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A systematic search for expressed sequences in the
human Xq28 region resulted in the isolation of 8.5 kb
large contigs of human and murine cDNAs with no
apparent conserved open reading frames. These
cDNAs were found to be derived from the 3'-untrans-
lated region (3'-UTR) of the methyl-CpG-binding pro-
tein 2 gene ( MeCP2). This long 3'-UTR is part of an
alternatively polyadenylated, 10.1 kb MeCP2 tran-
script which is differentially expressed in human
brain and other tissues. RNA in situ hybridization to
sections of mouse embryo and adult tissues of an
Mecp2 3'-UTR probe showed ubiquitous low level
expression in early organogenesis and enhanced
expression in the hippocampus during formation of
the differentiated brain. Sequence comparison
between the human and mouse homologues
revealed several blocks of very high conservation
separated by less conserved sequences. Additional
support for a domain-like conservation pattern of the
long 3'-UTR of the MeCP2 gene was obtained by
examining conservation in the chimpanzee, orangu-
tan, macaque, hamster, rat and kangaroo. The mini-
mum free energy distribution for the predicted RNA
secondary structure was very similar in human and
mouse sequences. In particular, the conserved
blocks were predicted to be of high minimum free
energy, which suggests weak secondary structure
with respect to RNA folding. The fact that both the
sequence and predicted secondary structure have
been highly conserved during evolution suggests
that both the primary sequence and the three-dimen-
sional structure of the 3'-UTR may be important for

its function in post-transcriptional regulation of
MeCP2 expression.

INTRODUCTION

Methyl-CpG-binding protein 2 (MeCP2), an abundant chr
mosomal protein, was identified in 1992 (1) based on its sel
tive binding to methylated CpG dinucleotides in mammalia
genomic DNA. The methylation of the C residues in Cp
dinucleotides was associated with transcriptionally repress
chromatin states and with transcriptional silencing of gen
(2,3). Recently, a role for the MeCP2 protein in guiding a com
plex containing histone deacetylase to methylated chroma
domains was proposed. Histone deacetylation then induces
transcriptionally inactive condensed chromatin structure (4,
Mouse Mecp2 is dispensable for the growth andin vitro differ-
entiation of stem cells, but its absence in embryos cau
severe developmental defects and early embryonic letha
(6), similar to defects due to absence of another key compon
of the methylation pathway, DNA methyltransferase (7). Litt
is known, however, about the regulation of this gene.

As a part of the functional analysis of the human Xq2
region, we have developed a method based on the hybrid
tion of radioactively labelled complex cDNA probes derive
from different pig and human tissues to cosmid clones gridd
onto nylon filters and to blots of restriction digests of thes
clones (8). This approach led to the identification and isolati
of several new genes (9,10). The characterization of anot
transcribed region identified by this method initially revealed
very unusual cDNA contig with no open reading frame (ORF
highly varying discontinuous conservation between hum
and mouse and no introns in its underlying genomic sequen
Precise mapping and extension of this cDNA contig has sho
that it belongs to a >8.5 kb long 3'-untranslated region (
UTR) of the MeCP2 gene. It became clear that alternativ

+To whom correspondence should be addressed. Tel: +49 6221 424742; Fax: +49 6221 423454; Email: a.poustka@dkfz-heidelberg.de



1254 Human Molecular Genetics, 1999, Vol. 8, No. 7

r-
s
be

an-

he
p-

un-
b

).
3'-

-
the

sed
nti-

s
ine
),

mic

A
to

ence
e
r-

mo-
ore

and
d).

D
ow

nloaded from
 https://academ

ic.oup.com
/hm

g/article/8/7/1253/610656 by guest on 21 August 2022
polyadenylation of this human X-linked gene gives rise to one
1.8 kb transcript (11) or several much longer transcripts with
lengths of up to 10.1 kb, differentially expressed in various tis-
sues and containing different lengths of the long 3'-UTR. We
also cloned the complete mouse 10.1 kbMecp2transcript and
compared it with the 10.1 kb human transcript. Besides the
expected conservation of the ORFs between human and
mouse, a very high conservation of several blocks of sequences
in the long 3'-UTR sequences could be detected predicting a
conserved three-dimensional RNA folding.

Differential expression of the long and shortMeCP2mRNA
variants seen in brain and other tissues points to a possible
important role of this sequence in methylation-associated gene
regulation. The 3'-UTRs of genes have been shown to act in
post-transcriptional regulation of gene expression, such as the
modulation of mRNA degradation and stability, nucleocyto-
plasmic transport, sorting and localization of mRNAs in the
cytoplasm, modulation of translation and control of the coding
capacity of transcripts (12). The isolation and analysis of the
long variant of theMeCP23'-UTR provides the opportunity to
study the possible role of this sequence in modulation of
MeCP2protein expression.

RESULTS

Isolation of the long 3'-UTR variant of the human MeCP2
gene

To identify transcribed sequences in human Xq28, a region-
specific cosmid library (13) was screened with radioactively
labelled complex cDNA isolated from pig brain and muscle
(8). A cosmid Qc8D3 was detected, which showed a hybridiza-
tion signal with these probes. A Southern blot of a restriction
digest of this cosmid was then hybridized with the same
probes. A positive 4.5 kb longHindIII restriction fragment was
isolated and used to screen a region-specific cDNA library
(14). This led to the isolation of one positive cDNA clone,
31g3B4. Sequencing of this 1 kb long cDNA clone and a data-
base search revealed no significant homologies to known
sequences.

To extend the sequence, clone 31g3B4 was hybridized to a
conventional human fetal brain cDNA library and 15 positive
cDNA clones were isolated and sequenced. One end of the
sequence of the cDNA contig overlapped with the 3'-end of the
human MeCP2 cDNA sequence (GenBank accession no.
X89430) (11). The hybridization probe from the 3'-end of the
cDNA contig was generated by PCR and used to screen the same
cDNA library. Another 25 new cDNA clones were identified. A
new end probe was used to screen the cDNA library once more
and 19 new cDNA clones could be isolated. Finally, an addi-
tional walk extended the novel cDNA contig to 8323 bp fol-
lowed by a poly(A) tail indicating the 3'-end of the gene.
Northern blot hybridization was performed with one of the over-
lapping cDNA clones (JFC484) and a transcript of ~10.1 kb was
detected in all fetal and adult tissues tested (Fig. 1b and d).

In addition to the cDNA sequence of D’Espositoet al. (11),
which joined theMeCP2gene with the new cDNA contig, an
RT–PCR experiment on a mixture of RNAs using primers
MEC2 and D44 confirmed that theMeCP2 gene and the
8323 bp long cDNA contig belong to one transcript (data not
shown). Furthermore, a probe (MEC1-MEC3) representing the

coding region of the humanMeCP2gene was generated by
RT–PCR and hybridized to the northern blots, which had fo
merly been hybridized with the 3'-UTR probe JFC484. A
expected, the large transcripts detected by the 3'-UTR pro
are also detected by the coding region probe. The smaller tr
scripts (1.8 and 5 kb, respectively) of theMeCP2gene are only
detected with the MEC1-MEC3 probe. The ratio between t
10.1 and 5 kb transcripts changes significantly during develo
ment of the brain. Whereas the 10.1 kb transcript is more ab
dant than the 5 kb transcript in the fetal brain, the 5 k
transcript is more abundant in the adult brain (Fig. 1a and c

These results demonstrate that we have isolated the long
UTR of the 10.1 kb longMeCP2transcript. Database compar
isons reveal no significant sequence homology, except for
recently released 113 kb long genomic sequence of theMeCP2
locus (GenBank accession no. AF030876) and many expres
sequence tag (EST) sequences. Most of the 3'-ESTs are ide
cal to the 3'-end of the cDNA contig. A minority of the 3'-EST
cluster ~2.9 kb upstream of the 3'-end of the contig and def
another alternatively used poly(A) addition site (Fig. 2b
which can give rise to a 7.2 kb longMeCP2transcript. Tran-
scription of theMeCP2gene is directed from the telomere to
the centromere, on the complement of the published geno
sequence. The poly(A) addition site of the 1.8 kbMeCP2tran-
script is located at nucleotide position 21711. The new cDN
contig covers the complement of the genomic sequence up
base 13284 and both sequences are collinear with an abs
of any introns. At the 3'-end, the 10.1 kb long variant of th
MeCP2gene is flanked at a distance of <2 kb by the inte
leukin-1 receptor-associated kinase gene (IRAK) (15) (Fig. 2a).

Comparative sequence and expression analysis of human
and mouseMeCP2

Because a comparison between human and murine ho
logues could identify regions that are conserved and theref

Figure 1. Expression pattern of the humanMeCP2gene on northern blots of
poly(A)+ mRNA from different human fetal (a andb) and adult (c andd) tis-
sues analysed with a probe MEC1-MEC3 from the coding region (a and c)
with a probe JFC484 derived from the long variant of the 3'-UTR (b and
The size markers are in kb.
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possibly functionally important, we cloned and sequenced the
complete transcript of the mouseMecp2gene. To analyse the
mouse genomicMecp2locus, human cDNA clones JFC88 and
JFC484 (from 5'- and 3'-ends of the UTR, respectively) were
used to screen a mouse genomic P1 library (16) at reduced
stringency. One positive clone, PM703EO165, was identified.
This P1 clone was digested withPstI and HindIII, subcloned
into the Bluescript SKII vector and positive subclones were
sequenced. The same human cDNA probes were also used to
screen a mouse fetal brain cDNA library. Fourteen positive
cDNA clones were identified and sequenced. Sequence analy-
sis revealed collinearity between the mouse 8323 bp cDNA
contig and genomic sequences. TwoHindIII and one PstI
genomic restriction fragments cover the complete mouse
Mecp2long 3'-UTR (Fig. 2c). To enable a comparison between
the complete human and mouseMeCP2transcripts, the mouse
short Mecp2 transcript was also cloned by a PCR-based
approach using primers MECP-CON-1 and MECP-MOU-4. A
PCR reaction with an aliquot of a mouse fetal brain cDNA
library with these primers resulted in amplification of a spe-
cific DNA fragment of 1284 bp, which was sequenced and
showed high homology (90.7 and 95.5%, respectively) to the
human and ratMeCP2sequences. Another PCR primer (MEC-
MOU-11), located at the end of this sequence, was used in
combination with primer MEC-MOU-18, located in the begin-
ning of the 8323 bp mouse cDNA contig, to isolate the missing
mouse cDNA sequence. PCR on the mouse fetal brain cDNA
library and on total genomic mouse DNA resulted in the ampli-
fication of specific DNA fragments of the same size. Similar to
human, this result demonstrated the absence of an intron
between primers MEC-MOU-11 and MEC-MOU-18 and
sequencing of both fragments revealed no sequence differ-
ences. This sequence represented the end of the mouse ORF
and the 5'-end of the UTR. By combining the sequences of the
8323 bp cDNA contig and the sequences of the two mouse

PCR products, the complete sequence of the 10.1 kb lo
mouseMecp2transcript could be assembled.

Figure 3 shows a comparison of the ends of the 1.8 and 1
kb long human and mouse 3'-UTRs of theMeCP2 gene.
Whereas a common AATAAA poly(A) signal is detectable i
the 3'-end of the 1.8 kbMeCP2 transcript, no canonical
poly(A) signal is present in the 3'-end of the 10.1 kb long va
ants of the human and murine genes, although they conta
poly(A) tail. Instead, there is a sequence TATAAA in bot
human and mouse, which resembles the poly(A) signal and
polyadenylated with ~20% efficiency compared with th
AATAAA sequence (17). No A-rich stretch is present i
genomic DNA which could be responsible for artifactual inte
nal priming of cDNAs. The third alternative poly(A) addition
site defined by clustering of a minority of human 3'-ESTs h
an AATAAA sequence. There are obvious GT elements (1
immediately downstream of the poly(A) addition sites of th
1.8, 7.2 and 10.1 kb long transcripts. The longest variants
the human and mouse UTRs contain AT-rich sequences (F
3) which have been shown to be involved in mRNA destabi
zation and degradation (19). The most 3'-end of the long
variant of both genes detected in databases a rat EST der
from a polyadenylated cDNA clone (GenBank accession n
AI044055), which extends the cDNA sequence ~250 bp
another possible poly(A) addition site (Fig. 2b). This site has
GATAAA sequence [~15% polyadenylation activity (17)].

To analyse the expression pattern of the long variant of t
mouseMecp2gene, a cDNA clone, JFC617, was used as
probe in RNAin situ hybridizations on sections of two stage
of mouse embryos and sections of mouse postnatal head
ubiquitous low level of expression is visible in early organo
genesis at 10.5 days post-conceptum (d.p.c.) (Fig. 4a and b)
12.5 d.p.c. a low level of expression is detectable in the my
lencephalon and spinal cord (Fig. 4d and e). At 1 week po
natalis (w.p.n.) expression is visible in all parts of the differe
tiating brain and in the nasal epithelium, enhanced express

Figure 2. Location and structure of the human and murineMeCP2gene. (a) Physical map of the human genomic region showing the three exons of theMeCP2
gene (black rectangles), 14 exons of theIRAK gene (grey rectangles), direction of transcription (arrows) and the distance between the two genes. Number
spond to the 5'- and 3'-ends of the published genomic sequence of theMeCP2gene (GenBank accession no. AF030876). (b) A detail of the third exon of the
MeCP2gene. The positions of the different polyadenylation sites in theMeCP2gene are shown. The open rectangle represents the 3'-end of the ORF an
asterisk indicates the stop codon. The hatched box indicates the extension of the 3'-UTR by a rat EST (see text for details). (c) The genomic restriction fragments
subcloned from the mouse P1 clone covering the 3'-end of the murineMecp2gene.
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is found in the olfactory bulb and the hippocampus formation
(Fig. 5a and b). In the fully differentiated brain the same
expression pattern is found. Enhanced expression is seen in the
hippocampus formation and low expression in all other parts of
the brain (Fig. 5d and e).

Distribution of conserved blocks and possible three-
dimensional structures in the human and mouse MeCP2
transcript

The human and mouse 3'-UTRs of the long variants of the
MeCP2gene were analysed for the presence of ORFs. The larg-
est human ORFs found in each of the possible forward frames of
the human transcript are 459, 273 and 252 bp. None of them is
conserved along its entire length between the two species.

To assess which regions of the UTRs might be functionally
important, we studied in detail their evolutionary conservation
over the whole length. The overall sequence identity between

the human and mouseMeCP2 long 3'-UTRs is 52%. The
homology is interrupted multiple times and extensive gappi
is required to maintain the alignment of the two sequences
contrast to this, the coding region is highly conserved over t
whole length. In the 3'-UTR, at least eight blocks of stron
sequence similarity are detected. These highly conser
regions are scattered throughout the whole transcript and in
rupted by regions of low homology. The conserved blocks a
clearly visible when the sequence homology along the tw
sequences in a sliding 100 bp window is plotted (Fig. 6a
Besides the conservation of the ORF, the strong conserva
within the conserved blocks in the 3'-UTR indicates that the
sequences are under strong selection pressure and may th
fore represent functionally important domains.

The sequence of any RNA molecule may carry informatio
required for its three-dimensional conformation. To detect po
sible three-dimensional structures, a computer folding of t

Figure 3. Sequence comparison of the ends of the 3'-UTRs of the human and murineMeCP2genes. The two slashes flanked by periods indicate internal sequen
not shown in this comparison. The poly(A) addition sites are indicated. Polyadenylation signals are boxed, GT-rich sequences downstream of the poly(A) addition
sites are underlined and three representatives of AT-rich elements ATTTA are double underlined. Nucleotide numbering corresponds to the cDNAnces
(EMBL accession nos AJ132917 and AJ132922).
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human and murineMeCP2 sequences was performed using
Foldsplit, a program which finds a conformation of minimum
free energy using published values of stacking and destabiliz-
ing energies (20). Regions of high minimum free energy are
expected to have a weak secondary structure. The minimum
free energy corresponding to the optimal secondary structure
for every 100 bp sequence window was plotted (Fig. 6b and c).
Although the overall sequence homology between the human
and murine 3' sequences is only 52%, the distribution of the
minimum free energy along the sequence is very similar in
both. This may indicate that the evolutionary changes did not
alter the secondary structure of the RNA molecules. Moreover,
the 3'-UTR sequences that show a high degree of conservation
during evolution are those regions predicted to be of high free
energy with respect to RNA folding (Fig. 6a–c). Interestingly
there is no correlation between the degree of conservation and
high free energy within theMeCP2coding region.

Additional support for a domain-like conservation pattern of
the long 3'-UTR of theMeCP2gene was obtained from exam-
ining conservation in other organisms. To do this, two primers
(DC4 and DC5; Fig. 6a) for two neighbouring highly con-
served domains were designed. Amplification of chimpanzee,
orangutan, macaque, hamster, rat and kangaroo DNA resulted

in the generation of a single PCR product in each species. T
size of the products varies between 790 and 846 bp a
sequence homology to the human sequence was between
(chimpanzee) and 13% (kangaroo). The alignment of
sequences (Fig. 7) was used to generate a phylogenetic
(Fig. 8). The topology of the tree is in good agreement with t
accepted phylogenetic relationships of the species used.

DISCUSSION

Our search for transcribed sequences in Xq28 led to the ide
fication of several long variants of the 3'-UTR of theMeCP2
gene. TheMeCP2gene thus belongs to a growing family o
genes with multiple tandem terminal poly(A) addition site
which can be alternatively used in different tissues or develo
mental stages of an organism (21,22). The phenomenon m
be even more frequent and remain partly undetected beca
alternative transcripts that differ in size by several hundr
nucleotides may not be resolved on northern blots because t
are contained in the major band, because of the existence
some mRNA variants only in particular cell types or because
their extremely low frequency.

Figure 4. Expression of JFC617 in mouse embryogenesis. Bright field (a and d) and dark field (b, c, e and f) images of a horizontal (a–c) and a sagittal (d–n
through a 10.5 d.p.c. (a–c) and a 12.5 d.p.c. (d–f) embryo hybridized with a JFC617 antisense (b and e) and a JFC617 sense (c and f) riboprobe are sho
specific signals are obtained with the sense control hybridization (c and f). The signals in the heart of the 12.5 d.p.c. embryo are due to non-specificlight reflection
of embryonic blood cells (e) and are also visible with the sense control probe (f). br, brain; dec, decidua; he, heart; lab, labyrinth; li, liver; me, mesencephalon; my,
myelencephalon; sc, spinal cord; te, telencephalon. Bar, 1 mm.
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Different distributions of polyadenylation and other factors
in particular tissues or developmental stages may direct the
abundance of various mRNA species with different 3'-UTRs,
which differ in length and content of regulatory elements and
may exert different regulatory functions on expression of the
gene (12). Some of the variant alternative 3'-UTRs of the
MeCP2gene show polyadenylation signals that differ from the
AATAAA or ATTAAA consensus, similar to other alterna-
tively polyadenylated genes such asDHFR andATM or many
3'-EST clusters (22–24). The variants of alternatively poly-
adenylated genes also differ in the content of AT-rich sequence
motifs, which have been implicated in mRNA stability (19).
Indeed, there are differences between theMeCP2mRNA tran-
scripts in the content of these AT-rich elements. While there is
none in the 1.8 kb transcript, many are found close to the 3'-end
of the 10.1 kb transcript. The relative abundance of the mRNA
isoforms seen on northern blots may also reflect this.

The importance of 3'-UTRs for the regulation of gene
expression is increasingly recognized. The 3'-UTRs may exert
post-transcriptional regulation enabling rapid modulation of
protein levels in response to different developmental or physio-
logical changes and stimuli. This can be especially important
during the maturation of germ cells and early embryogenesis,
when translationally repressed maternal mRNAs are activated
and active mRNAs are silenced (12). During this period there

is no transcription of embryonal genes and all key develo
mental events are dependent only on proteins and mRN
which had been formed during oogenesis and which requ
sophisticated regulation at the mRNA level (25). In the case
theMeCP2gene and its product this period may be of partic
lar interest, because it overlaps with the period of gro
changes in DNA methylation (26,27) and thus also changes
demand for theMeCP2gene product.

Cloning of the complete human and murine transcript of t
MeCP2genes enabled us to analyse the conservation of th
sequences during evolution. The overall conservation of
two 3'-UTRs was 52%, which was lower than the 69.4% ave
age reported for 3'-UTRs between human and mouse (2
Remarkable differences in the degree of conservation could
detected, however, along the transcript. The strong conse
tion of several sequence blocks within the transcript indica
that these sequences are under selection pressure and ther
functionally important. Some of these sequences ha
remained without a single base pair change over an evoluti
ary period of many tens of millions of years since the hum
and mouse lineages diverged. In contrast to this, oth
sequences of theMeCP2 3'-UTR are only moderately or
weakly conserved. This variable pattern of sequence conse
tion resembles a similar distribution described for seve
vertebrate 3'-UTRs (29).

Figure 5. Expression of JFC617 in postnatal brain differentiation. Bright field (a and d) and dark field (b, c, e and f) images of horizontal sections th
1 w.p.n) (a–c) and a 6 w.p.n. (d–f) head hybridized with a JFC617 antisense (b and e) and sense (c and f) riboprobe are shown. Only non-specific signal dis
is visible with the sense control hybridizations (c and f). ce, cerebellum; cor, cortex; col, colliculus; ey, eye; hi, hippocampus; ne, nasal epithelium; ob, olfactory
bulb. Bar, 1 mm.
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To analyse whether the pattern of conservation is related to
predicted three-dimensional structure of the folded RNA
molecule, a computer method was used to find a distribution of

minimum free energy using published values of stacking a
destabilizing energies (20). It was found that the distribution
minimum energy along the 3'-UTR of the transcript is ver

Figure 6. The comparison of the complete sequences of the human and mouseMECP2genes. (a) A sequence homology comparison was performed using a slid
100 bp window. (b) Minimum free energy plot for the humanMeCP2mRNA. (c) Minimum free energy plot for the mouseMecp2mRNA. The ORF (filled rec-
tangle), stop codon (asterisk), the short 3'-UTR (line) and the positions of primers DC4 and DC5 used for the evolutionary analysis are indicated in (a). The hori-
zontal scale is in bp; the free energy values are according to Zuker and Stiegler (20).
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Figure 7. Sequence comparison of fragments of human, chimpanzee, orangutan, macaque, hamster, mouse, rat and kangarooMeCP2gene 3'-UTRs. Identities are
indicated with a dash, gaps with a dot; different bases are shown. Numbering is relative, with human base 1 here corresponding to base 1811 of the humaequence
and murine base 1 corresponding to base 1764 of the mouse sequence.
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similar in human and mouse. This may point to a conserved
three-dimensional structure of the 3'-UTR molecule. More-
over, there is a correlation between distribution of minimum
free energy and the degree of sequence conservation in the 3'-
UTR. The sequences that show the highest degree of conserva-
tion show the highest level of minimum energy and are likely
to be unstable with respect to three-dimensional folding and
therefore single stranded. The sequences that are less con-
served during evolution are those that show low levels of min-
imum free energy and therefore are likely to build well-packed
stable three-dimensional structures.

We conclude that the sequence of theMeCP23'-UTR can be
divided into two subtypes. First, conserved regions where the
primary structure (nucleotide sequence) itself is important.
Second, sequences that are less conserved but may build stable
and conserved three-dimensional structures. Both types of con-
servation, the conservation of sequence and of three-dimen-
sional structure, could be of relevance for possible interactions
with protein or other nucleic acid molecules. These may exert
regulatory functions and modulate the stability, transport,
localization and translation of the mRNA (12). The isolation
and characterization of the complete long 3'-UTRs of the human
and mouseMeCP2genes opens the possibility of studying these
phenomena on the functional level.

Because of the periodic occurrence of conserved blocks
(which allow placement of primers) and stretches of weakly
conserved sequences (from which valuable phylogenetic infor-
mation can be obtained), the 3'-UTR of theMeCP2gene may
also be very useful in evolutionary studies. We isolated one
such highly diverged region from chimpanzee, orangutan,
macaque, rat, hamster and kangaroo and compared it with the
human and mouse sequences. Indeed, the phylogenetic rela-

tions of the sequences reflect the currently accepted phylo
netic relations between these organisms.

MATERIALS AND METHODS

Isolation of cDNA and genomic clones, sequencing and
sequence analysis

Plaques (2× 106) from each of the human and mouse feta
brain cDNA libraries (Stratagene, La Jolla, CA) were screen
with the different cDNA and genomic probes. DNA probe
were labelled with [α-32P]dATP and [α-32P]dCTP (3000 Ci/
mmol) in a random primed reaction (30). Hybridizations we
carried out in 0.5 M sodium phosphate, 7% SDS, 0.2% bovi
serum albumin, 0.2% PEG 6000, 0.05% polyvinylpyrrolidon
360000, 0.05% Ficoll 70000 and 0.5% dextran sulphate at
or 55°C overnight. Non-specifically bound probe was remove
by washing at 65 or 55°C in 40 mM sodium phosphate, pH 7.2
1% SDS for 60 min. Filters were exposed to X-ray film (XAR
5; Kodak, New York, NY) for 1–5 days. Multiple human feta
and adult tissue poly(A)+ RNA northern blots were purchased
from Clontech (Palo Alto, CA). A total mouse P1 library (16
was screened with the cDNA probes JFC88 and JFC484.

For sequencing, the dideoxy termination method was us
(31). Incorporation of the dideoxynucleotides into the sequen
ing product was improved by the use of manganese-contain
buffer (32).

Multiple and pairwise alignments of DNA and protein
sequences were performed using Clustal V (33) and Bes
(34), respectively. The percentages of identity and similarity
sequences were calculated using Bestfit. Database sear
employed FastA (35). All sequence analysis used the HUS
3.0 Sequence Analysis Package (DKFZ, Heidelbe
Germany). The sequences reported in this paper have b
deposited in the EMBL databank with sequence accession
AJ132914–AJ132924.

PCR and RT–PCR

Total RNA of EBV-transformed human lymphocytes an
RNA of different cell lines (SK-N-SH, KELLY and IMR-32;
ATCC, Manassas) was isolated (36). First strand cDNA w
synthesized using 250 ng hexanucleotides/µg total RNA. In
addition, mouse cDNA libraries (Stratagene and Clontech) a
total genomic DNA from different species were used as te
plates for PCR amplifications.

The PCR reactions with first strand cDNA, cDNA library
aliquots and total genomic DNA comprised 35 cycles of 1 m
at 94°C, 1 min at 60°C and 4 min at 72°C.

The following primers were used: DC4, aaactaggctcc
tcaacaaggc, and DC5, tgagcccactttaaaacaagcg (conse
primers in the 3'-UTR for amplification in different species)
MEC1, tgttagggctcagggaagaaaag, and MEC3, gggaagctttg
gagccctac (for amplification of the human coding region
MECP-CON-1, tgacatgtgactccccagaatac (located in the
UTR and conserved between human and rat), and MEC
MOU-4, ctgctgctcaagtcctgaggctc (for amplification of th
mouse coding region; designed from a mouse EST, GenB
accession no. AA690741); MEC2, gtgtatttgatcaatccccag
and D44, tccttgccagttttggattgggg (for connection of the sh
MeCP2transcript with the contig of novel cDNAs in human)

Figure 8. Phylogenetic tree based on the alignment shown in Figure 7.
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MEC-MOU-11, aggaccccatcagcccccctgag, and MEC-MOU-
18, cagcttgtcaggtcagtagtatc (as above for mouse).

The isolated cDNA clones were as follows. Human: JFC2,
bp 1769–3487 (agtagctttgca…tgctgtgggttt); JFC88, bp 3258–
6627 (cagcagggc…cgacttgtg); JFC208, bp 3758–7159 (gtccct-
ggc…taaaaaaag); JFC487, bp 6920–9304 (cctgggctt…aacact-
gtg); JFC484, bp 7237–10084 (cttctttca…ttgccttat). Mouse:
JFC611, bp 3022–7140 (tctgggtca…gaaaaaaaa); JFC617, bp
3452–7152 (tcatattgg…aagaaaaaa); JFC622, bp 7762–10087
(tatctgcta…acataaaaa).

RNA in situ hybridization

The mouse embryo and adult tissue sections were prepared and
the RNA in situ hybridizations were performed as described
previously (37). The probe used in these experiments was the
3.7 kb JFC617 mouse cDNA insert transcribedin vitro from
the pBluescript II vector promoters.
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