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Kajaani, Finland; 4Genethon, Evry, France; SDepartment of Otolaryngology, University of T0bingen, 
Germany 

Progressive epilepsy with mental retardation (EPMR) is an autosomal recessive disorder discovered recently 
from an isolated region in Finland. The disorder is characterized by normal early development, generalized 
tonic-clonic seizures with onset at 5-10 years of age, and progressive mental retardation beginning 2-5 years 
after the onset of seizures. We recently mapped the EPMR locus to a 7-cM region on chromosome 8p between 
markers AFM185xb2 and D8S262. A recombination detected with a new microsatellite marker AFMa0S4td9 
narrows the region to 4 cM. A yeast artificial chromosome (YAC) contig containing 22 YACs was 
constructed across the disease gene region. The YAC contig is characterized by a collection of 19 YAC-end 
sequence-tag sites together with seven microsatellite markers. The entire YAC contig spans a minimum of 3 
Mb. Moreover, the distal end of the contig contains a subtelomeric YAC yRM2205 that anchors the contig 
to the telomere. Construction of a YAC contig across the disease gene region is an essential step toward the 
isolation of the EPbIR gene. 

Epilepsy is a common  symptom that  occurs in 
-2%-3% of the populat ion either as an isolated 
p h e n o m e n o n  or as a cosymptom of a large and 
diverse set of disease phenotypes (Scheuer and 
Pedley 1990; Hauser et al. 1993). The most  com- 
m o n  forms of inherited epilepsies do not  display 
straightforward Mendelian inheritance patterns 
and are considered to be multifactorial (Gardiner 
1990). Among the multifactorial forms, only the 
locus for juvenile myoclonic epilepsy has been 
genetically mapped; a subset of these families ap- 
pear to be linked to DNA markers on chromo- 
some 6p (Greenberg et al. 1988; Durner et al. 
1991; Weissbecker et al. 1991; Delgado-Escueta et 
al. 1994). In contrast, monogenic  inherited epi- 
lepsies are rare, but  already six loci have been 
genetically mapped to specific chromosomal  re- 

6Corresponding author. 
E-MAIL TCGl@Columbla.edu; FAX (212) 781-2661. 

gions: two loci for benign familial neonatal  con- 
vulsions (BFNC) on chromosomes 20q (EBN1; 
Leppert et al. 1989) and 8q (EBN2; Lewis et al. 
1993); the EPM1 locus for progressive myoclonus 
epilepsy of Unverricht-Lundborg type on chro- 
mosome 21q (Lehesjoki et al. 1991); an EPMR lo- 
cus for progressive epilepsy with menta l  retarda- 
t ion locus on 8p (Tahvanainen et al. 1994); a par- 
tial epilepsy locus on 10q (Ot tman et al. 1995); 
and an autosomal dominan t  nocturnal  frontal 
lobe epilepsy (ADNFLE) locus on 20q13.2 (Phill- 
ips et al. 1995). Recently, a missense muta t ion  in 
the o~4 subunit of the neuronal  nicotinic acetyl- 
chol ine receptor (CHRNA4) gene on chromo-  
some 20q was reported to be associated with AD- 
NFLE in a large Australian pedigree (Steinlein et 
al. 1995). It now appears that  a putative muta t ion  
in the CHRNA4 gene detected in one BFNC fam- 
ily (Beck et al. 1994) may have been an artifact 
resulting from a DNA sequencing error (Steinlein 
et al. 1995). 
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Progressive epilepsy with mental  retardation 
(EPMR), also called Northern epilepsy, has, so far, 
been found only in a small rural region in north- 
ern Finland. To date, 25 patients have been iden- 
tified. Genealogical records show that, with one 
exception, all parents of affected children are dis- 
tant  relatives. Children descending from the un- 
related parent have a haplotype distinct from the 
" c o m m o n "  haplotype shared by 15 of 19 disease 
chromosomes.  This suggests two different muta- 
tions segregating in this Finnish pedigree and 
may  indicate that  the disorder is not  necessarily 
as rare as originally anticipated. 

The main  clinical features of EPMR are nor- 
mal  early development ,  ch i ldhood-onse t  epi- 
lepsy, and mental  retardation that starts to de- 
velop 2-5 years after the first seizures. All patients 
have generalized tonic-clonic seizures. One-third 
of the patients also have complex partial seizures 
during chi ldhood.  Epileptic activity decreases 
during young adulthood, but complete remission 
does not  occur. Mental retardation is most  rapid 
prior to adulthood, during the period with most  
frequent seizures. Of the antiepileptic drugs used, 
only clonazepam has proven effective; it reduces 
dramatically the number  of seizures and can even 
normalize the EEG pattern when administered 
early in the disease process (Hirvasniemi et al. 
1994, 1995). 

To facilitate the isolation and identification 
of the EPMR gene, we sought to physically map 
and clone the -7-cM region encompassing the 
disease locus. Several microsatellite markers that  
always segregate with the disease locus were cho- 
sen along with markers flanking the EPMR region 
to screen physical mapping data bases and yeast 
artificial chromosome (YAC) libraries. A total of 
22 YAC clones were identified that  span the re- 
gion between the flanking markers and that are 
anchored to genomic DNA by seven polymor- 
phic DNA markers. A new microsatellite marker 
(AFMa054td9), recently posi t ioned on the ge- 
netic map by scientists at Genethon,  maps to the 
YAC contig and detects a meiotic recombination 
in one EPMR family, thereby reducing the mini- 
mal genetic region to -4  cM. 

RESULTS 

Genetic Linkage Analysis 

The EPMR locus has been mapped previously to 
an approx imate  7-cM region def ined by the 
f lanking te lomeric  and cent romer ic  markers,  
AFM185xb2 and D8S262, respect ive ly  (Tah- 
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v a n a i n e n  et al. 1994). We have g e n o t y p e d  
a recent ly  discovered microsate l l i te  marker ,  
AFMa054td9, in the EPMR extended pedigree 
and show that  this marker recombines with the 
disease locus in a single heal thy individual who 
has three affected siblings (Fig. 1). This recombi- 
nation narrows the EPMR disease gene region to 
about 4 cM. Because markers D8S504 and D8S264 
are uninformative in this branch of the family, 
the  r e c o m b i n a t i o n  m a y  occur  t e lomer ic  to 
AFMaO54td9, leaving the possibility that  addi- 
tional markers will help to narrow the region still 
further. The max imum two-point logarithm of 
odds (lod) score for AFMaO54td9 is 5.28 (0 = 0.03) 
in the extended pedigree. The results of the mul- 
tipoint linkage analysis are shown in Figure 2. 
The max imum lod score is 10.70 at a position 0.4 
cM distal to D8S264 and 0.6 cM proximal to 
D8S504. The one-unit  lod support interval ex- 
tends from a point 0.4 cM distal to AFMaO54td9 
to a point  0.2 cM proximal to AFM185xb2 and 
covers a total genetic distance of 3.4 cM. 

It has been hypothesized that cathepsin B 
may play a role in Alzheimer's disease (Tagawa et 
al. 1991). Because this gene has been mapped 
physically to 8p22-p23.1 (Fong et al. 1992), we 
considered it a candidate gene for EPMR. To ex- 
clude cathepsin B as a potential EPMR candidate 
gene, we analyzed a restriction fragment length 
polymorphism (RFLP) detected by a cathepsin B 
intron probe in one of the Finnish families. Sev- 
eral enzymes (EcoRI, PvuII, RsaI, StuI, and TaqI) 
detected a novel polymorphism in intron 8 (see 
Methods for details). The TaqI polymorphism re- 
vealed recombinations between the disease locus 
and cathepsin B allowing us to exclude this gene 
as a candidate for EPMR (data not shown). 

Physical Mapping of the EPNR Locus 

Library Screening 

Fifteen of the YAC clones shown in Figure 2 were 
ascertained from computer ized data bases ac- 
cessed through the World-Wide Web (see Meth- 
ods). These are clones characterized as "positive" 
for markers in the EPMR region or clones that  
appear to overlap with such clones. To fill a gap 
b e t w e e n  marke r s  D8S264 and  D8S504,  we 
screened the Centre d'Etude du Polymorphisme 
Humain (CEPH) Midi YAC library with both YAC 
ends from 858E12 (Fig. 3) but  found no positive 
clones. We next screened with D8S264 and the 
right YAC-end STS from 241d10 and obtained 
three new YAC clones in both screenings. Probe 
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Figure 1 Refinement of the EPMR locus by meiotic breakpoint mapping. DNA 
marker genotypes across the EPMR locus in an affected family reveal a key re- 
combination event that reduces the EPMR critical region to 4.0 cM. The recom- 
bination occurs in the paternal chromosome of a healthy sibling and is marked 
by an arrow. "Disease homologs" are in boldface type. The boxed region marks 
the site of chromosomal recombination. (0) Untyped alleles. The inferred hap- 
Iotype of the deceased father is shown in brackets. 

D8S201 was screened at CEPH against the Mega 
YAC library (Albertsen et al. 1990; Dausset et al. 
1992). Several positive clones were identified (see 
next sections). 

Characterization o/ YAC-end Fragments 

Ligation-mediated PCR yielded YAC-end DNA se- 
quences in 32 of 40 cases where it was attempted. 
Because some of these sequences were Alu repeat 
or nonchromosome 8 sequences, characteriza- 
tion of these YAC ends yielded a total of 17 chro- 
mosome 8 STSs. We were not able to generate a 
PCR product for the YAC ends of clone 810F8 
with the ligation-mediated PCR but were success- 
ful with the vectorette PCR method (see Meth- 
ods). 

Construction and Characterization o.f the 
YAC Contig 

Three of the critical microsatel l i te  markers 
(D8S504, D8S264, and D8S262) from the EPMR 
region were queried in the CEPH data base for 
homology to known YAC clones. Preliminary 
characterization of 12 positive addresses yielded 

a total of seven YAC clones 
(796G6, 810F8, 858E12, 
931B2, 679D3, 7 8 7 C l l ,  
and 930A2) that, as shown 
here, unambiguously map 
to the disease gene region 
and contribute to the ge- 
nomic coverage of the re- 
gion. Marker D8S201 iden- 
tified several clones from 
the Mega YAC library, four 
of which (787Cll,  797Cll ,  
808E6, and 930A2) were 
also positive for DNA mark- 
ers D8S262, AFMO77yg5, 
and AFMaO54td9. These 
four markers span an esti- 
mated 3 cM. One of the 
YAC clones identified by 
th is  s c r e e n i n g  (808E6) 
overlaps wi th  a D8S264 
positive clone (931b12), 
thus closing the gap be- 
tween markers D8S264 and 
the  c e n t r o m e r i c  YACs. 
Then, YAC-end STSs for 
three YAC clones (931B2, 
858E12, and 796G6) were 
used to PCR amplify YAC 

clones obtained from the CEPH data base. Alu- 
PCR fingerprinting by scientists at CEPH indi- 
cated that these clones were members of the 
same contig with YAC clones known to be posi- 
tive for markers D8S264 and D8S504. Two YAC 
clones (972C9 and 926Fll)  could be unambigu- 
ously mapped to the contig by this procedure 
and one more, 781Dll ,  was later shown positive 
for YAC-end STSs 463B10R and 679D3L. To fill 
the gap between markers D8S264 and D8S504, we 
screened the CEPH Midi YAC library (Albertsen et 
al. 1990; Green and Olson 1990) with DNA 
marker  D8S264 and ident i f ied YAC clones 
463B10, 241D10, and 42F7. We then screened 
the library with YAC-end 241D 10R and identified 
clones 225G1, 374E8, and 485Cl l .  None of these 
clones extended to D8S504 and thus did not fill 
the gap between D8S264 and D8S504. Then, we 
queried the data base for contigs using YAC 
858E12 that contains locus D8S504 and found 
two, WC-148 and WC-1335 (Center for Genome 
Research at Whitehead Institute for Biomedical 
Research, Cambridge, MA). From these contigs 
we ident i f ied three addi t ional  over lapping  
clones, 808B12, 795Ell,  and 772C1. 
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Figure 2 Six-point analysis in EPMR pedigrees assuming a fixed order of five 
marker loci on chromosome 8 as described in Methods (Linkage). The telomere 
is to the left. 

Three un ique  YAC-end clones (42F7L, 
463B10L, and 808B12R) identify similar sets of 
overlapping YAC clones. Two lines of evidence 
indicate that these end clones encode low-copy 
repeat DNA sequences (indicated by "X" in Fig. 
3). First, over half of all the CEPH Midi YAC li- 
brary pools were positive when PCR-amplified 
with primers specific for 463B10L and 808B12R. 
Second, Southern blot analysis of TaqI-digested 
YACs from the contig revealed multiple homolo- 
gous restriction fragments for the radiolabeled 
PCR products of 42F7L and 808B12R. Also, hy- 
bridization of digested total genomic DNA with 
radiolabeled PCR product of 42F7L resulted in a 
smear instead of discrete bands. Unlike YAC 
clones 42F7 and 808B12, clone 463B10 does not 
contain the end clones 485Cl lR and 374E8R, 
suggesting that it does not extend as far in the 
centromeric direction as the overlapping clones. 

The EcoRI cloning site of the YAC yRM2205 
maps within 350-450 kb of the 8p terminus by 
RecA-assisted restriction endonuclease cleavage 
mapping (H. Riethman, pers. comm.). The place- 
ment of our most distal marker, AFM185xb2, in 
this YAC clone thereby positions the contig at 
the very distal region of the short arm of chro- 
mosome 8. Somewhat surprisingly, YAC-end STS 
772clL appears to map telomeric to yRM2205 
(Fig. 3). 772clL does map to chromosome 8 be- 
cause it amplifies chromosome 8-only cell hybrid 
DNA, but it does not amplify other YACs in the 
contig. It seems most likely, therefore, that this 

STS maps either telomeric 
to YAC yRM22055, or it 
maps to a deleted portion of 
t he  s u b t e l o m e r i c  YAC 
clone. In Figure 3 we have 
based the degree of overlap 
between YAC clones strictly 
on the n u m b e r  of STSs 
shared between YACs, and 
thus the size of the overlaps 
are not representative of the 
actual size of the homolo- 
gous regions. We estimate 
that the minimum distance 
between loci AFM185xb2 
and AFMa054td9 is the sum 
of the sizes of the nonover- 
lapping, nonchimeric YACs 
810F8 and 931B2, which is 
2.1 Mb. The minimum dis- 
tance spanned by the entire 
contig is 3 Mb. Genet ic  

mapping indicates that  the relative order of 
Genethon markers (telomeric to centromeric) is 
AFMaO54td9, AFMO77yg5, and D8S262. Because 
D8S201 cosegregates with these three markers in 
the EPMR pedigree, we are unable to position it 
within the cluster. 

DISCUSSION 

The epilepsies are characterized by recurrent con- 
vulsive and nonconvulsive seizures resulting 
from partial or generalized epileptogenic dis- 
charges in the cerebrum (Delgado-Escueta et al. 
1983). Clinically and etiologically, the epilepsies 
are a heterogeneous group of diseases. Etiological 
causes range from predominantly environmental 
as in the case of posttraumatic epilepsies to pre- 
dominantly genetic as exemplified by EPMR. In 
humans there are >140 Mendelian traits (includ- 
ing disorders of amino acids, enzymes, hor- 
mones, and vasculature) that include epilepsy as 
part of a more complex phenotype. These pa- 
tients, however, account only for a small fraction 
of all epilepsy patients. Most cases of heritable 
epi lepsy are be l ieved to be mul t i f ac to r i a l  
(Gardiner 1990). Patients with EPMR are distin- 
guished from the majority of epilepsy cases in 
that they suffer mental deterioration following 
the onset of seizures. The degree of mental dete- 
rioration correlates with the severity of cerebral 
atrophy. The cause of epilepsy and the general- 
ized atrophic process in the brain are unknown. 
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F i g u r e  3 YAC contig of the EPMR region. The contig spans the region between the telomeric marker 
AFM185xb2 and the centromeric locus D8S262. Microsatellite markers are shown in boldface type. The STSs 
developed in this study are shown in plain type. STSs derived from computerized data bases (see Methods) are 
underlined. (O) An STS wi th in a YAC; (l-I) chimeric YAC ends, wi th the exception of one ( I )  that maps to 
chromosome 8 by PCR analysis but that maps outside the EPMR region. (X) Repetitive YAC ends. (©) Sequence 
information is not available for these YAC ends. The order of microsatellite markers is determined by genetic and 
physical mapping. 

It is no t  known  whether  or to what  extent  the 
f requency of seizures or the dose and dura t ion  of 
medica t ion  are correlated wi th  cerebral a t rophy.  
In any  event,  the  association between cerebral 
a t rophy  and the dura t ion  of epilepsy or menta l  
deter iorat ion dist inguishes EPMR patients  from 
those wi th  general chronic  epilepsy (Hirvasniemi 
and  Karumo 1994). 

Recently, a missense mu ta t ion  in the c~4 sub- 
uni t  of the neurona l  nicot inic acetylcholine re- 
ceptor  was reported to be associated wi th  the  
ch romosome  20q form of ADNFLE (Steinlein et 
al. 1995). It is relevant  in this regard tha t  nei ther  
of the  two nicotinic acetylcholine receptor sub- 
u n i t s  r e c e n t l y  m a p p e d  to  c h r o m o s o m e  8 
(Koyama et al. 1994; Spurr et al. 1995) are located 
near  the EPMR locus. We considered the cathep- 
sin B gene to be a reasonable candidate  for EPMR 
based on  its phys ica l  loca t ion  and  func t ion .  
Tagawa et al. showed in 1991 tha t  cathepsin  B is 
an intracellular protease wi th  amyloid  precursor 
p ro t e in  (APP) secretase act ivi ty .  Because APP 

secretase cleaves the amylo id  [3 peptide found  in 
senile plaques of A1zheimer patients,  we reasoned 
tha t  a m u t a n t  ca theps in  B migh t  conceivably  
lead to neurona l  dysfunc t ion  in EPMR patients.  
This possibili ty was, however,  excluded by  the 
identif icat ion of recombina t ions  between a ca- 
theps in  B RFLP and the EPMR locus. One conse- 
quence  of the  c o n s t r u c t i o n  of a YAC con t ig  
across the EPMR disease locus is that  we can now 
el iminate  as candidates  any  genes tha t  fail to 
map  to YACs in this 3-Mb region. For example,  
we have already e l iminated the squalene synthe-  
tase gene tha t  maps  to 8p22-p23.1  and is in- 
volved in cholesterol synthesis  (Shechter et al. 
1994) as a possible candidate  gene. 

We describe the physical  mapp ing  and clon- 
ing of the min imal  genetic region encompass ing  
the EPMR locus. A key recombina t ion  event  has 
been identif ied tha t  reduces the min imal  genetic 
region encompass ing  the disease locus to 4 cM. 
H a p l o t y p e  a n a l y s i s  i n d i c a t e s  t h a t  a s ing le  
founder  effect m u t a t i o n  accounts  for 18 of 21 
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Table 1. YAC-end STSs Listed by the YAC Address 

STS NAME PRIMERS 5' -3 ' 

225GIR 1 ATT CCT TTG CCC TGT ACA CG 
2 GTG CAG ATA AAC CAG TGT CTG C 

241DIOL 1 GGG TAA GGA AAG ATG CCA CA 
2 AAA CAG GAC GGA CTC CAG G 

241DIOR 1 ATT CCG CTT TGG TTT CCC 
2 CCA ACA CAT TCC CAG TGC TA 

374E8R 1 ATT CGC TCT GTA CTG AAA GGT G 
2 TCA CAG GCC CCA ATT CTC 

463BIOR 1 CAC TTC CCA GCA GAC ATT CC 
2 TAT GAG CAA GCC TGG AGT CC 

485CLIL 1 AAA GGA TGC TGG GCC TTA TT 
2 CCA GGT CCC TGG TGT TTT AA 

485CLIR 1 TTC AGT TGC TTC TGT ATT TCC A 
2 TGG CTG CAT CAG TAG CTC TG 

679D3L 1 CTT TGA CTT CCC GTA CTG GG 
2 CTG GAA TTT GTA TTT AGG GCA 

772CLL 1 TCT CAC CTG ACC CAT GAT GA 
2 TTT TAC TCA GCC TGG CGT G 

796G6L 1 TTT CAC TCT CTC TGT TTT C 
2 TGT TCG ATC ACA TAG CTC 

808BI2L 1 CAC AGG TGT GTA GAG CTC AGA A 
2 CTC CCA GAG ACA GAA CCT GG 

808E6L 1 TCA TCT CGG TCC TTC TCA GA 
2 CAT TTT GCT ATT CCT TTT AGC C 

808E6R 1 TTC GTC GAT TTT CCT GCT CT 
2 AGA AAT GGG GGA AAG GAG AA 

810F8L 1 AGA AAC TTC CGA GTC CAG TCC 
2 TTT CTG TGA GTT CCC GAG CT 

810F8R 

858EI2L 

1 TGA GGT GCT TCT GTT TGT GG 
2 GAA TTC TGG GAA GGT GGT AGC 

1 ATG AAA CGC AGC GGA AAC 
2 GGC AGC AAT TCC ATC AAG 

858EI2R 1 CCA GTC TAC ACA ATC AGA AAA C 
2 ACC TGT GTC GCT TAG ATG 

931B2L 1 ACT TGA AGT TCC GAT GCC C 
2 TTC TGC TGA GTG GGA GCC 

972C9R 1 AGG GTC AGT TTC TGG AGA TTT G 
2 TGG GAA GGG AAA GAA TTG G 

(R) Right and (L) left arm of the vector. Primer sequences are shown. 

(15 of 18) or very similar (3 of 18) 
haplo type  and heterozygous for al- 
lele 3 in the remain ing  3 affected 
individuals.  D8S264 allele 3 occurs 
wi th  a f requency of -20% in the 
gene ra l  p o p u l a t i o n .  G iven  the  
strong evidence for a founder  ef- 
fect in this large pedigree, we ex- 
pect that  this marker  detects a re- 
gion of homozygos i ty  across the 
disease locus and tha t  further de- 
l ineat ion of this region will expe- 
dite the disease gene search. On 
the basis of the marked homozy-  
gosity of D8S264, we consider the 
3 - c M  c h r o m o s o m a l  r e g i o n  
b o u n d e d  by  D8S504 and  AFM- 
aO54td9 to be the most  likely site 
for the EPMR gene. The YAC clones 
spanning  this region can now be 
used as DNA sources for gene iso- 
la t ion  and as probes to ident i fy  
shorter  genomic (P1, BAC, or cos- 
mid) clones or cDNA clones. Our 
i m m e d i a t e  goals are to iden t i fy  
physical ly  mapped ,  po lymorph ic  
markers  (Pe t rukh in  et al. 1993) 
tha t  span the min imal  genetic re- 
gion. These markers will be used to 
d e f i n e  t h e  m i n i m a l  r e g i o n  of  
marker  h o m o z y g o s i t y  across the 
disease locus. We are hopeful  that  
this strategy will cont inue  to nar- 
row the disease locus to a suffi- 
ciently small genomic  region that  
gene-coding segments can be sys- 
tematical ly identified and charac- 
terized as potent ia l  disease genes. 
We have begun to identify cDNA 
sequences tha t  map  to the mini-  
mal  genetic region using immobi-  
lized YAC DNA and selective hy- 
bridizat ion condi t ions  as described 
previous ly  (Bonaldo et al. 1994; 
Soares et al. 1994) 

affected individuals wi th in  the extended EPMR 
pedigree, except ing on ly  the 3 affected offspring- 
fec ted  o f f sp r ing  of a m a r r i e d - i n  f a the r  w h o  
clearly harbors a disease ch romosome  with  a dis- 
t i n c t  h a p l o t y p e  ( T a h v a n a i n e n  et al. 1994).  
Among the DNA markers in the EPMR region, 
on ly  marker  D8S264 is homozygous  (allele 3) in 
the 18 affected individuals who conta in  identical 

METHODS 

Linkage 

Two-point and multipoint analyses were carried out using 
MLINK and LINKMAP, respectively, of the FASTLINK com- 
puter program package (Cottingham et al. 1993; Sch~iffer 
et al. 1994). To reduce the computation time required for 
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Table 2. Characteristics of YAC Clones in the EPMR Contig 

YAC address YAC size a Right end b Left end b 

225G1 280 + Chi 
241 D10 470 + + 
374E8 360 + Chi 
42F7 350 N.D. Rep 
463B10 270 + Rep 
485C11 360 + + 
679D3 740*, 360/280 N.D. + 
772C1 1 770*, 1300 Chi + 
781 D11 580*, 650 N.D. Rep 
787C11 1740*, 1600 N.D. N.D. 
795E11 1800 Rep Chi 
796G6 1280*, 950 Chi + 
797C11 1670*, 1250/950 Chi N.D. 
808B12 1230*, 900 Rep + 
808E6 1 780*, 1200 + + 
810F8 1180", 1000 + + 
858E12 810", 800 + + 
926F11 950 Chi Chi 
930A2 1480" N.D N.D. 
931 B2 1230*, 1100 Rep + 
972C9 850 + Chi 
yRM2205 250* N.D. N.D. 

ayAC sizes were determined in our laboratory, except those marked by an asterisk (*), which were derived from 
computer data bases (see Methods). In cases where the YAC contained more than one insert, the sizes of each 
insert are separated by a / symbol. 
b(+) Unique sequence DNA mapping to chromosome 8; (Chi) chimeric, indicating that the YAC end does not 
map to chromosome 8; (Rep) repetitive DNA sequence; (N.D.) not determined. 

lod-score calculations, alleles were down-coded. For the 
multipoint analysis, we used the following fixed order of 
markers and respective sex-averaged map distances: telo- 
m e r e - A F M 1 8 5 x b 2 - D 8 S 5 0 4 - D 8 S 2 6 4 - A F M a 0 5 4 t d 9 -  
D8S262-centromere (1.0, 1.0, 2.0, 3.0 cM). To evaluate 
linkage between the potential candidate gene, cathepsin B, 
and the EPMR locus, primers were designed to amplify in- 
tronic sequence between exons 8 and 9 (primer sequences: 
5'--~3' forward-GGG AGA TAC CCC CAA GTG TAG C, re- 
verse-CCT TCT CGC TAT TGG AGA CGC) (Chan et al. 
1986; Gong et al. 1993). Radiolabeled PCR product was 
used to probe Southern blot filters containing restriction 
digested DNA (BamHI, BgllI, BstI, EcoRI, HaeIII, HindIII, 
KpnI, MspI, PstI, PvuII, RsaI, StuI, TaqI) from a panel of 
unrelated individuals to detect RFLPs for linkage analysis. 

YACs and YAC Library Screening 

YAC clones were isolated by PCR screening of the CEPH 
Midi and Mega YAC libraries (Albertsen et al. 1990; Daus- 
set et al. 1992), or they were identified from two of several 
physical mapping data bases available through the World- 
Wide Web. One YAC clone, yRM2205 [Genome Data Base 
(GDB) designation D8S596, D8Z5], was isolated from a 
telomere-enriched library and kindly provided to us by Dr. 

Harold Riethman (Wistar Institute, Philadelphia, PA). 
Marker D8S264 and several YAC-end sequence-tagged sites 
(STSs) (858e12R, 858e12L, and 241d10R) were used to 
screen the CEPH Midi YAC library by PCR amplification 
and combinatorial pooling strategies (Albertsen et al. 
1990; Green and Olson 1990). Positive YACs were picked 
from glycerol stocks, colonies were amplified, and the re- 
sult was verified by PCR with the original marker before 
YAC-end isolation was attempted. The Mega YACs positive 
for markers D8S504, D8S264, D8S201, and D8S262, as well 
as a number of YACs placed in the region by Alu-PCR 
fingerprinting, were ascertained from the CEPH data base 
(Cohen et al. 1993). Three YAC clones (808B12, 772C1, 
795Ell) were selected from YAC contigs WC-148 and WC- 
1335 (Center for Genome Research at Whitehead Institute 
for Biomedical Research, Cambridge, MA). YAC DNA was 
separated from the yeast chromosomal DNA by pulsed- 
field gel electrophoresis using a Pharmacia LKB apparatus 
with a hexagonal electrode and alkali blot filters were pre- 
pared. The filters were hybridized with radiolabeled total 
human genomic DNA to determine the size of each clone. 

YAC-end Isolation 

YAC ends were isolated by ligation-mediated PCR ampli- 
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fication with minor  modificat ions of published protocols 
(Kere et al. 1992). YAC DNA from single clones was pre- 
pared in agarose beads and digested in separate 15-1xl re- 
actions with RsaI, AluI, PvuII, and EcoRV. A short l inker 
sequence (2 pmoles), T4 DNA ligase (2 units), and buffer 
r e c o m m e n d e d  by the enzyme supplier were added, and 
the reactions were con t inued  for 1-2 hr  at 37°C. One mi- 
croliter of the ligated mixture was amplified by PCR in 
20-1xl reactions using the linker pr imer (3 pmoles) and a 
YAC vector arm-specific primer (30 pmoles). The 5 × PCR 
buffer conta ined 20 mM MgC12, 335 mM TRIS-HCL (PH 8.8), 
80 MM (NH4)2SO4, 50 mM [3-mercaptoethanol, and 0.5 rag/ 
ml of bovine serum albumin.  Temperature cycling condi- 
t ions were as follows: 94°C for 4 rain followed by 35 cycles 
of 94°C for I rain, 64°C for 2 rain, and 72°C for 2 rain. One 
microliter of the reaction mixture was di luted to 500 ixl 
wi th  water and reamplified using the linker pr imer and an 
internal  YAC vector arm-specific pr imer in 50-1xl reactions 
under  the same concentra t ions  and temperature condi- 
tions as above. The primer sequences were as follows: YAC 
vector  arm, left, 5'-CACCCGTTCTCGGAGCACTGTCC- 
GACCGC-3'; internal,  left, 5'-TCTCGGTAGCCAAGTTG- 
GTTTAAGG-3'; YAC vector arm, right, 5'-ATATAGGCG- 
CCAGCAACCGCACCTGTGGCG-3';  internal ,  right, 5'- 
TCGAACGCCCGATCTCAAGATTAC-3'; linker primer 5'- 
GCGGTGACCCGGGAGATCTGAATTC-3 ' ;  l i nke r  5 '-  
GAATTCAGATC-3'. The reampli f icat ion products  were 
run on  a 1.5% low-melt ing-point  agarose gel, excised, and 
sequenced. Both ends of the YAC 810F8 were isolated by 
the vectorette PCR me thod  (Riley et al. 1990; Wang et al. 
1995). The primer pairs specific for the YAC insert end 
genomic  DNA were selected using the PRIMER program 
(M.J. Daley, S. Lincoln, and E. Lander, Massachusetts In- 
stitute of Technology).  Each STS was used to amplify the 
parent  clone, DNA from a ch romosome  8-only hybrid cell 
line, and other  YACs wi thin  the contig. The oligonucleo- 
tide primers used to detect STSs are presented in Table 1. 
Some characteristics of the YACs are shown in Table 2. 
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