
©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 15 (2): gmr.15027752

CpG island evolution in the mammalian 
DHRS4 gene cluster and its role in the 
regulation of gene transcription

Z. Su, G. Liu, X. Song, B. Liang, X. Chang and D. Huang

Department of Cell Biology, Shantou University Medical College, Shantou, 
Guangdong, China

Corresponding author: D. Huang
E-mail: huangdy@stu.edu.cn

Genet. Mol. Res. 15 (2): gmr.15027752
Received September 29, 2015
Accepted December 23, 2015
Published June 3, 2016
DOI http://dx.doi.org/10.4238/gmr.15027752

ABSTRACT. The dehydrogenase/reductase (SDR family) member 4 
(DHRS4) gene is copied during mammalian evolution; therefore, while 
only one DHRS4 gene is expressed in the mouse genome, the gene cluster 
consists of two (DHRS4 and DHRS4L1) and three (DHRS4, DHRS4L2, 
and DHRS4L1) copies in chimpanzees and humans, respectively. 
In this study, we explored the possible regulatory mechanism of 
the DHRS4 gene cluster in mammalian evolution by analyzing the 
promoter sequence, methylation of CpG islands, and RNA expression 
of the DHRS4 gene cluster in mice, chimpanzees, and humans by 
bioinformatics prediction, bisulfite sequencing PCR, and real-time 
reverse transcriptase-PCR. The results indicated that the DHRS4 gene 
was actively expressed in the three model species. The RNA level 
of DHRS4L1 was much lower than those of DHRS4 and DHRS4L2, 
and expressed lower homologous sequence identity to DHRS4 and 
DHRS4L2. DHRS4L2, the latest evolutionary copy of the DHRS4 gene 
in mammals, received a high promoter prediction score, and was the 
only copy of the DHRS4 gene cluster presenting hypermethylated CpG 
islands in the promoter region. An analysis of the relationship between 
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the promoter characteristics and RNA expression of the DHRS4 gene 
cluster indicated that the development of CpG islands, in addition to 
the promoter sequence, during mammalian evolution could modulate 
the dose compensatory regulation of the copy number-varied DHRS4 
gene cluster.
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