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Two novel mouse genes and one novel human gene
hat define distinctive eukaryotic nucleotide-bind-
ng proteins (NUBP) and are related to the mrp gene
f prokaryotes are characterized. Phylogenetic anal-
ses of the genes, encoding a short form (Nubp2) and
long form (Nubp1) of NUBP, clearly establish them

s a new NUBP/MRP gene family that is well con-
erved throughout phylogeny. In addition to con-
erved ATP/GTP-binding motifs A (P-loop) and A*,
embers of this family share at least two highly

onserved sequence motifs, NUBP/MRP motifs a and
. Only one type of NUBP/MRP gene has been ob-
erved thus far in prokaryotes, but there are two
ypes in eukaryotes. One group includes mouse
ubp1, human NBP, yeast NBP35, and Caenorhabdi-

is elegans F10G8.6 and is characterized by a unique
-terminal sequence with four cysteine residues

hat is lacking in the other group, which includes
ouse Nubp2, human NUBP2, and yeast YIA3w.
orthern blot analyses of the two mouse genes show
istinctive patterns consistent with this classifica-
ion. Mouse Nubp2 is mapped to the t-complex region
f mouse Chromosome 17, whereas Nubp1 is mapped
o the proximal region of mouse Chromosome 16.
nterestingly, both regions are syntenic with human
hromosome 16p13.1–p13.3, suggesting that a chromo-
omal breakage between Nubp2 and Nubp1 probably
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ccurred during the evolution of mouse chromo-
omes. © 1999 Academic Press

INTRODUCTION

Many proteins function by drawing on energy from
he hydrolysis of ATP/GTP. The ATPase/GTPase su-
erfamily is thereby involved in signal transduction,
echanical movement, and transport of molecules.
any, though not all, of these proteins share a char-

cteristic sequence motif “[GA]-X2-(G)-X-G-K-[ST],”
alled the “phosphate-binding loop (P-loop)” (Walker et
l., 1982; Saraste et al., 1990). Refined analyses have
dentified a subfamily, the “partitioning ATPase gene
amily” (Koonin, 1993). This subfamily includes the
scherichia coli MinD gene, a membrane-associated
TPase that inhibits cell division at the poles and
onsequently induces normal cell division (de Boer et
l., 1991), and based on sequence similarity, the E. coli
rp gene (Dardel et al., 1990).
One member of the partitioning ATPase gene family

n human has been cloned. Based on its ATP/GTP-
inding motif, this gene was called nucleotide-binding
rotein (NBP) (Shahrestanifar et al., 1994). Sequence
imilarity searches showed a likely relationship to the
acterial MinD gene. The yeast (Saccharomyces cerevi-
iae) homolog of human NBP has also been cloned and
haracterized as NBP35, encoding a protein of 35 kDa
Vitale et al., 1996). Complementation analyses using
east knockouts revealed that a cysteine-rich N-termi-
al domain, which is conserved in the human NBP, is

ndispensable for the function of the gene (Vitale et al.,
996). Another yeast gene, YIA3w, that encodes a 31.9-
Da protein was also predicted from the yeast genome
equencing project (Voss et al., 1995). The putative
IA3w shows weak similarity to the previously discov-

red human NBP and yeast NBP35 genes, but lacks
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153GENE FAMILY OF NUCLEOTIDE-BINDING PROTEINS
he cysteine-rich N-terminal region common to those
enes. The authors put this gene in the MinD/Mrp
amily based on sequence similarity to E. coli MinD.
urther analysis has not been reported, however, and
here has been considerable confusion about the inter-
elationships and categorization of this cohort of nucle-
tide-binding proteins.
Recently, through a sequencing and mapping project

f a mouse 7.5-day postconception (dpc) ectoplacental
one cDNA library, 10 novel genes were mapped to the
roximal region of Chromosome 17, a region best
nown as the t-complex (Ko et al., 1998). One of the
lustered genes shows significant similarity to human
BP, yeast NBP35, and yeast YIA3w. Because this
ouse gene does not have the cysteine-rich N-terminal

omain, which is common to both human NBP and
east NBP35, we speculated that there might be an-
ther mouse gene that contains this cysteine-rich N-
erminal domain. The existence of this gene has also
een confirmed, and we describe here the isolation and
haracterization of the two mouse genes, termed nu-
leotide-binding protein 2 (Nubp2) and nucleotide-
inding protein 1 (Nubp1). We also present data on the
equencing and characterization of the human ortholog
f mouse Nubp2. Based on the phylogenetic analyses of
hese newly isolated genes along with the previously
dentified genes, we propose that this NUBP/MRP gene
amily forms a new subfamily of ATP/GTP-binding pro-
eins, which is clearly distinguishable from the MinD
ene family. We also propose that this new gene family
ncludes two clearly distinguishable subtypes in eu-
aryotes, with only one closely related gene, mrp, in
rokaryotes.

MATERIALS AND METHODS

Cloning and sequence analyses of cDNAs. Construction of the
ouse 7.5-dpc ectoplacental cone cDNA library and a large-scale

DNA sequencing and mapping project are described (Ko et al.,
998). As a result, 10 of 155 unique clones were mapped to the
-complex of Chromosome 17. One of those clones, C0001C09 (gene
ame: D17Wsu11e), which mapped to the same bin as D17Mit55, was
sed for this study. This cDNA was renamed nucleotide-binding
rotein 2 (Nubp2). The cDNA sequence for mouse Nubp1 was iden-
ified through the BlastN search against the dbEST database at
CBI/NIH (Boguski et al., 1993). The corresponding cDNA clones

arrying the BALB/c mouse lung EST (Clone ID 695233) from the
MAGE Consortium were purchased from Research Genetics (Len-
on et al., 1996). For the human NUBP2 gene, the corresponding
DNA clone was sought on the expressed sequence tag database
dbEST) (Boguski et al., 1993) at NCBI/NIH, and the IMAGE clone
17161 (Lennon et al., 1996) was purchased from Research Genetics.
ince the cDNA clone did not carry the entire coding sequence, a
uman teratocarcinoma cDNA library (Skowronski et al., 1988) was
creened with this human cDNA clone as a probe as described
D’Esposito et al., 1994).

These cDNA clones were completely sequenced with Taq
yeDeoxy Terminators on an ABI 377 automated sequencer (Per-
in–Elmer). DNA sequence analyses were performed using the
acDNASIS program (Hitachi). Multiple alignment was performed
ith the Higgins algorithm (Higgins and Sharp, 1988). Similarity

earches of nucleotide and amino acid sequence were performed by

he Blast server at NCBI/NIH (Altschul et al., 1990). m
The GenBank accession numbers for these sequences are
F114169 (Nubp2), AF114170 (Nubp1), and AF118394 (NUBP2).

Northern blot. Membranes were purchased from Clontech. The
embrane was prehybridized in ExpressHyb solution (Clontech) for

0 min at 68°C. Hybridization was performed for 1 h at 68°C with a
andom-primed [a-32P]dCTP (Amersham)-labeled DNA probe. The
embrane was washed under high-stringency conditions: twice in

3 SSC at room temperature for 5 min and then twice in 0.13 SSC
nd 0.1% SDS at 68°C for 30 min.

Mapping of Nubp1 on mouse chromosome 16. The mapping of the
ouse Nubp1 gene was performed according to the previously de-

cribed method (Ko et al., 1994). The PCR primer pair was designed
rom the 39-untranslated region (UTR) of the cDNA to obtain the
equence polymorphism between C57BL/6J and Mus spretus (Taka-
ashi and Ko, 1993). The primer pairs were Nubp1-up6, 59-CAGAG-
ATCCGAGACTTTTGTAA-39, and Nubp1-dn6, 59-CGCCCGTAC-
TTTGATCTC-39. The PCR heteroduplex was used to type the
enomic DNAs of The Jackson Laboratory BSS Backcross Mouse
anels (Rowe et al., 1994). The genotypes were scored by visual

nspection of the heteroduplex bands and analyzed by the Map Man-
ger program (Manly, 1993). The raw mapping data for the cross are
ccessible through The Jackson Laboratory (http://www.jax.org/
esources/documents/cmdata/BSS.html). Corresponding segments of
he human genome were sought using the Human/Mouse Homology
elationships (DeBry and Seldin, 1996; NCBI: http://www.ncbi.
lm.nih.gov/Homology/).

RESULTS AND DISCUSSION

solation and Characterization of Mouse Nubp2

The 1.4-kb insert of cDNA clone C0001C09 was com-
letely sequenced (Fig. 1). The sequence next to the
utative initiation codon, AGCGAAatgG, is consistent
ith Kozak’s (1996) consensus sequence in a strong

ontext. A variant form of a poly(A) signal, TATAAA, is
hen located at the 39-end of the cDNA. An open read-
ng frame (ORF) of 275 amino acid residues terminates
t a TGA stop codon at nucleotide 848 (asterisk in Fig.
). We infer that the clone C0001C09 includes a com-
lete transcription unit, with a full ORF and 39-UTR.
Amino acid homology searches by BlastP (Altschul et

l., 1990) revealed that this gene is apparently novel
nd has a strong similarity to the predicted yeast
IA3w gene (Voss et al., 1995), yeast NBP35 (Vitale et
l., 1996), human NBP (Shahrestanifar et al., 1994),
nd Caenorhabditis elegans ORF F10G8.6 (Wilson et
l., 1994), in that order. Weak similarity was also
ound to mrp genes from various prokaryotes, includ-
ng Methanococcus jannaschii, Synechocystis sp., Hae-

ophilus influenzae, Pseudomonas fragi, E. coli, Bacil-
us subtilis and Mycobacterium replae. The mrp gene,
hich is named after the adjacent gene “methionyl-

RNA synthetase (metG),” was originally identified as
n E. coli ATPase of unknown function (Dardel et al.,
990). The gene also showed some similarity to pro-
aryote proteins that help to promote proper cell divi-
ion, Me. jannaschii and E. coli MinD.
We originally named this novel mouse gene nucleoti-

e-binding protein short form (Nbps), because this
ene, like yeast YIA3w, lacks the longer N-terminal,
ncluding the C-X13-C-X2-C-X5-C motif that is com-
on among NBP, F10G8.6, and NBP35 (Vitale et al.,
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154 NAKASHIMA ET AL.
996). However, based on the recommendation by the
omenclature Committee, the gene was renamed nu-

leotide-binding protein 2 (Nubp2) to avoid confusion
ith another unrelated yeast gene Nap1-binding pro-

ein (NBP2) (GenBank Accession No. YSCNBP2).
herefore, the root symbol for this family has been
hanged from NBP to NUBP.

solation and Characterization of Mouse Nubp1

Unlike Nubp2, the reported human NBP gene has a
ysteine-rich N-terminal sequence. This prompted a
earch for a possible “longer” mouse NBP gene. A BlastN
earch with the human NBP sequence against the public
bEST (NCBI) (Boguski et al., 1993) identified two mouse
STs from the IMAGE Consortium collections (Lennon et
l., 1996). The 1.3-kb insert of the cDNA clone was com-
letely sequenced (data not shown). The cDNA has a

FIG. 1. Mouse Nubp2 nucleotide and amino acid sequence (clone
A” (P-loop) is in boldface type; motif a is outlined; NUBP/MRP c
nderlined; stop codon is underlined; poly(A) signal is dashed under
ranslation initiation site that matches the Kozak (1996) N
onsensus sequence in a strong context, and a canonical
oly(A) signal AATAAA was found at the 39-end of the
DNA. An ORF of 320 amino acid residues terminates at
TGA stop codon at nucleotide 977. We infer that the

lone includes a complete transcription unit, with a full
RF and 39-UTR. Overall, the protein is 45 amino acids

onger than Nubp2. As expected, the protein showed
ighest similarity to the human NBP (87.5%) and con-
ains the cysteine-rich N-terminal sequence, including
he C-X13-C-X2-C-X5-C motif. Therefore, we named this
ovel mouse gene Nubp1 (nucleotide-binding protein 1).

solation and Characterization of Human NUBP2

To complete the putative repertoire of two types of
UBP in human and mouse, a human ortholog of
ouse Nubp2 was sought. Sequence similarity

earches against the public EST database (dbEST,

001C09). Start codon is double-underlined; ATP/GTP binding motif
ensus pattern is italicized and in boldface type; motif b is wavy

ed.
C0
ons
lin
CBI) (Boguski et al., 1993) showed significant hits in
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155GENE FAMILY OF NUCLEOTIDE-BINDING PROTEINS
he EST entries from the IMAGE Consortium cDNA
lones (Lennon et al., 1996). Since the cDNA clone did
ot encode a complete protein coding sequence, a hu-
an teratocarcinoma cDNA library was screened by
sing this EST clone as a probe. We sequenced the
ntire 1.4-kb insert of the isolated cDNA clone (data
ow shown) and confirmed that this gene is indeed an
rtholog of mouse Nubp2 and lacks the idiosyncratic
ysteine-rich N-terminal sequence of Nubp1. We
amed the human gene NUBP2.

omparative Sequence Analyses of Nubp1, Nubp2,
and Related Genes

The availability of sequence for mouse Nubp1,
ubp2, and human NUBP2 permits a more extensive
nalysis of their relatedness and the phylogenetic re-
ationships of other reported NUBP/MRP genes. A phy-
ogenetic tree clearly discriminated two eukaryotic
ene clusters: short form (Nubp2) and long form
Nubp1) (Fig. 2). The genes in one cluster from differ-
nt organisms are more alike than are genes from the
ame organisms, but in the other cluster. For example,
ouse Nubp2 is more similar to human NUBP2 than it

s to mouse Nubp1. This phylogenetic tree also shows
hat yeast has two corresponding genes: YIA3w be-
ongs to the Nubp2 group, and NBP35 belongs to the

FIG. 2. Phylogenetic tree of NUBP/MRP subfamily members. Per
f the tree. Amino acid sequences were aligned to produce the tree usi
ames of genes, their accession numbers, and their references are as
aper); mouse Nubp2 (nucleotide-binding protein 2, AF114169, th
ET1-PAN1, P40558 (Voss et al., 1995)); human NBP (nucleotide-

nucleotide-binding protein 1, AF114170, this paper); C. elegans F10
NBP35 protein, X95533 (Vitale et al., 1996)); Me. jannaschii NBP (M
oli MRP (MRP_ECOLI MRP protein, U00007 (Dardel et al., 1990
Fleischmann et al., 1995)); P. fragi ATPase (P. fragi ATPase, U

RP_SYNY3 MRP protein homolog, D64001 (Kaneko et al., 1995, 19
n CWLD-GERD intergenic region, X74737 (Sekiguchi et al., 1995));
ubp1 group. We found only one C. elegans gene that V
elongs to the Nubp1 group in the GenBank and
anger Center databases (http://www.sanger.ac.uk),
ut we predict that there will be another C. elegans
ene that belongs to the Nubp2 group. It is difficult to
hink that a gene that exists in yeast does not exist in
. elegans.
All the prokaryotic mrp-related genes show weak

imilarity to the eukaryotic Nubp1/Nubp2 gene family
n the phylogenetic tree (Fig. 2). Interestingly, the ar-
haebacteria Me. jannaschii NBP is more similar to the
ukaryotic Nubp1/Nubp2 genes than to the other pro-
aryotic mrp-related genes (Fig. 2). As reported in the
enome sequence of this organism, Me. jannaschii can
e classified between eukaryotes and prokaryotes
ased on sequence similarity analyses of many genes
Bult et al., 1996). The NUBP gene analysis is consis-
ent with this notion.

Figure 3 shows the alignment of all the correspond-
ng amino acid sequences. The alignment was first
erformed with the Higgins algorithm on MacDNASIS,
nd gaps were then added manually to improve the
lignment of motifs. At least four subregions of the
roteins are strikingly conserved throughout pro-
aryotes and eukaryotes. The region nearest the N-
erminal is the well-known ATP/GTP-binding motif A
r P-loop (Walker et al., 1982; Saraste et al., 1990;
oonin, 1993), whose consensus is “[VI]-X-S-G-K-G-G-

tage protein similarity is indicated to the right of each branch point
the Higgins algorithm with the MacDNASIS program (Hitachi). The
lows: human NUBP2 (nucleotide-binding protein 2, AF118394, this
aper); yeast YIA3w (YIA3_yeast hypothetical 31.9 KD protein in

ding protein, U01833 (Shahrestanifar et al., 1994)); mouse Nubp1
.6 (hypothetical protein, Z80216 (Wilson et al., 1994)); yeast NBP35
annaschii nucleotide-binding protein, U67483 (Bult et al., 1996)); E.
H. influenzae MRP (MRP_HAEIN MRP protein homolog, U32807
986 (Michel et al., 1997)); Synechocystis MRP (Synechocystis sp.
)); B. subtilis 38.5 KD (YBAL_BACSU hypothetical 38.6 KD protein
. leprae MRP (My. leprae MRP protein homolog, U15180).
cen
ng
fol

is p
bin
G8
e. j
));
62
96
My
-G-K-S-[TS].” A second region overlaps the ATP/GTP-
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157GENE FAMILY OF NUCLEOTIDE-BINDING PROTEINS
inding motif A9 (Koonin, 1993), but the significant
onservation can be extended much further in the N-
erminal direction. The consensus sequence is “D-X-D-
-X-G.” A third region is the one we call the NUBP/
RP motif a. This region partially includes the Mrp

amily signature, which was originally developed for
he PROSITE database (Bairoch et al., 1997). They
sed an E. coli protein mrp that is a 41-kDa ATP-
inding protein of unknown function as the prototype
f this family. The consensus pattern was established
s “W-X2-[LIVM]-D-[LIVMY]4-D-X-P-P-G-T-[GS]-D”
Bairoch et al., 1997). With this new sequence alignment
Fig. 3), we propose that this conserved region can be
xtended in the N-terminal direction and covers 37
mino acid residues. The consensus pattern can now be
efined as “[VI]-WRG-X5-[LIMA]-[LI]-X2-[FLM]-[VILF]-
4-W-X2-[LIVM]-D-[LIVMY]4-D-X-P-P-G-T-[GS]-D.” A

ourth region is the one we have named NUBP/MRP
otif b and can be defined as “[VI]-[VIML]-G-[VIL]-[VI]-
-N-M-[SA].” Based on these four highly conserved mo-

ifs, we propose that this group of genes forms a distinc-
ive NUBP/MRP subfamily.

In contrast to the previous classification as the par-
itioning ATPase gene family (Koonin, 1993) or MinD/
RP family (Voss et al., 1995), we think that this
UBP/MRP subfamily is distinguishable from a

losely related MinD gene family, for the following
easons. First, E. coli and B. subtilis MinD genes have

similar but somewhat different ATP/GTP-binding
otif A, “S-G-K-G-G-V-G-K-T-T-T,” and A9, “D-X-D-I-

FIG. 3. Multiple alignment of protein sequences of the NUBP
ntroduced to maximize the alignment. For sequence references see

FIG. 4. Northern blot analysis for mouse Nubp2 mRNA (A, B
ontaining staged mouse embryos (A) and various adult organs (B) w
ouse Nubp2 and IMAGE clone ID695233 as the probe for mouse Nu

he entire human NUBP2 insert.
Y_MRP, Synechocystis MRP.
.” Second, MinD has only a portion of NUBP/MRP
otif a. Third, MinD does not have the NUBP/MRP
otif b.

xpression Analyses of Mouse Nubp1 and Nubp2 and
Human NUBP2

Southern blot analyses clearly find only one copy of
oth mouse Nubp1 and Nubp2 genes (data not shown).
orthern blot analyses of the Nubp2 gene showed a

ingle transcript of 1.6 kb, consistent with the se-
uence analyses. The gene is expressed rather ubiqui-
ously throughout embryogenesis (Fig. 4A). In adult
rgans, the highest expression of this gene was ob-
erved in testis, but the gene was also expressed in
ther organs (Fig. 4B). An additional 3.0-kb transcript
bserved in skeletal muscle suggests a possible alter-
atively spliced species.
In Northern blot analysis, a major 1.4-kb transcript

f Nubp1 was observed throughout development (Fig.
A) and in many adult organs (Fig. 4B). Additional
ranscripts of 2.4 and 4.4-kb were also observed in most
f the tissues (Figs. 4A and 4B), again suggesting the
xistence of alternatively spliced forms.
Northern blot analyses of human NUBP2 showed

biquitous expression in adult and fetal tissues, with
ighest expression in skeletal muscle of the adult.
nce again, the 1.4-kb transcript is consistent with

equencing results (Fig. 4C). Taken together, the ubiq-

RP gene family. Identical amino acids are highlighted. Gaps are
g. 2 legend. H_NUBP2, human NUBP2; M_Nubp2, mouse Nubp2;

ouse Nubp1 mRNA (A, B), and human NUBP2 (C). Membranes
hybridized with the whole insert of clone C00001C09 as a probe for
. (C) Northern analysis of expression of human NUBP2 probed with
/M
Fi
), m
ere
bp1
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158 NAKASHIMA ET AL.
itous conservation and expression of the NUBP/MRP
ene family suggest that the genes are essential.

apping of Mouse Nubp2 and Nubp1
on the Genetic Map

The Nubp2 gene was originally mapped to the prox-
mal region of Chromosome 17 as an EST (Ko et al.,
998). Because the Nubp1 sequence is very similar to
he Nubp2 sequence, it is highly likely that they stem
rom the same ancestral gene and evolved into two
ifferent genes by gene duplication and subsequent
iversion (Ohno, 1970). Often such genes stay side by
ide until they are separated by the global evolution of
hromosomes. Thus, we expected that Nubp1 would
ap in the vicinity of Nubp2. Rather Nubp1 mapped to

he proximal region of Chromosome 16 (Fig. 5).
Based on the syntenic and homologous correlation

etween the human and mouse genomes (DeBry and
eldin, 1996), the human genomic DNA segment cor-
esponding to the mouse Nubp2 gene is chromosome
6p13.3 and that corresponding to mouse Nubp1 gene
s chromosome 16p13.1 (Fig. 5). Therefore, there will
robably be a linkage conservation of human NUBP2
nd NBP (renamed NUBP1), and they may be juxta-
osed, suggesting that a chromosomal breakage be-
ween Nubp2 and Nubp1 probably occurred during the

FIG. 5. Map location of mo
volution of mouse chromosomes. a
ossible Function of NUBP/MRP Gene Family

Although the exact functions of Nubp1 and Nubp2
re yet to be elucidated, several lines of evidence give
s reason to believe that both Nubp1 and Nubp2 play
rucial roles. First, both genes are evolutionarily well
onserved among eukaryotes. Second, both genes are
ather ubiquitously expressed throughout develop-
ent and adult organs. Third, it is shown that muta-

ions and knockouts of the yeast gene NBP35 were
ethal (Vitale et al., 1996). Preliminary analyses of the
utative yeast YIA3w gene also show that knockout of
he gene is lethal (R.M., work in progress). Because
ubp1 and Nubp2 show weak similarity to cell division

nhibitors such as CDI of Me. jannaschii and MinD of
. coli, one possibility is that Nubp1/Nubp2 may be

nvolved in the cell division process or cell cycle control.
erhaps more detailed analyses of yeast NBP35 and
IA3w will provide a route to test this idea.
Is there a speculative rationale for the existence of

oth Nubp1 and Nubp2? Their most significant differ-
nce is the presence or absence of the characteristic
-X13-C-X2-C-X5-C sequence in the N-terminal region
f the genes. The prokaryotic NUBP/MRP family, like
ubp2, lacks this characteristic sequence, although
e. Jannaschii has a partially conserved version,
–X3-C-X2-C-X5-C. Perhaps the Nubp2 family is an

Nubp1 and mouse Nubp2.
use
ncestral form, and when eukaryotes developed a
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159GENE FAMILY OF NUCLEOTIDE-BINDING PROTEINS
embrane-bound nucleus, the Nubp1 family evolved to
erform a similar function within the nucleus. Indeed,
t has been shown with immunofluorescent tags that
he yeast NBP35 protein (Nubp1 homolog) is observed
ainly in the nucleus (Vitale et al., 1996).
The mouse t-complex, where the mouse Nubp2 is
apped, has drawn broad attention and has been one

f the best studied regions of the mouse genome be-
ause of its many unusual and interesting features,
ncluding large genomic inversions and segregation
istortions (meiotic drive) (Bennett, 1975; Silver,
993). The region also contains many homozygous le-
hal mutant loci, which show dramatic phenotypes at
n early stage of embryogenesis (Bennett, 1975). An-
ther interesting feature of the t-complex is the pres-
nce of genes undergoing genomic imprinting—parent-
f-origin-specific gene expression (Cattanach and
ones, 1994; Barlow, 1995; Leighton et al., 1996). Be-
ause imprinted genes often exist as clusters on the
enome, it is likely that the t-complex contains new
mprinted genes in addition to the previously identified
enes, Igf2r (Barlow et al., 1991) and Mas1 (Villar and
edersen, 1994). Preliminary Southern blot analyses of
he Nubp2 gene with the methylation-sensitive HpaII
nzyme have revealed that the region contains hem-
zygously methylated sites, and thus, the gene may be
candidate for a new imprinted gene in the t-complex.
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