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Genomic structure of the gene for mouse germ cell nuclear factor
(GCNF)
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Abstract

Background: The germ cell nuclear factor (GCNF, also known as retinoid acid receptor-related
testis-associated receptor, neuronal cell nuclear receptor or NR6A1) is an orphan receptor in the
nuclear receptor superfamily found in mammals, amphibians and fish. The mouse Gcnf gene is
expressed in the placenta and the developing nervous system and germ cells, and responds to
retinoic acid. 

Results: We have defined the intron-exon structure of the mouse Gcnf gene and found that it
contains 11 exons. Exons 1-4 encode the 75 amino acid amino-terminal domain and exon 4 also
encodes the core DNA-binding domain. The carboxy-terminal extension is encoded by exon 5,
exons 6 and 7 encode the hinge region, and exons 7-11 encode the putative ligand-binding domain.
Unusually, the two zinc-finger motifs in the DNA-binding domain are encoded by separate exons.

Conclusions: The protein-coding region of GCNF is contained in 11 exons. The genomic structure
of this nuclear receptor gene will be useful for further studies.
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Table 1

Organization of the mouse Gcnf gene.

Exon Exon cDNA 5´ splice donor Intron Intron 3´ splice acceptor
number size (bp) position* number size (kbp)

1 >344 1-344 CCGCGCAACGgtgggta 1 ND ctattgttctctctttagGTTTCT

2 42 345-386 CCAGGCACTAgtaagttc 2 >12 gttctttttgctttgcagATGGAG

3 45 387-431 CATATACCTGgtaagtgg 3 ND tgacttatccatgtttagTTTCCG

4 243 432-674 AACAGGAAGGgtgagttg 4 >12 gtctacatttccttctagCTATCA

5 56 675-730 ACCAGTCCAGgtgagtcc 5 ND atccatttcttgccaaagATATCA

6 155 731-885 TATCATCCAGgtgagcta 6 ND tgaagtttttctctccagTAGGTC

7 228 886-1113 TTGAAGATGGgtgagtta 7 1.238 tcctgtccctgcccccagGTATGC

8 255 1114-1368 AACTCCACAGgtgagagc 8 ND cctgtatctgttctccagATTTAG

9 122 1369-1490 CTGAATCAAGgtgagtag 9 1.408 ttttgtttttgttttcagATATCA

10 153 1491-1643 TACATCGCAGgtaatatt 10 1.567 tctcttccctttacctagGCAAGA

11 >869 1644

Lower-case letters are used for the intron sequence and capital letters for the exon sequence. The GenBank accession numbers for the exons and the
flanking sequences are AF254575S1-AF254575S8. *Relative to GenBank entry MMU09563.

Figure 1
The location of the different exons in the GCNF amino-acid
sequence. The core DNA-binding domain is underlined.
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Figure 2
Sequence of exon 1 of Gcnf. The location of the EcoRI site
(GAATTC) marking the 5´-end of the Gcnf cDNA (GenBank
entry MMU09563) and the putative translational start codon
(ATG) are underlined.

TTGGGTTCTC CCTACTTAGG TCTTCCTGTT TTTTTTCCAT CACCCCTTTA TTTGGTAGAG 
TCCCGTGTGG GCAGCCTCGT TGGGAGGACT ACATTTCCCA GAATTCCTCA CGGGCATGTG 
CGTGGCAGCG GCGCGTGACG TCAGAGGAGG GAGCTGGCCA GTGCTGAGGG GGCGCGGCGC 
GGAGGGGCGC GGAGCCGGGC GGCTCAGGGG CCCAGAGAGT GCGGCGGCCG AGAGCCTGCC
GGCCCCTGAC AGCCCCCTCC CCCCGTGGAA GACCAGGACG ACGACTACGA AGGCGCAAGT 
CATGGCGGAG CAGCGAAGCC CGAGAGGGCC CTGAGCACCG CCGCATGGAG CGGGACGAAC 
GGCCACCTAG CGGAGGGGGA GGCGGCGGGG GCTCGGCGGG GTTCCTGGAG CCGCCCGCCG 
CGCTCCCTCC GCCGCCGCGC AACG



co
m

m
ent

review
s

repo
rts

depo
sited research

interactio
ns

info
rm

atio
n

refereed  research

http://genomebiology.com/2000/1/3/research/0006.3

E*4� 	�+����,	���� ������� �����,� #��)� -;��� '� 	�
� <

,
�� ��� �0�� 0����� ������� �0���	�� �;��� <$55� ,
�� ��� �0�

+��	����� ���	�
$���
���� 
�	��)� �� �	��	��� �� �0�� ��+�,	�

������+��	
����	���� ����	�� 2�(����6�	�
� �0�� ,��	�	��

������0	��������
�����0���������	���+	������0���������0��;��75:8)

Conclusions
10��+�����$,
������������(*�3����,��	���
����55��;��)

�

����	�� ���
���� ����� ��� ��A����
� �� 
������ �0�� �����	$

���I+������ �����)� @�� �0���� �0�� �����,� ����,����� �

�0����������	�
�	��+����������������������0����;�0�����	����

����,��	����,�+��������������������������0������
�������0��

���A�����,�+��)

Acknowledgements
We would like to thank H.C. Schaller for her support of this work in her
institute, and M. Däumigen and W. Kullmann for sequencing.

References
1. Greschik H, Schüle R: Germ cell nuclear factor: an orphan recep-

tor with unexpected properties. J Mol Med 1998, 76:800-810.
2. Cooney AJ, Katz D, Hummelke GC, Jackson KJ: Germ cell nuclear

factor: an orphan receptor in search of a function. Am Zool
1999, 39:796-806.

3. Chen F, Cooney AJ, Wang Y, Law SW, O’Malley BW: Cloning of a
novel orphan receptor (GCNF) expressed during germ cell
development. Mol Endocrinol 1994, 8:1434-1444.

4. Süsens U, Borgmeyer U: Characterization of the human germ
cell nuclear factor gene. Biochim Biophys Acta 1996, 1309:179-182.

5. Joos T, David R, Dreyer C: xGCNF, a nuclear orphan receptor
is expressed during neurulation in Xenopus laevis. Mech Dev
1996, 60:45-57.

6. Braat AK, Zandbergen MA, de Vries E, van der Burg B, Bogerd J,
Goos HJ: Cloning and expression of the zebrafish germ cell
nuclear factor. Mol Reprod Dev 1999, 53:369-375.

7. Hirose T, O’Brien DA, Jetten AM: RTR: a new member of the
nuclear receptor superfamily that is highly expressed in
murine testis. Gene 1995, 152:247-251.

8. Bauer U-M, Schneider-Hirsch S, Reinhardt S, Pauly T, Maus A, Wang
F, Heiermann R, Rentrop M, Maelicke A: Neuronal cell nuclear
factor - a nuclear receptor possibly involved in the control
of neurogenesis and neuronal differentiation. Eur J Biochem
1997, 249:826-837.

9. Laudet V: Evolution of the nuclear receptor superfamily:
early diversification from an ancestral orphan receptor. J Mol
Endocrinol 1997, 19:207-226.

10. Süsens U, Aguiluz JB, Evans RM, Borgmeyer U: The germ cell
nuclear factor mGCNF is expressed in the developing
nervous system. Dev Neurosci 1997, 19:410-420.

11. Morasso MI, Grinberg A, Robinson G, Sargent TD, Mahon KA: Pla-
cental failure in mice lacking the homeobox gene Dlx3. Proc
Natl Acad Sci USA 1999, 96:162-167.

12. Katz D, Niederberger C, Slaughter GR, Cooney AJ: Characteriza-
tion of germ cell-specific expression of the orphan nuclear
receptor, germ cell nuclear factor. Endocrinology 1997,
138:4364-4372.

13. Zhang YL, Akmal KM, Tsuruta JK, Shang,Q, Hirose T, Jetten AM,
Kim KH, O’Brien DA: Expression of germ cell nuclear factor
(GCNF/RTR) during spermatogenesis. Mol Reprod Dev 1998,
50:93-102.

14. Lei W, Hirose T, Zhang L-X, Adachi H, Spinella MJ, Dmitrovsky E,
Jetten AM: Cloning of the human orphan receptor germ cell
nuclear factor/retinoid receptor-related testis-associated
receptor and its differential regulation during embryonal
carcinoma cell differentiation. J Mol Endocrinol 1997, 18:167-176.

15. Heinzer C, Süsens U, Schmitz TP, Borgmeyer U: Retinoids induce
differential expression and DNA binding of the mouse germ
cell nuclear factor. Biol Chem 1998, 379:349-359.

16. Schmitz TP, Süsens U, Borgmeyer U: DNA binding, protein
interaction and differential expression of the human germ
cell nuclear factor. Biochim Biophys Acta 1999, 1446:173-180.

17. Shapiro MB, Senapathy P: RNA splice junctions of different
classes of eukaryotes: sequence statistics and functional
implications in gene expression. Nucleic Acids Res 1987,
15:7155-7174.


	Background
	Results and discussion
	Conclusions
	Acknowledgements
	References

