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Abstract

Object: Cotton fibers represent one of the sources of natural fibers, widely applied in fields such as textiles,
medical, and industry. With the rapid development of society, people's ever-increasing demand for cotton
fibers. In addition, the market’s demand for cotton quality is escalating, and traditional cotton varieties can
no longer meet these needs. Therefore, modern breeding techniques and genetic improvement methods to
breed new cotton varieties may be an effective means to solve the contradiction between supply and
demand of cotton. This study employed cotton genetic transformation system to obtain transgenic lines
overexpressing and silencing the GhABLHI gene with high expression in cotton fiber. Transcriptome
analysis of GhBLHI transgenic lines was used to explore downstream metabolic pathways regulated by
GhBLHI. Additionally, yeast two-hybrid assay was utilized to screen for genes interacting with GhBLH1,
such as GhKNOX6. Molecular techniques, cotton genetic transformation system, and genetic methods were
applied to elucidate the roles of GhBLH1 and GhKNOXG6 in plant cell elongation, providing a significant
theoretical foundation and novel gene resources for increasing fiber yield and improving fiber quality.
Methods: GhBLHI gene with high expression in cotton fiber was selected and transgenic lines with
overexpressed and silenced GhBLHI were obtained using genetic transformation techniques. Transcriptome
analysis from GABLH] transgenic plants were used to select downstream pathways regulated and candidate
genes by GhBLHI1. Validation of downstream target genes regulated by GhBLH1 was performed using
yeast one-hybrid (Y1H) assay, tobacco transient expression with the luciferase (LUC) reporter gene assay,
electrophoretic mobility shift assay (EMSA), and chromatin immunoprecipitation qPCR (ChIP-qPCR). The
interaction between GhBLH1 and GhKNOX was confirmed through yeast two-hybrid assay and further
validated by Pull-down and co-immunoprecipitation (Co-IP) assays. Genetic relationships between
GhKNOX6 and GhBLH1 were further investigated through cotton hybridization experiments.

Results: (1) GhBLHI1 positively regulates cotton fiber elongation. The genetic phenotypes of GhBLHI
overexpressing and silencing lines were analyzed, and the results showed that the GhABLHI-OE lines
produced longer fibers and the GABLHI-RNAI lines produced shorter fibers compared with wild-type
plants. To determine the genetic stability of GABLHI transgenic cotton, the fiber length was observed and
statistically analyzed across different regions and generations and the results showed that this trait could be
inherited stably. Additionally, the GABLH transgenic plants did not affect the length/width ratio of cotton
bolls, seed weight, or the vegetative growth of the cotton plants. These results indicate that GhBLH1
positively regulates cotton fiber elongation.

(2) GhBLH1 promote linolenic acid synthesis to positively regulate fiber development. Transcriptome
sequencing (RNA-seq) analysis of 15 DPA fibers from GABLHI transgenic plants revealed significant
enrichment in the biosynthesis of unsaturated fatty acids and alpha-linolenic acid metabolism. Analysis of

the unsaturated fatty acid profile showed a significant increase in linolenic acid (C18:3) content in



GhBLH-OE transgenic cotton, while GhBLHI-RNA1 transgenic cotton had a notable reduction in linolenic
acid (C18:3) content compared to wild type. The contents of other unsaturated fatty acids in GhBLHI
transgenic plants were not significantly different compared to wild type. These results suggest that
GhBLHI1 promote linolenic acid synthesis to positively regulate fiber development.

(3) GhBLHI positively regulates the transcription of the GhFAD7A-1. Through transcriptome data from
GhBLH]1 transgenic plants, two fatty acid desaturase 3 genes, GhFAD7A4-1 and GhFAD3-1, responsible for
the biosynthesis of linolenic acid, were successfully identified. Yeast one-hybrid (Y 1H) assay revealed that
GhBLH1 could directly bind to the promoter of GhFAD7A-1 but not to the promoter of GhFAD3-1,
indicating that GhFAD7A-1 and GhFAD3-1 are direct and indirect downstream genes of GhBLHI,
respectively. Further functional validation that GhBLHI directly binds to the GhFAD7A-1 promoter and
promotes its expression were provided by tobacco transient expression with the luciferase (LUC) reporter
gene assay, electrophoretic mobility shift assay (EMSA), and chromatin immunoprecipitation quantitative
PCR (ChIP-gPCR). Based on the structural domain characteristics of GhBLH1 and the distribution of the
TGGA cis-elements in the GhFAD7A-1 promoter, segmental analysis of GhBLH1 domain and the
GhFAD7A-1 promoter revealed that the POX domain of GhBLH1 positively regulates the transcription of
the GhFAD7A-1 by binding to the fourth TGGA cis-element in the promoter region of GhFAD7A4-1.

(4) GhFAD7A-1 positively regulates cotton fiber elongation. The genetic phenotypes of GhFAD7A-1
overexpressing and silencing lines were analyzed, and the results showed that the GhFAD7A-1-OE lines
produced longer fibers, and the GhFAD7A-1-Cas9 lines produced shorter fibers ccompared to wild-type
plants. Observations and statistical analyses of cotton fiber length across different regions and generations
showed that the trait was stable inherited in GhFAD7A-1 transgenic cotton. Additionally, GAFAD7A-1
transgenic material did not affect the length/width ratio of cotton bolls, seed weight, or vegetative growth
of cotton plants. These results indicate that GhFAD7A-1 positively regulates cotton fiber elongation.

(5) GhBLH1 and GhKNOX6 form a heterodimer to function. The interaction between GhBLH1 and
GhKNOX family members was verified by yeast two-hybrid assay, and it was found that GhBLH1 and
GhKNOX6 had strong interaction. Domain dissection experiments indicated that the POX domain of
GhBLHI1 and the K2 domain of GhKNOX6 are essential for the interaction between GhBLHI1 and
GhKNOX6 by protein domain segmentation assay.

(6) GhKNOX6 negatively regulates cotton fiber elongation and seed weight. GAKNOX6 overexpression
and knockout lines were analyzed, and the results showed that GAKNOX6-OE plants produced shorter
fibers, while GhAKNOXG6-cas9 plants produced longer fibers compared to wild-type plant. In addition,
compared with the wild type, the boll weight, flower size and fiber initiation number of GhAKNOX6-OE
lines decreased, while the GhRKNOX6-Cas9 lines did not change significantly. The analysis of cotton fiber

length in different regions and generations showed that this trait could be inherited stably in cotton. The



change of GhKNOX6 expression did not affect the vegetative growth of the plants. These results suggest
that GhKNOX6 negatively regulates cotton fiber elongation and seed weight.

(7) GhKNOX6 negatively regulates the GhBLH1-mediated promotion of fiber elongation by fatty acids.
Yeast one-hybrid (Y 1H) assay, tobacco transient expression with the luciferase (LUC) reporter gene assay,
and electrophoretic mobility shift assay (EMSA) indicated that GhKNOX6 interacts with GhBLH]1 to form
a heterodimeric complex, thereby interfering with the transcriptional activation of GhFAD7A-1. Further
cotton hybridization experiments between GAKNOXG6 transgenic lines and GABLHI transgenic lines
showed that in the presence of GhKNOX6 protein, the regulatory effect of GhBLH1 on the transcriptional
activity of GhFAD7A-1 was inhibited, which in turn affects the accumulation of linolenic acid content and
ultimately influences fiber development. These results indicate that GhKNOX6 negatively regulates the
GhBLH1-mediated promotion of fiber elongation by fatty acids.

Conclusions: In this study, we identified a BLH member, GhBLHI1, that regulated GhFAD7A-1
transcription through direct binding to the TGGA cis-element in its promoter region to promote linolenic
acid accumulation and to promote fiber cell elongation in cotton. In addition, GhKNOX6 interacts with
GhBLHI1 to form a functional heterodimer that interferes with the transcriptional activation of GhFAD7A-1
to negatively regulate cotton fiber cell elongation. Our results reveal that GhBLH1 and GhKNOX6
antagonistically modulate fiber development, broaden the understanding of the role of unsaturated fatty
acids in cotton fiber elongation, and provide new gene resources for crop genetic breeding.

Key words: Cotton fiber; GhBLH1; GhKNOX6; Linolenic acid biosynthesis; Fiber cell elongation
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