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The aquapor in  prote in  acts as a wa te r  selective, t r ansmem-  
brane  channel  (5). I t  is expressed in a wide range  of t i ssues  
and organs and is especial ly a b u n d a n t  in the  an te r ior  seg- 
men t  of the  eye (6, 7). S tudies  have shown tha t  there  is only 
a single AQP1 gene locus, which has  been localized by in  s i t u  
hybr id iza t ion  to chromosome 7p14 (1, 5). A s tudy  by Deen et 
al. (1) fai led to ident i fy any  RFLP  a t  the  AQP1 locus. A 
poly(CA) sequence 400 bp ups t r eam of the  t ranscr ip t ion  s t a r t  
s i te also proved to be nonpolymorphic  (1). The same au thors  
identif ied six other  sequence-tagged si tes from a single cos- 
mid conta ining the ent i re  AQP1 gene. These all  contained 
r epea t  motifs, bu t  none was inves t iga ted  for possible size 
var ia t ion  a t  t ha t  t ime. 

In  an a t t emp t  to obtain a more accurate  genetic localiza- 
tion, we designed pr imers  to amplify  the  longest  and  leas t  
i n t e r rup ted  of these  r epea t  motifs (EMBL Accession No. 
Z21985). A forward p r imer  GGCACTGAGAGGTGTGGC and 
a reverse  p r imer  ATGCTGGCAAACACATGCAC gave a prod- 
uct  size of 86 bp conta ining the repeat .  PCR analys is  in 20 
indiv iduals  revealed no size var ia t ion.  However,  amplifica- 
t ion of th is  STS from DNA of YAC clones known to localize 
to the  7 p 1 4 - p 1 5  region (2) revealed t ha t  i t  was located on a 
contig of th ree  YACs also conta ining the microsate l l i te  mark-  
ers D7S632 and D7S526 (Fig. 1). I t  was possible to deduce 
from the  contig tha t  AQP1 is proximal  to D7S632, bu t  i ts 
posit ion re la t ive  to D7S526 is unknown. The publ ished ge- 
netic d is tance  between D7S632 and D7S526 is only 1 cM (2). 
Therefore,  despi te  AQP1 not having  a polymorphism direct ly  
associa ted with  it, these  two highly informat ive microsatel-  
l i tes  are  wi th in  370 (D7S526) and 400 (D7S632) kb of the  
gene and therefore  will allow its involvement  in inher i ted  
disease  to be determined.  

Aquapor in  is known to be expressed in a diverse range  of 
secretory and absorpt ive  epi thel ia ,  including many  in the  eye 
(6), and  i t  has  been proposed as a possible candida te  for condi- 
t ions t ha t  involve an imbalance  of ocular  fluid movement  
(7). Two eye disease  loci have recent ly  been localized to this  
chromosomal  region. This  lab has  defined the region con- 
ta in ing  a locus for au tosomal  dominan t  re t in i t i s  p igmentosa  
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FIG. 1. Schematic diagram showing the three YACs containing 
the AQP1 locus and D7S526; two of the YACs also contain D7S632 
(YAC nomenclature as in Green et al. (2)). 

(adRP) to lie in an  in terva l  f lanked by D7S484 to D7S526 
(3). Subsequent  haplo type  analys is  in an  affected family has  
allowed us to place D7S690, which is absen t  from the  YACs 
in Fig. 1, proximal  to D7S526 and the  disease  region proximal  
to D7S690 (da ta  not shown). Thus,  aquapor in  is excluded as 
a candida te  gene in this  family. Another  group has  mapped  
dominan t  cystoid macu la r  dys t rophy  (DCMD) to the  in terva l  
D7S526-D7S493  (4), which over laps  our physical  p lacement  
of AQP1. DCMD is charac te r ized  by an  ear ly-onset  cystoid 
macu la r  oedema, and  i t  has  been sugges ted  t ha t  the  disease  
involves a dysfunct ion of the  re t ina l  p igment  epi thel ium.  On 
the bas is  of the  local izat ion descr ibed here  and i ts  role in 
fluid movement ,  the  aquapor in  gene should therefore  be con- 
s idered a candida te  for DCMD. 
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The recent  publ icat ion of deta i led  PCR-based l inkage maps  
for all  h u m a n  chromosomes (3, 5, 9) has  grea t ly  faci l i ta ted 
l inkage mapping  of disease  genes. However,  most  of the  
m a r ke r s  on these  maps  have been isola ted us ing  approaches  
based  on random screening of genomic l ibrar ies .  As a conse- 
quence, the  completeness  of coverage of the  map  in the  telo- 
meric chromosomal regions is uncer ta in .  To remove this  un- 
cer ta in ty  and to aid in posi t ional  cloning of disease  genes 
in telomeric regions, i t  is necessary  to develop polymorphic 
m a r ke r s  tha t  are  physica l ly  l inked to the  te lomeres  of all  
chromosomes. The need for telomeric ma rke r s  is h ighl ighted  
by the discovery t ha t  the  h ighes t  gene concentrat ions in the  
h u m a n  genome are  in subtelomeric  regions (11). 

The successful cloning of h u m a n  chromosomal te lomeres  
in modified YAC vectors (10) has  paved the  way for the  devel- 
opment  of such markers .  Thus, polymorphic ma rke r s  have 
been developed from YAC clones conta ining the te lomeres  of 
h u m a n  chromosomes 7q (6), 2p, 10p, 12p, 13q, and  14q (12). 
Here,  we repor t  the  isolat ion and charac ter iza t ion  of a highly 
polymorphic (CA)n microsatel l i te  m a r k e r  from a YAC con- 
ta in ing  the  te lomere of h u m a n  chromosome 1 lp .  

yRM2209 is a 140-kb YAC from a h u m a n  genomic l ib ra ry  
enriched for te lomere sequences (10). yRM2209 hybr id ized 
with  a probe for the  sub te rmina l  r epea t  e lement  TelBam3.4 
(2), and when used as  a probe for F ISH,  i t  gave a s t rong 
signal  a t  the  l l p  telomere,  bu t  also gave a weak  signal  on 
chromosome 10p14. Cosmid 194B is a pa r t i a l  Sau3A subclone 
of yRM2209. This cosmid gave a s t rong and highly specific 
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signal  on l l p t e r  wi th  FISH,  wi th  no t race of any secondary 
signal  on chromosome 10 (da ta  not shown). 

Probing Southern  blots of var ious  res t r ic t ion digests  with 
(CA)15 suggested t ha t  cosmid p194B contained a single (CA), 
repeat .  Screening with  radiolabeled  (CAb5 at  high s t r ingency 
identif ied a 1-kb Sau3A subclone of cosmid 194B tha t  con- 
t a ined  an un in te r rup ted  (CA)22 repeat .  Using the DNA se- 
quence f lanking this  r epea t  (GenBank Accession No. 
U12896), we designed PCR pr imers  to type this m a r k e r  locus: 
p194B/F, 5' AGGGCAATGAGGACATGAAC 3', and P194B/ 
R, 5' ATGTGGCTGGTCCACCTG 3'. PCR react ions were per- 
formed in a volume of 10 #1 containing 25 ng genomic DNA, 
5 pmol each pr imer ,  1.5 mM MgCl2, 200 pM dNTPs, 50 mM 
KC1, 10 mM Tris-C1,  pH 8.3, and  0.25 uni ts  of Taq polymer-  
ase (AmpliTaq). Three - t empera tu re  "touchdown" PCR ampli-  
fication was performed in a P e r k i n - E l m e r / C e t u s  Sys tem 
9600 thermocycler  us ing an  ini t ia l  annea l ing  t empera tu re  of 
70°C, which was decreased by I°C in each of the  first  10 cycles 
and then  ma in ta ined  at  60°C for 20 more cycles. Each cycle 
consisted of a 30-s 94°C dena tu r ing  step, a 15-s anneal ing  
step, and  a 30-s extension step at  72°C. A final 5-min 72°C 
extension was used. PCR products  were resolved on denatur -  
ing polyacrylamide  gels, capi l la ry  blot ted onto Hybond-N ÷ 
membrane  (Amersham),  and  detected by probing with  a 5' 
32p-labeled (CA)15 probe. Sizes of allelic f ragments  were deter-  
mined  re la t ive  to an M 1 3 m p l 8  DNA sequence ladder.  Allele 
sizes and frequencies in 72 unre la ted  CEPH paren t s  are 
shown in Table 1. The observed heterozygosi ty  was 86%, and 
the PIC was 0.83. Genotypes  of four CEPH paren t s  are 
133101:4,14, 133102:16,16, 133301:2,6, 133302:2,14. 

Ini t ia l ly ,  localizat ion of D l l S 2 0 7 1  to chromosome 11 was 
verified by showing tha t  the  STS was p resen t  in several  ro- 
d e n t - h u m a n  somatic cell hybr ids  t ha t  contained this  chro- 

Alle le  

T A B L E  1 

Sizes  and F r e q u e n c i e s  in 72 U n r e l a t e d  
CEPH P a r e n t s  

Allele Size (nt) Frequency 

A1 202 0.013 
A2 200 0.21 
A3 198 0.06 
A4 196 0.19 
A5 194 0.07 
A6 192 0.17 
A7 190 0.05 
A8 188 0.00" 
A9 186 0.007 
A10 184 0.00" 
A l l  182 0.013 
A12 180 0.007 
A13 178 0.00 ~ 
A14 176 0.05 
A15 174 0.007 
A16 172 0.13 
A17 170 O.007 
A18 168 0.007 

a Alleles A8, A10, and A13 were not observed in the population 
studied, but may be observed as the sample size increases. 
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