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Progress K c p n  

A .  Progress 9/1/90-8/30/91 

Progress in the past year has heen excellent. Significant advances have been made toward several goals. In 
pamcular. the accumulation of irdluonal large insen clones of known locatJon on the X. idendficauon of lsease 
loci and associated penes. and genemuon of new cDNAs. polymorphic markers and sequence-ugged sites. 

YAC llbrarles 

We have constructed b o  b b m t s m  the pYAC4 vector. The first (X3000 library) was made with DNA from the 
hybnd cell line X3ooO-113. whichrmns'the human X chromosome region from Xq24 to Xqkr as lts only human 
DNA in a Chinese hamsrer fibroblaw cell . The second (4.12 library) was cmsuucted from DNA denved from the 
4.12 cell line. which retuns an mwt  X chromosomeas its only humanmaterialin the same background cell line. 
Human positive clones were idenufied at 0 4% in the X3OOO library. and -2% in the 4.12 hbrary. Approximately 
500 human YACs have been isolrrted from these two libraries Welson el ol., PNAS 1991). 

We also have available the toul human UAC library from Olson and Schltssmger at Washington University (St .  
Louis). Approximately 56.000 clones has been vansfemd IO Baylor and stored In tnpbwte. Jn addmon. the total 
humanYAOltbrary41nmlhe CEPH in Pans 1s almosl completely assembled a1 Baylor. T h i s  7x library (-50.000 
clones) with 400 kb avenge insen size will be available for screerung u1 one-rwo months. These effons have already 
resulted in the establishment of the facilities and methods needed for routme storage and screening of large collections 
of Y AC clones and derived mfomauon. 

Effons to continue to produce YAC libraries in house conrinue. with the aim of isolated larger clones from hybrid 
cell lines. One attractive hybrid has been obtained from the Willard gmup. This cell retains mulnple X 
hromzG-mes (an avenge of 6) in a mouse cell background. rhis line has also been madeavailable to Larry Deavan 
of Los Alamos Narional Labs to attempt to produce YACs from soned X chromosomes. This library will also 
become available to us upon completion. Collection of various clones and of adhtonal libraries will supplement the 
c m n t  materials. 

YAC assignment 

Figure 1 shows the curreni YACs of known location. Over 200 clones have either been localized by random 
assignment or isolated with specific PCR assays. The somatic cell hybrid libraries have yielded 113 Iocahzed 
clones. 40 from the 4.12 l i b w  and 73 from the X3000 library. This represents about 1/4 of the total clones 
isolated. These YACs average -130 kb in length. These assignments have been made by Southem hybridization of 
A h  PCR products derived from the YACs to a hybrid mapping panel for localization (fieison er al. PNAS 1991). 
lndividual P C R  assays of the St Louis and CEPH libraries have yielded an additional 85 clones for numerous specific 
loci. A few other clones have been obtained from other investigators' (A. Monaco and R. Nussbaum) collections. 
Five YACs from the SI. Louis lib- are represented in figure 1 by underlining. These are random clones identfied 
by X-specific bulk Alu PCR probes and subsequently sub-lccalized. 

YAC isolation 

To identify specific YACs from the St. Louis library.we have adopted a three step strategy similar to that of Green 
and Olson. This firs1 requires the isolation of DNA from 150 pools composed of abour 400 YAC clones each. 
Screening for the presence of specific PCR-generated products on 30 "master p l s "  containing 5 such individual 
pools is followed hy secondap screening on the individual pools m a h g  up the posidve masters. A "row and 
column" F'CR approa:h allows narrowing of the posiiive to four colonies out of 384 in the PI. and this is 
followed by amplificaiion of crude lysates from each colony 10 identify the clone. T?us has proven superior to the 
hybridization method in reproducibbry and ease. Several regions are being studled intensively (see below) and 
YACs aTe being isolared in successive "chromosome walkurg" experiments to generate conlip. Ease of PCR 
screening is an imponant determinant of the efficiency of these effons. 
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A major goal of our technique development area is to determine the kasibillty of suMvidmg total libmnes into 
specific sublibraries derived from individual chromosomes using Alu PCR p-oduct p#hes denved from single 
chromosome (or morg reduced) somatic cell hybrids. Preliminar?; results using Alu PCR product prohes denved 
from sinple-chromosome hybrids io screen colony hybridmoon ftlters have identified Y ACs from the St. Louis 
l ibmy that have subsequently been confirmed to map IO the chromosome used to generate the probe. Figure 1 
shows 5 such clones from the X. which are designated by underlining. These results are preliminaq'. but very 
encouraging for the dissection of toud human libranes into chromosome specific sublibranes. and for further sub- 
fractionation of chromosome specific clones. Cumntly. we are attempting to use such a protocol to assign the 500 
X clones to suh-rcgions. This promises to be far more efficient than the individual assignment of clones has been 
(see below). Numerous YAC clones have already been assigned 10 chromosomes or subchromosomal regions 
through the "dot-Mor" procedure described for the characterization of the chromosome content of somatic cell hybrids. 
This employs ~ l u  PCR product probes derived from the YAC to hybridize dot blots composed of Alu PCR products 
from various hybrid cell lines. The major advantage of the do1 blot method is the increased number of clones that 
can be analyzed and the npid~ty  with which the analysis can he carried out. This will allow the npid determinauon 
of 01: chmmnsomnl loc~ltons of candidales for chromosome of repion specific clones. 

Speclflc loci 

Fragile X Syndrome. One of h e  major successes of the past year has been the identification of the fragile X -- 
site and an associarcd gene. FMR-1. This was accomplished in close collaboration with Drs. Steve Warren of 
Emory University in Atlanta. and Ben Oostra of Erasmus University in Rotmdam (Verkerk CI 01. Cell 2991). 
Fragile X syndrome is the most common form of inherited mental relardation. with a frequency of -1/1200 males. 
One of the nndomly assigned clones from the X3000 library. RS46. was found to be close to the fragile X mulation 
site as defined by s series of fragile X associated X chromosome b d q x h t s  generated by Dr. Warren. Ttus led us to 
funher investigate RS46 and the physical map of the region. An overlapping 450 kb YAC from the CEPH libran. 
(none of the librvics presenr ai Baylor contained overlapping clones) allowed extension of the cloned region across 
the fragile site.'and eventual isolation of the fragile X mutation region and associated gene. 

The fragile site has turned oui to be one of the most interesting loci in the human genome from the point of view of 
mutarional mechanisms. The fragile site consists of a repetitive sequence present in an exon of the FMR- 1 gene. 
The repeat iS (CGG), and encodes arginine in the cDNA reading h e .  We have recently determined by PCR that 
the number of CGG repeats is pol_morphic in the human popularion. varying from a low of 6 IO a high of 46 
repeats. with an avense length of 29 repea& (Fu el af., submitled). Females are heterozygous for allele length 4 5 %  
of the time. and we have observed 28 different alleles thus far. 

Fragile X families have two types of mutations. The first. a "premutation" involves an expansion of the number of 
CGG repeats above the normal range. We have obsented premutation alleles from a low of 52 IO a high of -250 
repeats. These hsve no phenotypic effect in males or females, and explain the "Sherman paradox" of so-called 
normal uansmitting males and their daughters. Meiotic transmission of the premutation resulrs in alterations in She 
in nearly every case studied thus far. These can be subtle (60 repeats to 75 repeats) or dramatic (60 repeats lo a 
fragment suggesting several hundred to thousands of repeals--in which case the repeals cannor be assayed by KR). 
n e  dramatjc changes are always observed in female meiosis. never in male meiosis. further explaining the observed 
risks of offspnng in fnpile X @ p e s  (daughters of transmitong males are never retarded). I h e  "full" mutalion is 
associated with the Fragile X pbenotype in males and in the minority of affected females. Alleles of the "full" 
muration are highly mosaic: this region appears to be quite unstable mitonrally in the expanded form. Continued 
study of rht fnpile siie region should allow determinatjon of the nature of the mutations and insight into the 
propensir? of the CGG repeat to high muration frequencies. 

f h e  FMR-I gene found 3t the fragile site appears to k involved in generalion of the syndrome (F'ieretti. et 01. Cell 
1991). The majoriry of fragile X males show no mRSA for this gene in their peripheral blood leukocytes. This 
correlates u i t h  hypermethybtion of the CpG island ad-acent to the CGG repears. A minority of fragile x' patients 
show near norms1 levels of M- I *'A in b l d  cells. and this correlates with incomplete methylation at the 
CpG island. However. this latter group is highly mosaic for b o t h  the methylation and the size of the allele. often 
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with a "premutation" sized allele in addition to the full mutatlcm alleles. The fact that these lndividuals are affected 
' would suggest that the blood cells analyzed are not the appropnaic Ussue or dtvelopmenlal slage at which to assay 

the presence of FMR-I. 

Lowe's syndrome. Of the 97 YAC clones assigned to subregions of Xq24-qter. one done was idenufied 
which crosses the breakpoint in the X chromosome retained in h w e - 3 .  This chromosome was isolated from a 
female patient uith the oculocerebronnd syndrome of h w e .  and is a translocation of X to chromosome 3 with a 
breakpoini in X Q S .  The A h  PCR products used to assign RS88 were found to map LO either side of the 
uanslocation breakpoint. This finding led to funher analysis of the RS88 clone. with the idenuficauon of a 4.3 kb 
Ah-Alu PCR product lha1 conmns the region of the translocation tn Lowe-3. and we have nanuwed the bredqmint 
to a 100 bp region in this fragment. In collaboralion with Roben Nussbaum of U. Penn. we are attempting lo 
define h e  gene irivolved in this disease. Several canddate cDNAs have been found using the RSfG Y AC as a probe 
i n  cDNA libraries. One of these appears to fulfill the cntena for mvolvement in Lowe's syndrome. 11 spans the 
translocauon breakpoirlt in  Lowe-3. is absent from cell lines from the translocauon patient. i s  absent from other 
fxlv;e's patienls' crl! lines. ?nd is alwred in size. in another pauent. The mRNA is 5.5 kb and is  found in numerous 
tissues. Sequence malysis is  commencing to allow guesses at Ihe function of this gene. 

Other X-llnked loci of lnterest at Bayfor. Contig assembly is proceeding rapidly in several other regions 
surrounding disease loci of interest to Baylor researchers. Among these arc the XIST. W. ?LA. XLP. GWAHC. 
IDS. and Ret1 syndrome-nanslocation loci. Additionally. effons to span Xq28 uiill provide maurials for the 
numerous disease loci in this popular region of Ihe genome. Candidate genes for the X-inactivalion center and for 
the );AL (Kallmann) syndrome defect have been identified. and significant YAC contigs have becn defined 
surrounding these areas by Andrea Ballabio's group at Baylor. Collaboration with B a h y  Sylla and Gilben Lcnoir of 
IARC in Lyon has allowed consuucdon of a 1 Mbp conug of YACs near the >;-linked lymphoproliferative 
syndrome locus (XLPj in Xq25. Significant progress in bridging the scarce markers in the Xp21.2-21.3 repions 
distal LO DMD has bceii made hy the effons of Huda Zoghbi and M McCabe's groups at Baylor. These focussed 
effons provide highly deiailed description of X chromosome repions of great interest. 

Alu PCR and variatlons 

One of Ihe major pods of the original application was the development of a novel technique that has become known 
as "Alu PCR". This mcthod has become a standard one for analysis of the human genome. Recent work at Baylor 
has defined additional repeals that can be used (from human as well as mouse and even bacteria) for similar purposes. 
and has provided numerous variations on the general theme for ever more useful applications of the Iechnique. Many 
of these are reviewed in Merhods (Neison. 1991). 

HncDNA development 

We recently reponed the development of a melhod for isolation of human-specific transcripts from somatic ceII 
hybrid RNAs (Corbo er nl. Science 1990). Addtionid efforts in this area indude sequence analysis of the hncDNA 
clones isolated for development of mscript-lagged. sequence-tagged sites. Of 71 clones available. 35 have been 
sequenced thus fu (using the Phmac ia  A L I .  automated sequencer). Of these. 15 have over 350 bp of sequence 
data. Pnmers for PCR are k i n g  designed for STS developmenL The PCR tesls will allow sunple sublccal~zaiion 
and idennfkation of correspondmp YAC clones. 

Novel polymorphic markers 

Sequence analysis of the human HF'RT locus has identified a shon randem repear (STR) thar is polporphic in 
repeat frequency. This pmicular sequence is CTAT repeated in 8 to 15 times in mdem. Single copy primers 
flan)Jng the r e p r e d  sequence have been utilized IO rapidly type DNA samples for alleles. The ad\.antage of h e  
mmer and lemmer STRs is ease of inierprelalion due to the spacing of al)elts (3 or 4 base pairs instead of 2) .  We 
have developed oligonucleotide probes t h a  can identify clones containing such repcai sequences. Mehods for the 
npid isolation of STRs and surrounding sequences hy ampiificatlon are berng developed. Since such polymorphisms 
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are plentiful (estimated one per 100 kb). reasonably simple u, identlfy and very sunple Io assay. they ue bound to 
become standard genetic markers. We an lnvestipaung methods for rsolaung STRs brtctly from YAC clones and 
for idenufyinp potential STRs withm the YAC clones hy hybndization. Although some such repeals will be found 
in the yeast genome. i t  should be possible to identify ones without yeasl equlvalenu. and to use these for rapid 
idenofication of YAC clones with polymorphic sites. allowing definiuon of genetic markers llnked to the physical 
locations defined h j  the YAC clones. 

From a flow-soncd IlhrJv of the X chromosome In bacteriophage l a m b .  28 hfferenl STR loci have been idenofied 
and subcloned inio M I 3  Tor sequencing. These will be used to develop pnmers capable of amplifying the STR and 
determining the polymorphism of each locus. These loci will be placed on h e  physical map by amplificaoon of Ihe 
somatic cell hyhrid niapping panel. and by analysis of the YAC Iibranes. Genetic mapping will be performed in the 
CEPH families. 

B. Objectives 9/1/91-8/30/92 

No significant alienlions from the proposed stuhts arr contemplated Majdr eflons will concentrate on improvirig 
the genetic and physical maps of the X chromosome. and suppon of h e  regional mappmp effons ongoing al Baylor 
and collabora1ivcly in various centers worldwide will continue. The newly established MH-funded Human Genome 
Center at Baylor provides further suppon of X chromosome effons. with core facilities for YAC isolation. 
sequencing and DNA synthesis. cornpaation and mapping suppon. Smooth interactions between the Genome 
Center cons and this project already exist. and these are expected IO conhue. It is expected that the next year of 
funding will pencruc significant new insights into the organization of [he human X chromosome and associated 
disease loci. while contiiwiiig to produce cloned materials useful for these analyses. 
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