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Recently, Chen and colleagues from Shanghai Institute of 
Plant Physiology and Ecology of Chinese Academy of Sci-
ences, in collaboration with scientists from Nanjing Agri-
cultural University and from the US, have identified a 
homeodomain (HOX)-containing transcription factor that 
plays a central role in controlling cotton fiber elongation 
[1].  

Cotton is widely cultivated in over 80 countries mainly 
for cotton fiber, the most important natural and renewable 
raw material for textile industry. Cotton fibers are sin-
gle-celled trichomes, and their development can be divided 
into four overlapping stages including initiation, elongation, 
secondary cell wall biosynthesis and maturation. Cell elon-
gation largely determines fiber length, a key quality and 
yield trait. In addition, the extensively elongated fiber cells, 
which undergo semi-synchronized development and rapid 
growth, provide an excellent system for the study of plant 
cell elongation. Recent investigations have shown that a 
MIXTA-type MYB transcription factor, GhMYB25-like, 
acts as a major regulator of fiber initiation [2], and a 
bi-functional LIM domain protein, WLIM1a, is involved in 
fiber cell wall biosynthesis and possibly also elongation [3]. 
However, how fiber elongation is controlled remains largely 
unknown. 

Based on genetic analysis, Shan et al. [1] discovered that 
GhHOX3 gene, which encoded an HD-ZIP IV transcription 
factor, associated with fiber quality traits, particularly the 
fiber length. Silencing of GhHOX3 gene resulted in a dra-

matic decrease of fiber length (>80% decrease, lint com-
pletely disappeared), while fiber initiation was largely un-
affected. Furthermore, overexpression of GhHOX3 gene 
promoted fiber elongation. They identified 78 down-   
regulated genes in the suppression line and most of which 
were classified into biological processes of cell growth, 
including cell wall formation, transcriptional regulation, 
signal transduction and metabolism. Of these, two cell wall 
loosening genes, GhRDL1 and GhEXPA1, were direct tar-
gets of GhHOX3, as evidenced both in vitro and in planta. 
GhHOX3 was further proved to directly bind to the L1 box 
cis-element present in the promoter of both GhRDL1 and 
GhEXPA1. 

Phytohormones, including auxin, gibberellin (GA) and 
probably ethylene, are proposed to regulate cotton fiber 
initiation and elongation [4,5]. Spatiotemporally ‘fi-
ne-tuning’ auxin biosynthesis in cotton ovule epidermal 
cells promotes fiber initiation, thus results in significant 
enhancement of fiber yield and quality [4]. However, the 
molecular mechanism underlying the hormone-mediated 
fiber cell elongation remains elusive. When culturing cotton 
ovules, GA is indispensable for fiber cell growth. In addi-
tion, GA can up-regulate the expression of GhRDL1 and 
GhEXPA1 genes, and this induction requires GhHOX3. 
These data not only indicate an essential role of GA in fiber 
elongation but also suggest the functional involvement of 
HOX proteins in GA signaling pathway. To dissect the 
GA-mediated regulatory network, the authors employed 
yeast two-hybrid screening for proteins interacting with 
GhHOX3. Multiple transcription factors involved in phyto-



310 Pei Y   Sci China Life Sci   March (2015) Vol.58 No.3 

hormone function and plant development were isolated, 
including another HD-ZIP IV protein, GhHD1, that was 
reported to have a mild effect on fiber cell development, 
and GhSLR1, a DELLA protein acting as major repressor of 
GA signaling. GhSLR1 did not bind to GhHD1, but com-
peted for the interaction with GhHOX3. Such tri-
ple-protein-interaction indeed affected the transcriptional 
activity of downstream genes: the GhHOX3-GhHD1 com-
plex synergistically activated gene expression, and thus ac-
tivity was substantially repressed by GhSLR1.  

This research uncovers the molecular mechanism of GA 

 

 

Figure 1 (color online)  A model for regulation of cotton fiber elongation 
by GhHOX3 and the phytohormone GA [1]. A, In cotton fibers, DELLA 
proteins bind to HOX3 to prevent its binding to other HD-ZIP transcription 
factors, repressing their transcriptional activation to target genes. B, GAs 
trigger degradation of DELLAs, releasing HOX3 protein to interact with 
other HD proteins, such as HD1, allowing activation of target genes, in-
cluding RDL1 and EXPA1, to promote cotton fiber elongation. 

in promoting cotton fiber elongation, in which GhHOX3 is 
a core regulator, and other regulatory proteins, such as 
GhHD1, act as accessory factors in the regulatory complex. 
DELLA proteins prevent the formation of the active com-
plex through directly binding to GhHOX3, and the high 
level of GA triggers degradation of DELLA proteins, re-
leasing GhHOX3 to interact with other transcription factors, 
allowing the activation of target genes and the resultant 
cotton fiber elongation (Figure 1). This HOX protein-in- 
volved GA signaling pathway may work in other types of 
plant cell rather than unique to cotton fiber. Further charac-
terization of the regulatory network centering on GhHOX3 
will help to identify other important regulators of cotton 
fiber development, and will definitely provide precious in-
formation and candidate genes for improving cotton fiber 
quality and yield through molecular breeding.  
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