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Identification and expression analysis of the CLC gene family in sugarcane
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Abstract: The chloride channel (CLC) gene family plays a crucial role in nitrate storage within plant vacuoles. However, its
characteristics remain largely unexplored in the complex genome of sugarcane. In this study, we systematically identified 29 CLC
genes (SsCLCs) from the Saccharum spontaneum genome. These SsCLCs were distributed across 21 chromosomes and phyloge-
netically classified into six subgroups (Groups a, ¢, d, e, f, and g). The gene family exhibited conserved structures and motif
compositions. Genomic collinearity analysis indicated that the expansion of SSCLC was mainly driven by whole-genome or seg-
mental duplication events under strong purifying selection. Promoter analysis revealed a high abundance of cis-acting elements
associated with hormone responses (50.00%), growth and development (42.86%), and stress responses (7.14%). Furthermore, in a
comparison between S. spontaneum Yunnan 82-1 and its three hybrid progenies, the hybrids exhibited significant improvements in
key agronomic traits, including stalk diameter, leaf length, brix, fresh weight, and dry weight. Consistently, transcriptome and
qRT-PCR analyses showed that 75.86% (22 out of 29) of the SsCLC genes were upregulated in the roots of the hybrids. This study
presents the first comprehensive genomic characterization of the SSCLC gene family and highlights its potential role in improving

AR5 HH = B A BB TR TR Al B A6 35 (202301BD070001-213), 08 B LA Al A Aot 308 [ 58 BAR A b = ol 32 A A R 15 5 33
(CARS-17), zFFh-1Fhol Bk & 5256 % 3 H (202205AR070001-13), 75 7G4 A Bk 24 Be BHIFFUAF 35 H (2024K Y ZX-02) Fl <24 E L A 37 Ff
TR 2= 08 24 34 £ (XD Y C-YLXZ-2022-0038) 5 B

This study was supported by the Yunnan Provincial Department of Science and Technology Science and Technology Plan Agricultural Joint
Special Project (202301BD070001-213), the China Agriculture Research System of MOF and MARA (CARS-17), the Yunnan Seed Industry
Joint Laboratory Project (202205AR070001-13), the Pre-research Project of Yunnan Academy of Agricultural Sciences (2024KYZX-02), and
the Project of Supporting Talents in Xingdian-Yunling Scholars Special Project (XDYC-YLXZ-2022-0038).

" i 5 fE# (Corresponding author): #% 5, E-mail: 18087395132@163.com

F—VEH TR I3 E-mail: fafuyangzongtao@163.com

Received (IAE H ): 2025-09-01; Accepted (#Z H 1): 2025-11-18; Published online (4% H iz H 1): 2025-12-03.

URL: https://link.cnki.net/urlid/11.1809.S.20251203.1005.002

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).



5 3 4]

B pkas: HE CLC B R 5 5 R B 723

nitrogen use efficiency during sugarcane nobilization through root-specific gene upregulation, thereby offering valuable genetic

resources for breeding nitrogen-efficient sugarcane cultivars.

Keywords: sugarcane; CLC gene family; transcriptomics; expression analysis; nitrogen
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Phylogenetic analysis of CLC proteins in Oryza sativa, Triticum aestivum L., Arabidopsis thaliana, Glycine max, and Saccha-

AR B OARRINT: 434 a (5 0), 504l b (B, 74 c (40f), 548 d (7)), 74 e (B0, /4 £ (&), 504l g (B ).
Groups are represented by the following colors: Group a (cyan), Group b (black), Group c (red), Group d (blue), Group e (purple), Group f

(green), and Group g (brown).
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Fig. 5 Duplication types, K,/K, and collinearity analysis of SsCLC genes
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In Figure A, n indicates the number of genes for each duplication type, and the percentage represents its proportion within the SsSCLC gene
family. In Figure C, the red lines connect collinear gene pairs, while the differently colored fonts represent distinct evolutionary groups:
Group a (cyan), Group c (red), Group d (blue), Group e (purple), Group f (green), and Group g (brown).
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Fig. 6 Synteny analysis of CLC genes between sugarcane and Oryza sativa, Zea mays, and Sorghum bicolor
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Chromosome labels are as follows: Ss1A represents chromosome 1A of Saccharum spontaneum, Osl represents chromosome 1 of Oryza
sativa, Zml represents chromosome 1 of Zea mays, and Sb1 represents chromosome 1 of Sorghum bicolor. All other chromosome abbrevia-
tions follow the same naming principle.
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Fig. 7 Comparison of agronomic traits between S. spontaneum Yunnan 82-1 and its hybrids
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YNB82-1 represents the Saccharum spontaneum clone Yunnan 82-1. N1, N2, and N3 refer to three independent descendant lines developed
through multiple generations of hybridization using YN82-1 as the parental line. Error bars represent the standard error of each treatment
group (n = 3). Bars with different lowercase letters indicate significant differences at P < 0.05.
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Fig. 8 Heatmap of SsCLC genes expression in roots based on
transcriptome data
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The left panel depicts the phylogenetic tree of the SsCLC gene
family. The clades are differentiated by colored lines: cyan, red,
blue, purple, green, and brown correspond to Group a, Group c,
Group d, Group e, Group f, and Group g, respectively. FPKM
(fragments per kilobase of transcript per million mapped reads)
values of 0, 0.20, 0.40, 0.60, 0.80, and 1.00 are represented by a
color gradient from blue to red, with deeper red indicating higher
expression levels.
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ent lowercase letters indicate significant differences at P < 0.05.
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