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ABSTRACT The Sox9 gene encodes a tran-
scription factor that is critical for testis determination 
and chondrogenesis in vertebrates. Mutations in human 
SOX9 cause campomelic dysplasia, a dominant ske­
letal dysmorphology syndrome often associated with 
male to female sex reversal. Here we show that the 
Sox9a gene was duplicated during evolution of the rice 
field eel, Monopterus a/bus, a freshwater fish which 
undergoes natural sex reversal from female to male 
during its life, and has a haploid genome size (0.6-
0.8 pg) that is among the smallest of the vertebrates. 
The duplicated copies of the gene (named Sox9a/ and 
Sox9a2) fit within the Sox9 clade of vertebrates, 
especially in the Sox9a subfamily, not in the Sox9b 
subfamily. fhey have similar structures as revealed by 
both genomic and cDNA analysis. Furthermore, both 
Sox9a/ and Sox9a2 are expressed in testis, ovary, and 
ovotestis; and specifically in the outer layer (mainly 
gonocytes) of gonadal epithelium with bipotential 
capacity to form testis or ovary, suggesting that they 
have similar roles in gonadal differentiation during 
sex reversal in this species. fhe closely related gene 
structure and expression patterns of the two sox9a 
genes in the rice field eel also suggest that tl1ey arose in 
recent gene duplication events during evolution of this 
fish lineage. Mo/. Reprod. Dev. 66: 211-2 l 7, 
2003. © 2003 Wiley-Liss, Inc. 
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INTRODUCTION 

Campomelic dysplasia (CD) is a severe human 
dwarfism syndrome characterized by malformations of 
cartilage-derived structures (Maroleaux el al., 1971; 
Houston ct al., 198�JJ. Most campomelic patients (around 
75%) show male-to-female XY sex reversal. Positional 

© 2003 WILEY-LISS, INC. 

cloning and subsequent mutationa 1 analysis have shown 
that SOX9 haploinsufficiency forms a molecular basis 
for this disorder (Foster et al., 1994; Wagnerei al., 1994J. 
This gene encodes an autosmnal transcription factor 
that contains a DNA binding domain of the high mobility 
group (HMG) family that recognizes both chromatin 
structure and a specific binding sequence. Through this 
HMG box it appears related to the mammalian testis­
determining factor SRY. It also contains a transcription 
activation domain located at the carboxyl terminus 
of the protein. Evidences have been provided that dur­
ing chondrogonesis tho chondrocyte-specific Col2al, the 
gone encoding type II collagen, and aggrecan, a gene 
encoding a sulfate proteoglycau are direct targets for 
SOX9, and SOX9 is also implicated in the transcription 
regulation of the gene for anti-Mii.llerian hormone dur­
ing tho sex determination process (Bell et al., 1997; 
de Santa Barbara et al., 1998; de Crombrugghe et al., 
2000). 'l'he KIAA0800, a novel Sox9-activated gene, is 
evolutionarily conserved and potentially involved in 
sexual differentiation (Zhao et al., 2002a). Our recent 
results show that human SOX9 interacts with TRAP230, 
which adds a new transcription factor to the short list of 
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