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Genome-wide identification and expression analysis of the CLC gene family in

blueberry (Vaccinium corymbosum) under salt stress
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(College of Forestry, Beijing Forestry University, State Key Laboratory of Efficient Production of Forest Resources, Key
Laboratory of Silviculture and Conservation of the Ministry of Education, Beijing 100083, China)

Abstract: [Objective] CLC proteins play pivotal roles in plant responses to salt stress; however, the salt
stress expression patterns and molecular regulatory networks of the CLC family in blueberry (Vaccinium
corymbosum) remain largely unknown. This study performed a genome-wide identification of the blueberry
CLC gene family and systematically analyzed their expression profiles under salt stress, aiming to lay a
foundation for elucidating the molecular mechanisms by which CLCs mediate CI” homeostasis and regulate
salt tolerance in blueberry. [Method] Bioinformatics methods were used to analyze the physicochemical

properties, gene structures, conserved motifs, scaffold locations, collinearity relationships, cis-acting
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elements in promoter regions, and phylogenetic relationships in VeCLCs family. Differentially expressed
genes were screened based on transcriptome data, and RT-qPCR was used to analyze the expression patterns
under salt stress. [Result] (1) 19 genes encoding CLC family members were identified from the genomic
data and unevenly distributed across 12 scaffolds. Phylogenetic analysis classified them into four
subfamilies, with significant variations in gene structure and conserved motif composition among the
members of different subfamilies. (2) Analysis of promoter cis-acting elements and upstream transcription
factor prediction revealed that VcCLCs promoters contain multiple regulatory elements related to growth and
development, phytohormones, and stress responses. Their expression is likely regulated by transcription
factors such as ERF, NAC, and WRKY. (3) Based on the salt-stress transcriptome analysis of roots from the
salt-tolerant cultivar ‘Duke’ and the salt-sensitive cultivar ‘Sweetheart’, three common differentially
expressed genes were identified and designated as VeCLCcl, VeCLCc2, and VeCLCf2. RT-qPCR results
demonstrated that these three genes were significantly upregulated in ‘Duke’ roots under salt stress but were
notably downregulated in ‘Sweetheart’ roots, indicating their potential involvement in blueberry salt-stress
responses. [Conclusion] This study elucidates the core characteristics of the CLC gene family in blueberry
and identifies key genes responsive to salt stress, providing candidate genes and a theoretical foundation for
understanding the molecular mechanisms of ClI” homeostasis maintenance under salt stress.

Key words: Vaccinium corymbosum; CLC gene family; genome-wide identification; salt stress; expression

profiling; chloride channel
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VeCLCdl ~ VeCLCd3 VeCLCel ~ VeCLCe4
VeCLCfl ~ VeCLCR 1 VeCLCgl ~ VeCLCg3 (% 2).
VeCLCs 119 B AL E T 23 BT 45 SR 2 7R« VeCLCs [ &
R B &= VU Bl A T 488(VeCLCe2) ~ 1 135 aa
(VeCLCd1/2/3), “*F¥IME 7 794.79 aa; 7 TR EN T
53 158.55(VcCLCe2) ~ 126 446.36 Da(VeCLCdD),
F I N 86 910.08 Da; i 2 HL 45 A T 5.20
(VeCLCe3) ~ 8.85(VeCLCg3), H 74 VeCLCs
HEYeSHANT 7, BTEBREEAD, 2MEH
VeCLCs #S S A KT 7, @ Tt & A Afae
ZHA T 33.26(VeCLCe5) ~ 49.51(VeCLCe3), “F
BN 40.90, i VeCLCs & A KIAEE E 250/
T 50, U IX L H AR AR AMEXT R E s BT R AL
F 95(VeCLCd1/2/3) ~ 111.94(VeCLCcl), “F 114
4 103.65, B i 107 7 23R WX S8 1 1 Ao B
B #FRE s PSR IK A T7-0.054(VeCLCR) ~
0.535(VeCLCel), “F {6 N 028, H o 174
VeCLCs HHM GRAVY KT 0, J& THikiEEH,
X VeCLCR2 ARk - W40 52 o7 T 45 2
B, T VcCLCs ¥ € AL T B, X 5 CLC & H
1 o 5 T B 1 38 I 1) D BE R AE B — B, R
VcCLCs A REFEAN IR b k4% Cl#Eia fdE iy & 7%

i EEAER
22 RGHUEE

Z: 8 AtCLCs [0 5K % 73 25, ¥4 VeCLCs 40~
ANKR. Hd A WEKEEE 3 4 VeCLCs, B L
FWEAE 6 > VeCLCs, C WREA L 2 F % CLC
SR, HEWI 2P 550 B8 0A AE 3E AE dEAL  E HoRT e
EREREDNRER: D ERERAHME RS, 4
10> VeCLCs(E 1.
23 BEESWMMGRTER

FE IR 454 o b s (B 2A), VeCLCs AR 4w b5 [X
UTR &N 0~ 2 4, it X CDS 45 T H & A7
TR 25, b D WHRER LN T =N 6 ~
8 AN, L2 51 3" UTR X35 A VS A% 2 B 25 5%
Z AR T (20 ~ 30 4N), AP E T3/ 3 A % 4,
UTR X3 B WREE A 5~ 7 M1
RBAER — R R 2 ILECA ML 4 &N %
F oA, A R L B3 22 57, X P %=
SEATRE R T AN FE S RTE S Be B oAk

B AR EET M R, VeCLCs & [ 1 3k %
FE 10 AMESFEFEFE (Motif 1~ 10), AN [EE 5 R R R
[F] /) Motif 5 A A7 75 B35 22 57 (] 2B) . iy,
Motif 2. Motif 10 /& T VcCLCs £ 1 ¥ 6L & 1

R2 EE CLC ERRKEERFHE
Tab. 2 Characterization of the CLC gene family in blueberry

He R4 SEHID R /aa N TRE/Da HHA ARERH WAL STHHKE THRER
VeCLCcl  VaccDscaff2-augustus-gene-355.25 535 58 630.87 7.36 37.19 111.94 0.535 5 iR
VeCLCc2  VaccDscaff14-snap-gene-303.32 488 53 158.55 6.46 39.48 100.88 0.334 5 iR
VeCLCc3  VaccDscaff25-snap-gene-353.36 543 59313.95 8.26 36.23 111.68 0.534 5 iR
VeCLCc4  VaccDscaff39-augustus-gene-127.26 825 90 849.18 8.20 34.08 105.33 0.367 5 iR
VeCLCc5 VaccDscaff6-augustus-gene-300.24 825 90 886.26 8.30 33.26 104.86 0.362 5 iR
VeCLCc6  VaccDscaff38-augustus-gene-118.47 825 90 724.09 8.08 33.77 106.04 0.385 5 iR
VeCLCc7  VaccDscaff37-processed-gene-193.8 876 96 398.65 8.25 33.64 105.32 0.403 5 iR
VeCLCdl  VaccDscaff35-snap-gene-42.35 1135 126 446.36 7.71 4321 95.00 0.020 5 iR
VeCLCd2  VaccDscaff4-snap-gene-94.31 1135 126 420.33 7.78 4321 95.00 0.018 5 iR
VeCLCd3  VaccDscaff36-snap-gene-267.24 1135 126 420.33 7.78 4321 95.00 0.018 5 iR
VeCLCel VaccDscaff39-augustus-gene-110.26 799 85847.18 5.67 45.92 102.97 0.249 5 iR
VeCLCe2 VaccDscaff6-augustus-gene-310.30 775 82 866.56 535 48.05 103.90 0.257 5 iR
VeCLCe3 VaccDscaff38-processed-gene-107.1 775 82 671.33 5.20 49.51 104.77 0.268 5 iR
VeCLCe4 VaccDscaff37-snap-gene-207.31 799 85719.08 5.63 47.58 104.69 0.253 5 iR
VeCLCf1  VaccDscaffl-processed-gene-461.1 691 73 269.47 6.89 36.58 101.26 0.138 5 iR
VeCLCf2  VaccDscaff78-processed-gene-6.19 569 61206.27 6.87 41.11 96.87 —0.054 5 iR
VeCLCgl VaccDscaff6-augustus-gene-378.34 782 85 846.58 8.79 43.15 107.98 0.422 5 iR
VeCLCg2 VaccDscaff39-augustus-gene-37.26 782 85 932.67 8.73 43.86 108.24 0.418 5 iR
VeCLCg3  VaccDscaff38-augustus-gene-39.28 807 88 683.87 8.85 44.05 107.65 0.417 5
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