
Rapid Communication J Biochem. 130, 187-190 (2001)

Identification of a New Imprinted Gene, Rian, on Mouse Chromosome
12 by Fluorescent Differential Display Screening1
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Systematic screening of differentially expressed genes among androgenetic, partheno-
genetic, and normal embryos by means of fluorescent differential display revealed five
imprinted genes. One of them, named Rian, was expressed exclusively from the mater-
nal allele and was closely linked to an imprinted gene, Meg3(Gtl2), mapped to the distal
end of chromosome 12. The Rian transcript did not have any apparent open reading
frame, and its transcript was exclusively localized to the nucleus.
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Genorruc imprinting refers to the differential expression of
the two alleles of a gene, depending on their parental ori-
gins, hi mammals, parental imprinting ensures the func-
tional inequality of paternal and maternal genomes in the
fertilized egg, and causes developmental failure of embryos
produced by parthenogenesis or androgenesis (1, 2).

To elucidate the function of imprinted genes and the
molecular mechanisms of imprinting, it is important to
identify and characterize additional imprinted genes. Thus
far, and by several approaches, a total of approximately 45
imprinted genes have been identified in the mouse (3).
There are two types of systematic screening for imprinted
genes. The first type is based on methylation differences,
and includes restriction landmark genome scanning (4) and
representational difference analysis (5). The second type is
based on expression differences, and includes subtraction
and differential display. Hagiwara et al. reported fluores-
cent differential display screening of the allelic expression
status of multiple polymorphic transcripts m two reciprocal
Fl hybrids (6). Here we report the systematic identification
of imprinted genes among differentially expressed genes in
androgenetic, parthenogenetic, and normal embryos by flu-
orescent differential display screening. This method was
shown to be very effective; all peaks displayed could be uti-
lized for screening, in contrast with the previous method
involving differential display with which only polymorphic
bands can be utilized for screening (6).

For fluorescent differential display (6), we used androge-
nefac E9.5, parthenogenetic E9.5, normal E8.5 (as a control
for androgenetic E9.5 to fit the developmental stage), and
normal E9.5 (as a control for parthenogenetic E9.5). Each
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combination of arbitrary and anchor primers provided at
least 50 peaks, and 30 primer combinations were used for
screening, i.e. 1,500 peaks were screened. We searched for
peaks showing unique profiles for imprinted genes. Mater-
nally expressed genes (Megs) should give no signal in an-
drogenetic embryos, and their signal intensity in partheno-
genetic embryos should be twice that in normal embryos.
On the other hand, paternally expressed genes (Pegs)
should give no signal in parthenogenetic embryos, and
their signal intensity in androgenetic embryos should be
twice that in normal embryos. We cloned four Megs and a
candidate (H19, p57aP2 x 2, Megl, and the clonederived
from peak J312), and a Peg {Peg3 x 2). The number of im-
printed genes identified by our method was smaller than
expected. There are two possible explanations for this. The
first explanation involves developmental stage-dependent
differences m the expressed gene population; there are
some developmental stage-specific imprinted genes (7).
Therefore, it is necessary to screen imprinted genes in
other stages The second explanation is the disruption of
imprinted expression in parthenogenetic embryos. This
phenomenon has been reported for an imprinted gene,
U2afl-rsl (8).

We further analyzed the clone derived from peak J312
(Fig. 1) because it exhibited no sequence similarity to any
known imprinted genes. The expression profile of the gene
in embryos was confirmed by RT-PCR (Fig. 2a). Expression
was not detected in androgenetic embryos, and the expres-
sion level in parthenogenetic embryos was higher than that
in normal embryos. These data suggest it is a good candi-
datefor a Meg. To determine whether or not the gene was
maternally expressed, we sequenced RT-PCR products de-
rived from C57BL/6(B) and PWK(P) newborn mice RNAs.
We identified a single nucleotide polymorphism in the gene,
the sequence AAATACTCATAAA being present in B ani-
mals and the sequence AAATACTCGTAAA in P animals
(Fig. 2b). Direct sequencing of RT-PCR products of newborn
mice RNA from reciprocal Fl crosses was performed (Fig.
2b). hi BPF1 hybrids, only B type products were detected.
In contrast, m PBF1, only P type products were detected.
These results indicate exclusive expression of the maternal
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Fig 1 Identification of a cDNA peak displayinga maternal ex-
pression pattern. Typical fluorescent differential display patterns
of RNAs from androgenetic (E9 5, blue line in the upper column),
parthenogenetic (E9 5, red line inthe lower column), and normal em-
bryos (green lines, E8 5 in the upper columnand E9 5 in the lower
column) with a capillary DNA sequencer (ABI310) The peak (J312)
indicated by the arrow in each column represents the Meg Rian,
which was detected using HEX labeled GTTTTTTTTTTTTTTTV
and CACCAGGTGA Other arbitrary primers used were TTCGAGC-
CAG, GTGAGGCGTC, GGGGGTCTTT, CCGCATCTAC, GATGACC-
GCC, GAACGGACTC, GTCCCGACGA, TGGACCGGTG, CTCACC-
GTCC, TGTCTGGGTG, ACCGCGAAGG, GGACCCAACC, GTCGC-
CGTCA, TCTGGTGAGG, TGAGCGGACA, ACCTGAACGG, TTGG-
CACGGG, GTGTGCCCCA, CTCTGGAGAC, GGTCTACACC, CCC-
AAGGTCC, GGTGCGGGAA, CCAGATGCAC, GTGACATGCC, TC-
AGGGAGGT, AAGACCCCTC, AGATGCAGCC, TCACCACGGT, and
CTTCACCCGA. The fragment length of peak J312 was 312bp PCR
products were subjected to polyacrylamide gel electrophoresis and
bands around 312 bp were excised The recovered DNAs were sub-
jected to reamplification by PCR The reamplified products were sub-
cloned into the TA-cloning vector Several clones were sequenced and
their sizes were determined The correct clone was selected as to the
size estimated from the sequence

allele of the gene.
We screened the E12.5 cDNA library and got a cDNA of

5.4 kb in length. 5' RACE, and comparison of the cDNA
and the RACE products sequence revealed that the cDNA
was full-length (DDBJ accession number, AB063319). A
search with its sequence revealed that this gene exhibited
no significant similarity to any sequence in the database.
Weak similarity was detected with the Bsr gene (9), which
was identified as non-coding RNA expressed in the rat
brain The cDNA sequence contains multiple small open
readingframes (ORFs, Fig. 3b); however, none of the ATGs
is in the context of a Kozak consensus sequence The long-
est ORF comprises only 76 amino acids Neither this, nor
any of the shorter ORFs, encodes an amino acid sequence
exhibiting homology to proteins with known functions. The
subcellular location of the transcripts was analyzed to
assess whether or not this gene was associated with the
translational machinery in the cytoplasm. In contrast with
a translated gene such as G3PDH, RNA FISH analysis
showed the transcripts were predominantly localized in the
nucleus (Fig. 4a). Therefore, we named the gene derived
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C57BL/6 PWK BPF1 PBF1
Fig 2 Maternal expression of Rian. (a) RT-PCR analysis of
RNAs from androgenetic (E9 5), parthenogenetic (E9 5), and normal
embryos (E8 5 as a control for androgenetic embryos, and E9 5 as a
control for parthenogenetic embryos). The primers used were GCTT-
TTTAATGGCTGTGCATATAC and AGCAATTAATCTCACTAGTG-
CCT (b) Direct sequencing was performed for RT-PCR products from
C57BL/6, PWK, BPF1, and PBF1 The polymorphic base is indicated
by arrows. BPF1 mice were produced by natural mating between
C57BL/6 females and PWK males. PBF1 mice were producedby nat-
ural mating betweenPWK females and C57BL/6 males

from peak J312 Rian (RNA Imprinted and Accumulated in
Nucleus) RT-PCR analysis of various tissues revealed that
Rian was only detected in the brain (Fig 4b).

Genetic mapping of Rian was carriedout by analysis of a
radiation hybrid panel (The Jackson Laboratory RH map-
ping panel) of 100 mice. Rian was mapped to a 5.91 cR
region between D12Mit279 and D12Mitl33, where Meg3/
Gtl2 (10, 11), a maternally expressed imprinted gene, is
located. This region is syntenic to rat6q32, where Bsr is
located (9). Rian exhibits weak homology to the Bsr gene,
which was identified as non-coding RNA expressed in the
rat brain The paternal duplication of mouse distal chromo-
some 12 leads to late embryonal/neonatal lethality and
growth promotion, whereas maternal duplication leads to
late embryonal lethality and growth retardation (12). This
indicates the presence of imprinted genes on chromosome
12 that are essential for normal growth and development.
Consistent with this, a transgene insertion, Gtl2t°cZ, map-
ping to the distal portion of chromosome 12, results in
growth retardation on paternal inheritance. This insertion
is located 3kb upstream of the Meg3IGtl2 gene (10). The
lethality accompanying the array of mutant phenotypes
identified for maternal and paternal duplication of mouse
distal chromosome 12 indicates that imprinted genes on
chromosome 12 play roles in multiple lineages that are not
affected in the Gtl2l°cZ mutant. A reciprocally imprinted
gene, Delta-like (Dlk), exhibiting homology to genes in-
volved in the Notch signaling pathway, was identified 80 kb
upstream of Meg3/Gtl2 (13-16). Rian and/or Dlk could be
involved in the lethality accompanying the array of mutant
phenotypes.
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a

Fig 3 Structural analysis of the Rian gene, (a) Rian sequence (b) Putative open reading
frames (ORFs) encoded by three frames of mouse Rian

Rian G3PDH
Fig 4 Tissue distribution of Rian
transcripts, (a) Rian RNA localiza-
tion in munne cells RNA FISH of
Rian and G3PDH was performed (b)
RT-PCR was performed on RNA from
heart, brain, spleen, lung, liver, skele-
tal muscle, and kidney samples. The
primers used were GCTTTTTAATG-
GCTGTGCATATAC and AGCAATT-
AATCTCACTAGTGCCT

FITC DAPI FITC DAPI

REFERENCES

1. McGrath, J. and Solter, D. (1984) Completion of mouse embryo-
genesis requires both the maternal and paternal genomes. Cell

37, 179-183
2. Suram, MA, Barton, S C, and Norns, M L. (1984) Develop-

ment of reconstituted mouse eggs suggests imprinting of the
genome during gametogenesis. Nature 308, 548-550

Vol 130, No 2, 2001

 at Peking U
niversity on Septem

ber 30, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/


190 I. Hatada et at.

3 Reik, W and Walter, J (2001) Genomic imprinting- Parental in-
fluence on the genome. Nat Rev 2, 22-32 11.

4 Hatada, I., Hayashizaki, Y, Hirotsune, S, Komatsubara, H,
and Mukai, T (1991) A genomic scanning method for higher
orgamsmsusing restriction sites as landmarks. Proc Natl
Acad Sci USA 88, 9523-9527

5. Peters, J , Wroe, S F , Wells, CA., Miller, H J , Bodle, D.,
Beechey, C V, Williamson, C M., and Kelsey, G (1999) A cluster 12
of oppositely imprinted transcripts at the Gnas locus m the dis-
tal imprinting region of mouse chromosome 2 Proc Natl Acad.
Sci USA 96, 3830-3835

6 Hagiwara, Y, Hirai, M., Kishiyama, K, Kanazawa, I , Ueda, T, 13
Sakaki, Y, and Ito, T (1997) Screening for imprinted genes by
allehc message display. Identification of a paternally expressed
gene Impact on mouse chromosome 18 Proc Natl Acad. Sci 14
USA 94, 9249-9254

7 Deltour, L , Montagutelh, X., Guenet, JL , Jami, J , and Paldi,
A. (1995) Tissue- and developmental stage-specific imprinting
of the mouse proinsuhn gene, Ins2 Deu Bwl 168, 686-688 15

8 Sotomaru, Y, Kawase, Y., Ueda, T, Obata, Y, Suzuki, H,
Domeki, I , Hatada, I , and Kono, T. Disruption of imprinted
expression of U2afbp-rs/U2afl-rsl gene in mouse parthenoge-
netic fetuses. J Bwl Chem (in press)

9. Komine, Y, Tanaka, N K, Yano, R , Takai, S , Yuasa, S , Shiro-
lshi, T, Tsuchiya, K, and Yamamon, T (1999) A novel type of
non-coding RNA expressed m the rat brain Brain Res. Mol 16
Brain Res. 66, 1-13

10 Schuster-Gossler, K., Bihnski, P., Sado, T, Ferguson-Smith, A.,
and Gossler, A. (1998) The mouse Gtl2 gene is differentially
expressed during embryonic development, encodes multiple
alternatively spliced transcripts, and may act as an RNA. Dev

Dyn 212,214-218
Miyoshi, N, Wagatsuma, H , Wakana, S , Shiroishi, T, Nomura,
M., Aisaka, K., Kohda, T, Surani, M A., Kaneko-Ishmo, T, and
Ishino, F (2000) Identification of an imprinted gene, Meg3/Gtl2
and its human homologue MEG3, first mapped on mouse distal
chromosome 12 and human chromosome 14q Genes Cells 5,
211-220
Georgiades, P, Watkins, M., Suram, MA., and Ferguson-Smith,
A.C (2000) Parental origin-specific developmental defects in
mice with uniparental disomy for chromosome 12. Development
127, 4719-4728
Schmidt, JV, Matteson, PG, Jones, BK., Guan, X.J, and
Tilghman, S M (2000) The Dlkl and Gtl2 genes are linked and
reciprocally imprinted Genes Deu. 14, 1997-2002
Wyhe, A.A., Murphy, S K., Orton, TC , and Jirtle, R L (2000)
Novel imprinted DLK1/GTL2 domam on human chromosome
14 contains motifs that mimic those lmphcatedin IGF2/H19 re-
gulation. Genome Res 10, 1711-1718
Kobayashi, S, Wagatsuma, H, Ono, R., Ichikawa, H, Yama-
zaki, M., Tashiro, H , Aisaka, K., Miyoshi, N, Kohda, T, Ogura,
A., Ohio, M, Kaneko-Ishino, T, and Ishino, F (2000) Mouse
Peg9/Dlkl and human PEG9/DLK1 are paternally expressed
imprinted genes closely located to the maternally expressed un-
pnnted genes mouse Meg3/Gtl2 and human MEG3 Genes
Cells 5, 1029-1037
Takada, S, Tevendale, M, Baker, J , Georgiades, P, Campbell,
E , Freeman, T, Johnson, M H , Paulsen, M , and Ferguson-
Smith, AC (2000) Delta-like and gtl2 are reciprocally express-
ed, differentially methylated linked imprinted genes on mouse
chromosome 12 Curr Bwl 10, 1135-1138

J Bwchem.

 at Peking U
niversity on Septem

ber 30, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/

