
trated in patches near the bud neck. 

The dependence of ASH1 mRNA local- 
ization on the nonessential tvDe V mvosin , . 
My04 suggests that the actin cytoskeleton 
might participate in the asymmetric accu- 
mulation of ASHl mRNA and protein. We 
therefore analyzed the distribution of ASHl 
mRNA and Ashlp in strains carrying mu- 
tations that affect actin function. The actl- 
133 temperature-sensitive mutation affects 
the myosin-binding site on actin and pre- 

vents bud formation at the restrictive tem- 
perature (7). In mutant cells growing at the 
permissive temperature, ASHl mRNA was 
rarely localized to the bud (Fig. 3A), and 
Ashlp accumulation in binucleate cells was 
rarely asymmetric (8). Although the ASHl 
mRNA was diffusely localized in this mu- 
tant, the daughter cell often contained 
higher amounts of mRNA than the mother 
cell. 

We also investigated the distribution of 
ASHl mRNA and Ashlp in mutants lack- 
ing the TPMl gene that codes for the major 

A 
Plasmid ASH1 mRNA poly (A)+ RNA DAPl Nom. 

B 
ASH1 rnRNA Ash1 p-rnyc9 DAPl  NO^. 

Fig. 1. Localization of ASHl mRNA and Ashl p to daughter cells of budding yeast. Bars in Nomarski 
(Nom.) images in all figures represent 10 pM. (A) Simultaneous detection of ASHl mRNA and poly(A)+ 
RNA by FISH (23). (6) Simultaneous detection of ASHl mRNA and Ashlp-myc9 protein (24). DAPI, 
4',6'-diamidino-2-phenylindole. 

Fig. 2. Dependence of localized ASHl mRNA on SHE1, SHE2, SHE3, SHE4, and SHE5. Fractions of 
cells with localized ASHl mRNA are as follows: K6278 [wild type (WT)], 0.50; K5205 (she5::URA3), 
c0.01; K5209 (shel::URA3), 0.01 ; K5235 (she3::URA3), 0.01 ; K5547 (she2::URA3), 0.01 ; and K5560 
(she4::URA3), <0.01. 
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tropomyosin isotype in yeast or in mutants 
that are defective in the profilin gene 
(PFYI) (Fig. 3B) (9). ASH1 mRNA was 
not localized in either mutant but rather 
had a distribution similar to that observed 
in the she1 to she4 mutants. Ashlp accumu- 
lation was rarely asymmetric in binucleate 
cells (8). All three mutants (act1 , tpml, and 
pfyl) affect the formation of actin cables 
that run from mother cells into their buds 
(7, 9). 

The defective ASH1 mRNA and protein 
localization in these mutants was not an 
indirect effect of the perturbation in bud 
formation. Mutants carrying a temperature- 
sensitive allele of myo2, which encodes a 
type V myosin that is essential for bud 
formation (lo),  showed asymmetric local- 
ization of ASHl mRNA and protein at both 
permissive and restrictive temperatures 
(Fig. 3C). 

To determine if the ASH1 mRNA at the 
bud tip was transported through the bud 
neck and to test whether microtubules are 
involved in the transport, we analyzed the 
distribution of ASHl mRNA in a tub2-401 
mutant strain, which is defective in the 
formation of astral microtubules needed for 
anaphase to take place at the bud neck 
(1 1 ). Nuclear division occurs entirely with- 
in mother cells when this mutant is shifted 
to the restrictive temperature (18'C). The 
ASH1 mRNA was still localized to the dis- 
tal bud tip even when nuclear division had 
occurred within the mother cell (Fig. 4A), 
indicating that the cells can transport 
ASHl mRNA from the mother cell to the 
bud tip, despite disruption of microtubules. 

The question of whether the ASH1 
mRNA is transported from mother cell nu- 
clei to bud tips was also addressed by exper- 
iments in which ASHl mRNA was ex- 
pressed at a stage when there was only a 
single nucleus. In these experiments, ASHl 
mRNA was expressed from the promoter for 
the GAL1 and GAL10 genes, which is in- 
ducible by the addition of galactose to the 
medium ( 12). The ASHl mRNA localized 
to the bud at all stages of the cell cycle, 
from the beginning of bud formation during 
late G, to the end of anaphase when ASH1 
mRNA is normally produced; however, no 
ASH1 mRNA was detectable when its ex- 
pression was repressed by glucose (Fig. 4B). 
This result demonstrates that (i) the 
mRNA localization mechanism is function- 
al throughout most of the cell cycle; (ii) the 
mRNAs that are transported to the bud tip 
include those made within mother cell nu- 
clei; and (iii) the factors at the bud tip that 
are responsible for attracting or anchoring 
ASHl mRNA are there from the onset of 
bud formation. 

In higher eukaryotic cells, cis-acting se- 
quences that are necessary for mRNA lo- 

A 
WT actl-133 WT tpm 1 ~ f Y 7  

I ,  
= r t 

Fig. 3. Mislocalization of ASHl mRNA 
in strains defective in the actin cyto- C WT myo2-66 
skeleton. (A)ASHJ mRNA distribution 24'C 31 OC 24% 31 OC 

(wild iype), K5917 (tpmlA::LEUZ), 
and K5962 (pfyl-11 l::LEU2) (23). Each strain was transformed with plasmid C3431 and grown at 
24°C. The fractions of cells in each strain with localized ASHl mRNA are as follows: K5552, 0.51 ; 
K5917,0.04; and K5962,0.04. (C)ASHl mRNA distribution in strains K5552 (wild type) and NY1006 
(myo2-66) (10). Each strain was transformed with plasmid C3319 and grown as described above for 
the act1 -733 strain. 

Fig. 4. Transp6rt of 
ASHl mRNA to dauah- 30°C 

I3 
Galactose Glucose 

90 min. Note at the nonpermissive temperature (18°C) the presence of two nuclei in mother cells, as 
shown by DAPl staining. (8) ASHl mRNA localization when expressed from a galactose inducible 
promoter. Strain K6278 was transformed with plasmid C3348, a derivative of YCplacl33 that encodes 
ASH1-myc9 under the control of the galactose-inducible promoter GAL1 (1 7). Transformants were 
grown to midlogarithmic phase in synthetic liquid media (minus uracil) containing either 2% glucose 
(repressing conditions) or 3% galactose (inducing conditions). 
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calization are often confined to the 3'-un- 
translated region (3'-UTR) of the mRNA 
(4, 13). To address whether ASHl mRNA 
contains a localization signal in its 3'-UTR, 
a hybrid mRNA was constructed and ex- 
pressed in yeast. The Escherichia coli kc2 
coding sequence was fused to 250 nucleo- 
tides of ASHl 3'-UTR, and the resultant 
hybrid mRNA expressed from the GAL1 
promoter was detected by FISH. Localiza- 
tion of the hybrid mRNA to the bud in 
uninucleate small budded cells and to 
daughters in binucleate budded cells was 
dependent on the ASHl 3'-UTR (Fig. 5) 
and did not occur when the 3'-UTR from 
another mRNA (ADHII) was substituted 
(Fig. 5). The localization to buds of the 
hybrid mRNA containing the ASHl 3'- 
UTR was dependent on SHE1 , because she1 
mutant cells no longer localize the hybrid 
mRNA (Fig. 5). Thus, the 3'-UTR of the 
ASHl mRNA appears to contain a cis- 
acting sequence element that is sufficient to 
target a heterologous mRNA to the bud. 
However, the ASHl mRNA may contain 
redundant cis-acting factors that are re- 
sponsible for ASHl mRNA localization, be- 
cause replacement of the 3'-UTR of ASHl 
with that of CDC6 only reduced ASHl 
mRNA localization from 56 to 40% and 
Ashlp asymmetry from 92 to 82%. 

a l e  data presented here suggest that 
localization of ASHl mRNA is responsible 
for the asymmetry in mating type switching 
through Ashlp. Microscopically, we have 
shown the j~uctaposition of the mRNA in 
the cytoplasm and the protein in the nucle- 

L'IT WT she 1 

Fig. 5. Localization of a heterologous mRNA to 
daughter cells through the 3'-UTR ofASHl . Strain 
K6278 was transformed with either plasmid 
pHZ18-polyadenylate [poly(A)] (5) or pXMRS25 
(26). Plasmid pHZl 8-poly(A) contains the lacZ re- 
porter gene with the ADHll 3'-UTR, whereas 
pXMRS25 contains the 3'-UTR of ASHl in place 
of ADHll sequences. In situ hybridizations to IacZ 
were performed as described previously with the 
described modifications (5, 23). 

us (Fig. 1B). Additionally, we have shown 
that mutations in eight different genes, 
which cause symmetrical Ashlp accumula- 
tion, also abolish localization of ASHl 
mRNA. These observations strongly suggest 
that ASHl mRNA localization is necessary 
for protein asymmetry. It is unlikely that all 
these mutations affect independently both 
mRNA localization and protein asymmetry, 
especially as some of the mutations (my&, 
she2, and she3) are not very pleiotropic. 

Cytoplasmic microtubules are thought 
to have a major role in mRNA localization 
both in Drosophila and Xenopus oocytes (4). 
However, actin has been shown to be the 
filament system that is important for the 
localization of p-actin mRNA in fibroblasts 
(14). Microtubules are probably not in- 
volved in ASHl mRNA localization, be- 
cause disruption of astral microtubules by 
the tub2-401 mutation had little or no ef- 
fect, even though it did prevent nuclei from 
migrating to the bud neck. Instead, we 
found that mutations that affect what is 
presumably an actin-dependent motor pro- 
tein, Myoqp, as well as mutations in tropo- 
myosin, profilin, and actin itself, all greatly 
reduce or even abolish ASHl mRNA local- 
ization to the distal tip. Both profilin and 
cytoplasmic tropomyosin have been impli- 
cated in localizing oskar mRNA to the pos- 
terior pole of Drosophila oocytes (1.5). 

We have shown that a mechanism that 
is capable of moving ASHl mRNA to the 
bud tip exists long before ASHl mRNA is 
actually made in the cell. Possibly, the true 
cargo for Myo4p is not ASHl mRNA itself 
but some bud tip-specific protein to which 
ASHl mRNA stably binds. Such hypothet- 
ical proteins have also been postulated to be 
the determinants of budding axis in diploid 
cells (1 6). ASHl mRNA, therefore, might 
not be actively transported at all but merely 
bound to a receptor, which had previously 
been delivered to the daughter cell cortex 
by Myo4p. Irrespective of the actual mech- 
anism by which ASH1 mRNA is localized, 
it would seem likely that proteins localized 
to the distal bud tip act either as addresses 
or anchors for ASHl mRNA. Curiously, 
none of the proteins currently implicated in 
ASHl mRNA localization are known to be 
localized at the bud tip at the end of an- 
aphase. This leads us to suspect that as yet 
unknown components of the localization 
mechanism await discovery. Likewise, it is 
probable that other yeast mRNA will be 
found to be localized to the bud tip or neck. 

In multicellular organisms, most local- 
ized mRNAs code for proteins involved 
with differential gene expression. Our data 
show that asymmetric intracellular mRNA 
localization is not confined to cells from the 
animal kingdom or to those from multi- 
cellular organisms (4, 13). In this light, 

mRNA localization might be seen as a pre- 
cursor to, or a substitute for, differential 
gene expression to generate spatial com- 
plexity of proteins. 
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compettor DNA were reduced from I 0 0  ng and 200 k g  
to 10 ng and 20 pg, respectively. The composton of 
buffer B was 1.2 M sorbito and 10 mM KHPO, at pH 
7 5 After the second posthybr~dizat~on wash in 40% 
formamde a?d 2 x  standard sane citrate (SSC), a 15- 
mln wash at room temperature In 2 x  SSC and 0.196 
Triton X-100 ivas done. The ol~gonucleot~de probes 
ivere as follows 5'-GCTT'GCCTTGTTGAATT*CTG- 
GTGAATT'GCCTGGTGTTAATGAGGAWTT'GG-3'. 
5 GATGCCTT'AGTGATGGTAGGCTTTGTTGT- 
GGGCGCTCCGGTCTCTTAGAT'A 3 5 -GGA 
ACTTrGGACGACCTAGT'CGATTCCAATT"CCTT- 
GCCGTAATTGAAACTAT-3 5 ATvGGTTCTA 

GC-3' The probes ivere directly labeled v~ith a Cy3 
fluorochrome at amno-modfed thymd~ne residues 
ndcated by the asterisks (79) To detect poy(A)+ 
RNA, FISH ivas periormed i ~ t h  TL3 labeled i ~ t h  

fluoresce~n soth~ocyanate (20). In formamlde- 
contanng solutions, the concentration ivas reduced 
to lO?b for poly(A)- RNA detection. Images were 
taken i ~ t h  an Oympus 1x70 Inverted ep~fluorescence 
mcroscope and Oncor (Gaithersburg, Ma] m a g i g  
sonivare, verson 2.0.5. 

24. Strain K5552, v ~ h c h  encodes an ep~tope-tagged ver- 
son of Ashl p (Ashl p-mycg), was groivn to midogarth- 
m c  phase, flxed, and processed for simultaneous FISH 
and ~mmunofluorescence. After FISH, ~mmunofluores- 
cence was periormed as descrbed prevousy (27) with 
the foow~ng alterations. Antbody to myc was duted 
1 5 nto a solution of I x phosphate-buffered sane, 
0.1 % bovne serum abumn 20 mM vanady rbonuce- 
oside complex, and rhonucease nhibtor (40 UIFl). The 2 
secondah1 antbody, goat antbody to mouse mmuno- 
globulin G, conjugated to d~chlorotr~anz~nyl amno fuo- 
resceln (Jackson Laborator~es), was duted 1 :50 Into 
the same solution. 

25. Plasmd C3431 is a derivative of YEplacl95 (7 7) 
carnyng a S a  -Sac I ASHl fragment 

26. Pasmd  pH21 8-poy(A) containing the ADHII 3'-UTR 

Genetic Complexity and Parkinson's Disease 

M i h a e l  H. Polymeropoulos et al. descrlhe 
the genetic linkage of a large Parkinson's 
disease (PD) pedigree to chrolnosome 4q2 1 - 
q23 ( I ) .  In t h ~ s  study, which affirms a long 
hypothesized genetic component to the dis- 
ease, linkage was detected in a single large 
familv n9ith the use of an autosomal doml- 
nant model with 99% penetrance of the 
disease trait. The c l ~ n ~ c a l  nresentation in 
this family, however, may differ from typical 
idiopathic PD hecause of the apparent au- 
tosolnal dornlnant transmlsson, early onset, 
raold course, and less freauent occurrence of 
tremor as a significant sign (2). Thus, it is 
unclear whether the putative PD locus 
ident~fied hp Polymeropoulos et al. (which 
they termed P D l )  is responsible for the 
majority of familial idiopathic PD cases. 

As part of an ongoing ~nultlcetlter stildy 
of the genetics of id~opathic PD, we have 
ascertained 94 Caucasian families (a  total of 
213 affected relatives sampled: 108 affected 
sibpairs and 31 affected relative pairs) with 
at least two indil-iduals in each family meet- 
ing clinical criteria for idiopathic PD (3) .  
We have identified approxirnatelp 209 mul- 
tiplex idiopathic PD families to ascertain 
for a genomic screen. The  94 families dis- - 
ci~ssed here were those completely ascer- 
ta~ned.  w ~ t h  DNA samoled, at the tlrne of 
the analysis. Linltage analysis of chromo- 
some 4q21-q23 markers in these idiopathic 
PD falnilies did not reveal evidence for 
linkage of an autosomal dominant, highly 
penetrant gene, as was described by Poly- 
meropoulos et al. (1 ,  4 ) .  We determined 
two-point log odds (lod) scores, with the 
use of the model of Polymeropoulos et nl. as 
well as a low penetrance "affecteds-only" 

autosomal dominant model. These lod 
scores lvere strotlglp negative for markers 
0432361, 0492409, 0432386, D431647, 
and D432623. Multipoint analysis of the 
genetic map D432361-17cR1-D431647- 
10.5cM-D432623 supported these findings for 
hot11 models, excluding the entire candidate 
region. We found no evidence for heteroge- 
neity of either the two-point (P > 9.29) or 
multipoint (In likelihood = 1) lod scores (5). 
Because the power of the parametric lod score 
method suffers when the genetlc model is 
misspecified, we also used notlpararnetric 
analyses of affected relative pairs (6). As with 
the parametric lod score analysis, we foul~d no 
significant evidence for linkage using elther 
two-point or multipoint analysis; it1 this data 
set, the multipoitlt locatiotl scores (MLS) ex- 
clude the entire 27.5 chi region for recurrence 
risks to sihlitlgs as low as 2.5 (Fig. 1 ) .  Because 

-6 0 - J  
0 0 0 5 1 0  

Genetic distance (Morgans) 

Fig. 1. Multipoint exclusion map for chromosome 
4q21-q23 markers. The mult~po~nt lod scores 
(MLS) within the regon are a less than -2.0 at X, 
= 2.5, excluding the entire candidate region iden- 
tifed by Polymeropoulos eta/ ,  (1 ) .  Arrows Indicate 
chromosome markers. 

has been descrbed (5) Pasmd pXMRS25 was con- 
structed from pH218 (22) by nserton of an ASH7 
fragment generated by the polymerase chaln reac- 
t on  (PCR) The PCR product contaned the last five 
amino a c d  codons of ASHl  and extended 250 i u -  
ceotdes beyoid the stop codon The ASH7 frag- 
ment ivas subconed Into the Sac I site of pH21 8 by 
the nclusion of a Sac I restr~ct~on site n the PCR 
primers. The prlmers for PCR were 5'-GGGC- 
CCGAGCTCGAGACAGTAGAGAATTGATACATG- 
3 '  and 5'-GGGCCCGAGCTCATCAGGATGAC- 
CAATCTATTGCGC-3'. To verlf] that no mutatons 
were ntroduced by PCR the ASH7 regon of plas- 
m d  pXMRS25 was confrmed by DNA sequencng. 

7. We thank M. Rosbash for n ta t ing  our collaborat~on 
and D Amberg, S. Brown. A. Bretscher. B. Haarer, 
and P. Novck for providing yeast strains Supported 
by N H  grant GM54887 (to R H.S) and NH-National 
Institute of C h d  Health and Human Development 
f eowsh~p  7 F32 HD08088-02 (to R.M.L). 
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the pedigree analyzed by Polymeropoulos et al. 
contained Inally younger onset cases (mean 
age at onset of the disease was 46), we repeat- 
ed our analysis in the 22 families with at least 
one affected individual with an onset earlier 
than age 45; the analysis in the subset sup- 
ported the results from the full sample (7). 

The  absence of linkage to chro~nosolne 
4q21-q23 in our dataset indicates that there 
is genetic heterogeneity in PD. It is possible 
that the region identified hy Polymeropou- 
10s et a1 harbors a disease locus resoonsihle 
only for a rare autosornal dominant form of 
I'D. Such a situation would he analogous to 
the genetics of Alzheimer's disease (AD) ,  
where mutations (in the arnvloid orecursor 
protein and the presenil~n 1 and presen~l~n  
2 genes) that cause autosomal dominant 
A D  are responsible for less than 2% of all 
cases (8). Therefore, although the report hp 
Polpmeropoi~los et al. is a first step In UII- 

raveling the genetic etiology of I'D, other 
independent genetic effects likely remain to 
he discovered. 
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