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Abstract: Dirigent (DIR) proteins play crucial roles in lignin and lignan biosynthesis, significantly
influencing plant growth, development and stress responses. This study identified 40 CsDIR genes
through genome-wide screening in Camellia sinensis, and analysed for physicochemical
properties, phylogenetic tree, conserved motifs, chromosomal localisation, cis-acting element

structural features, and gene expression patterns of DIR gene family under tea anthracnose stress.

HEWH: EREARFFIES(32160077); M ERHEIRITHE ESREIEAA L 1[2024]02) .
B IVEN (1998—), fit, BTN TR, (B-mail)1572612519@qq.com.
TREVEE: BB, WL, #U0%, PR NEYIRRE S-S YR R A B AL AR IR AR
=AY A BB ZE A BT 7, (E-mail) yezhao@gzu.edu.cn.



The results were as follows: (1) Phylogenetic analysis classifies the CsDIR genes into three
subfamilies, and their promoter regions contain response elements for auxin, abscisic acid,
wounding and pathogens. (2) Analysis of protein structures and conserved domains confirme that
40 CsDIRs contain a B-barrel composed of eight antiparallel B-strands. 39 CsDIRs possess a
Dirigent domain, while one contains a Dirigent superfamily domain. (3) Results of chromosomal
localization and collinearity analysis indicate that the 40 CsDIR genes distribute across 10
chromosomes and 5 distinct contigs. Within CsDIR gene family, we identify 12 pairs of tandemly
duplicated genes and 4 pairs of collinear genes. (4) Expression pattern analysis of 12 CsDIR genes
under tea anthracnose stress demonstrates that all 12 CsDIR genes uniformly respond to tea
anthracnose stress. This study provides a foundation for future research on the function of DIR
gene family in response to biotic stresses in tea plants.
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Table 1 Primer sequence for real time quantitative PCR (qQRT-PCR)
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CsDIR2-F  ACCATCTTCGCTTTCCATGAC CsDIR30-R TCGTTGTCGACTGTCATGGG
CsDIR2-R ~ CAGCGATCGAAATGGACCCT CsDIR31-F CGTCAACGCAAATGGGACAG
CsDIR10-F  GGGCTCCAACCCAGTAACTC CsDIR31-R GTGCCACTGGAGTTGAGTGA
CsDIR10-R  ACCCAAGGCAGCATTGAGAA CsDIR32-F TGATGGACAACCCGCTCAC
CsDIR15-F  TACCCACTGTAACTCCTCCTG CsDIR32-R AGTATCTGCGAGCCAGCCT
CsDIR15-R ATTGACGGCTGGGTTGGTTA CsDIR35-F GCAAATACAATGGAAGCACCC
CsDIR20-F  CGGCATGCTCAATGTGATGG CsDIR35-R CACTGTATGAGTCTTGGCCT
CsDIR20-R  AAGACCTGCCGCGATGTAAA CsDIR38-F GGCCAAAGCCATCCCAAACGT
CsDIR21-F  CGTCTTTGAAACTGGTGGGC CsDIR38-R ATGTCGTGGAAGTAGAAGTG
CsDIR21-R TGTGATTCTTTCTCGTAACAACGG CsDIRA0-F TCGTGCTTAGTTGTATGCGA
CsDIR25-F  TTGGGCGAGCACAAGGATTT CsDIR40-R GCCGCATTCCACAGTGTTTT
CsDIR25-R TCAGCACCGGCAAAGTTCAT GAPDH-F CACGGTCAATGGAAGCATCAT
CsDIR30-F  CCGCCTCAAGCTCTTCTACC GAPDH-R GCAGCAGCCTTATCCTTATCAG
2 4R 550
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Table 2 Information of CsDIR gene family
REREE HTE HREH SREN REE oK V240 Jf 5 Aoz
F R 42 FA ID  Number of Molecular p= R # GranZi\avera e of Tt
Gene name Gene ID amino weight Theoretical Instability Aliphatic hvdro athifit Subcellular
acids (kD) pl index index ydrop Y localization
o diN
CsDIR1 ~ CSS0021743 381 38.81 4.44 35.85 93.12 0.171
Chloroplast
RN
CsDIR2 ~ CSS0010065 195 21.31 7.08 17.64 91.95 0.010
Chloroplast
P KA
CsDIR3  CSS0032670 181 19.72 6.65 29.44 92.15 0.050 Endoplasmic
reticulum
44N E B
CsDIR4  CSS0048417 192 20.57 7.92 32.82 95.05 0.118 Extracellular
Space
M A E] B
CsDIR5  CSS0020163 192 20.85 7.02 31.69 92.50 0.089 Extracellular
Space
CsDIR6  CSS0046097 170 18.82 9.16 33.87 86.53 0.119 i
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CsDIR32  CSS0024616 159 17.80 9.47 31.21 90.19 0.051 Extracellular
Space

44N E B

CsDIR33  CSS0019864 177 19.29 9.07 33.28 85.99 0.157 Extracellular
Space
- ZR

Chloroplast

YA E B

CsDIR35  CSS0026090 198 21.66 8.69 34.51 96.06 0.148 Extracellular
Space

M A E] B

CsDIR36  CSS0002646 202 22.65 9.64 39.69 95.59 0.115 Extracellular
Space

M A A B

CsDIR37  CSS0010713 249 25.37 5.47 33.33 92.89 0.262 Extracellular
Space

23 A

Chloroplast

k.

Chloroplast

4R A E B

CsDIR40  CSS0018582 188 20.57 6.07 39.58 103.72 0.245 Extracellular
Space

CsDIR29  CSS0020889 188 20.86 7.84 22.19 84.63 0.073

CsDIR30  CSS0046546 182 20.58 5.07 19.28 73.41 0.101

CsDIR31  CSS0024173 185 20.77 6.82 17.71 68.00 -0.128

CsDIR34  CSS0033209 185 20.20 10.07 43.14 90.65 -0.048

CsDIR38  CSS0009270 191 20.98 9.55 21.60 88.32 0.074

CsDIR39  CSS0010013 191 21.03 9.95 30.06 83.72 0.020
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Fig. 1 Phylogenetic tree of DIR protein of Camellia sinensis (Cs), Populus trichocarpa (Pt), Oryza

sativa (Os) and Arabidopsis thaliana (At)
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T BA o- M8 E AR RE B-TE AN TC I it 4 MhasH T 2, o- 1R e LA 11.28%(CsDIR2)
~29.26% (CsDIR11) , B-FAAKILHIA 3.00% (CsDIR13) ~6.67% (CsDIR21) , ZEMIBE]
EL1 4 19.68% (CsDIR23) ~38.22% (CsDIR24) , ot il 1 EL Ny 34.04% (CsDIR11)
~62.47% (CsDIR1) , Hri 2 A A0 T0 R0 )25 ith (9 L AR N B, 380 3 PR 901 65% A b0 2R
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Table 3 Secondary structure of CsDIRs

EHEEAR i a-RTiE IEAEE B-#efh TERI A
Protein name a-helix (%) Extended strand (%) B-turn (%) Random coil (%)
CsDIR1 13.65 19.95 3.94 62.47
CsDIR2 11.28 31.28 5.64 51.79
CsDIR3 27.07 30.94 4.97 37.02
CsDIR4 22.92 32.29 4.69 40.10
CsDIR5 26.04 30.73 3.12 40.10
CsDIR6 28.24 29.41 4.71 37.65
CsDIR7 26.04 31.77 3.65 38.54

CsDIRS 26.18 3141 4.71 37.70
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