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Abstract: The TLR gene has the function of regulating the growth and development of plant trichomes. Leaf trichome is
one of the important morphological characteristics of Camellia sinensis (L.), which plays an important role in the physiology
and ecology of tea plant and tea quality. In this study, we conducted a comprehensive analysis of tea plant CsTLRs genes, in-
cluding codon parameters, genetic relationship and heterologous expression hosts. This was achieved using multiple analytical
approaches including neutral plot analysis, parity rule 2 plot (PR2-plot) analysis, implemented through softwares such as
CodonW and EMBOSS. The results showed that the codon usage bias of CsTLRs genes was weak, and the bias was primarily
dominated by natural selection. There were 20 optimal codons in CsTLRs genes, mostly ending with A/U. Both cluster analy-
ses of the coding sequences (CDS) and relative synonymous codon usage ( RSCU) revealed that CsTLRs genes in tea plant

were phylogenetically closer to those in poplar ( Populus)

7S B B .2025-02-10 and cucumber ( Cucumis sativus ). For heterologous
B . & K A5 5 8 A & R &% I ( CSTB2022TIAD- expression of CsTLRs genes from tea plant, tobacco ( Nicoti-
CUX0021) ; T P AR AR A 2% 51 25 48 40 28 BV W 312 Jo 14 ana tabacum) , Arabidopsis ( Arabidopsis thaliana ), and
RO H (F2023757) 52024 4F B 5 T A0 A1) 37 fiE 7 1 1 tomato (Solanum lycopersicum) could be selected as genetic
H (2024NYCX012) transformation recipients, while the expression in microor-
YEE BV : AR (2004-) | Zo, =1 BRALHR A, ASBE BIFSE O 1) 1 2 ganisms was better in Saccharomyces cerevisiae. In summa-
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ry, this study analyzed the codon usage bias of CsTLRs

genes in tea plants, elucidating their characteristic codon
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usage patterns during the regulation of leaf trichome development. These findings would provide references for future functional

studies of CsTLRs genes.
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Table 1 The G+C content and related codon bias parameters of CsTLRs genes in tea plant

G+C & (%)

FE R i ENC CAI FOP
G, GC, GC, GCy

(€SS0027686 42.71 38.19 36.68 39.20 49.72 0.16 0.33
€SS0033811 4235 43.37 39.80 41.84 41.69 0.15 0.34
(€SS0028457 41.58 40.10 44.06 41.91 53.73 0.17 0.39
(SS0026328 42.94 40.49 42.94 42.13 54.56 0.13 0.34
€SS0016632 46.78 43.39 40.34 43.50 54.55 0.17 0.37
€SS0023014 46.78 43.39 40.68 43.62 54.33 0.17 0.37
€SS0028845 49.20 44.37 49.20 47.59 53.83 0.19 0.40
€SS0034420 47.81 40.35 50.00 46.05 61.00 0.17 0.37
€SS0050347 52.78 54.04 63.64 56.82 51.81 0.16 0.41
€SS0050180 38.83 44.47 49.48 44.26 54.55 0.18 0.41
€SS0023113 46.84 42.28 48.95 46.02 56.08 0.18 0.40
€SS0027976 40.49 46.93 51.22 46.21 54.09 0.16 0.39
€SS0049096 45.46 39.14 53.31 45.97 58.86 0.20 0.42
(€SS0046429 46.19 39.45 52.83 46.16 59.23 0.20 0.42
€SS0007159 44.60 32.73 45.32 40.89 54.35 0.20 0.38
(SS0032956 49.15 39.59 39.93 42.89 49.91 0.18 0.38
€SS0005060 48.81 39.25 41.30 43.12 50.95 0.18 0.39
(€SS0018453 49.49 40.27 39.93 43.23 51.99 0.18 0.39
(SS0035631 49.75 45.27 41.29 45.44 47.12 0.17 0.39
(€SS0040328 48.16 46.94 44.49 46.53 57.02 0.20 0.45
(€SS0014780 49.83 45.05 57.68 50.85 52.16 0.22 0.45
(€SS0026012 53.18 43.18 51.36 49.24 49.95 0.20 0.44
€SS0048639 47.42 39.21 42.86 43.16 49.52 0.17 0.33
€SS0041393 49.47 38.95 37.37 41.93 54.90 0.18 0.40
€SS0022757 49.78 44.59 40.69 45.02 50.66 0.15 0.37

CC, 5 125 L RLBRIE G+C B GCy - B T8 2 PLRIE GHC 7 k5 Gy - WS T2 3 RLWAIE G+C 7 B3 GCopy 1 1 G+C B i ENC i RS T
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Table 2 Correlation coefficients between the codon usage parameters of CsTLRs genes in tea plant

i H e, GC, GC, GCo ENC CAI
GC, 1.000

GC, 0.254 1.000

GC, 0.177 0.483* 1.000

GCy 0.544 " 0.759 ** 0.859 ** 1.000

ENC -0.081 -0.143 0.358 0.140 1.000

CAI 0.312 -0.161 0.381 0.282 0.331 1.000

GC, T4 1 Si2E G+C i ; GC, T4 2 (i Al3E G+C &1 ; GO T4 3 (A2, G+C 3 GC B G+C B i ENC . A 35U RS 1

B CAL BT T AR L, * 3% LB I (P<0. 05) 5 ™ omB 5 HIX(P<0. 01)
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1 Z# CTLRs BERAFMWF L E S
Fig.1 Neutrality plot analysis of codon usage in CsTLRs genes

as in CsTLRs genes of tea plant
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UZSBIE T 44.83%; A 45 B 511 & GCy R TH 3 At G+C A ENC A A T80
27.59% ;G 4 R E ST 5 13.79% 5 C 45 R 1) % 3 %8 CSTLRs BEERBTF ENC-plot £ E 5
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Table 3 The distribution of the effective number of codons ( ENC) ratio of CsTLRs genes of tea plant
A ENC i (3 AR B %)
[-0.05,0.05] —-0.01(€SS0034420) ;0.02( CSS0049096,CSS0046429) ;0.04( CSS0041393) ;0.05( CSS0040328) 5 20.0
(0.05,+ )  0.06(C€SS0016632) ; 0.07 ( CSS0023014 , CSS0023113) ; 0.08 ( CSS0026328 , CSS0050347 ) 5 0.09 ( CSS0007159) ;0. 10 20 80.0

(CSS0028457 ,CSS0050180) 5 0. 11 ( CSS0028845 , CSS0027976 , CSS0018453 ) 5 0. 12 ( CSS0027686 , CSS0014780) 50.13
((CSS0005060,CSS0022757) ;0.14( €SS0032956) ;0.16 ( CSS0048639) 50.17 ( CSS0026012 ) 50.20 ( CSS0035631 ) ;0.28
(CSS0033811)

ENC s = (ENC o —ENCoy ) /ENC g o FEr ENC g 0785 85 - 5 TE D P o 2L 1 A 0 T0U 0 5 20 s B, ENC g 0 B W -3 b BT B
A AT R T

Ala  GCU(1.34) GCC(1.03) GCA(1.02)  GCG(0.61) 0 0
Cys  UGU(1.04)  UGC(0.96) 0 0 0 0
Asp  GAU(121) GAC(0.79) 0 0 0 0
Glu  GAA(1.07)  GAG(0.93) 0 0 0 0
Phe UUC(L.13) UUU(0.87) 0 0 0 0
Gly GGA(121) GGU(1.08) GGC(0.90) GGG(0.81) 0 0
His  CAU(I.11) CAC(0.89) 0 0 0 0
lle  AUU(131) AUC(0.97) AUA(0.73) 0 0 0
Met | AUG(1.00) 0 0 0 0 0
Lys  AAG(1.01)  AAA(0.99) 0 0 0 0
Leu UUG(1.51) CUC(1.26) CUU(L.18) CUA(0.82) CUG(0.68) UUA(0.56)
Asn  AAU(1.02)  AAC(0.98) 0 0 0 0
Pro  CCA(1.60) CCU(1.06) CCG(0.89) CCC(0.45) 0 0
Gln  CAA(1.25) CAG(0.75) 0 0 0 0

Arg  AGA(223) AGG(149) CGG(0.66) CGA(0.65) CGC(0.62) CGU(0.35)
Ser  UCU(1.19) UCA(L.I1)  AGU(1.01) UCC(0.99) AGC(0.87) UCG(0.82)

Thr = ACC(1.35) ACA(122) ACU(0.99) ACG(0.45) 0 0
Val = GUG(1.32) GUU(1.29) GUC(0.89) GUA(0.50) 0 0
Trp  UGG(1.00) 0 0 0 0 0
Tyr  UAU(1.02) UAC(0.98) 0 0 0 0

Ala: WA ; Cys : PIEER ; Asp: KEEMR ; Glu: &M ; Phe : AR ; Gly: HZML ; His: 2L AR ; lle: 5758 AR ; Met: I BRAMR ; Lys : AR ;
Leu: 7 &R ; Asn ; RATENE ; Pro: &R ; Gln . 28 E B ; Avg K5 ER ; Ser: 28 R ; Thr: 2R ; Val : S &2 ; Trp : (A& R ; Tyr . BE AR .

4 ZFB CsTLRs EEEX F X H -7 A E (RSCU)

Fig.4 The relative synonymous codon usage (RSCU) of CsTLRs genes in tea plant
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2.6 mMAZHEFOHT L i . GCA . GCC . UGU ,GAU ,GAA .GGA . CAU |
KHEH CsTLRs F D E A7 B I 2 0% F o0, &5 CUC .CUU ,AAU .CCA .CCU ,CAA ,AGA _AGG . UCA |

(F4) BoR HIBRL L7 @it ENC s Pt UCU.ACA,GUU, UAU, Ho U 25 B /)% i1 5
JEFAS i M 2, o8 5 0m 2 B RSCU 2 45% A Z5 B IS T 15 40%, C 45 R I i1
( ARSCU) , i 3% HY [F) B 396 2 ARSCU>0. 08, RSCU> — 10%,G 45 B IS T 5 5%, E— IE T 55
1. 00 B TR N AR B T, e 0 et 20 e CsTLRs FERRAHE L A/U SR EIS T,

R4 FH CTLRs BERKRMREBFHH
Table 4 Optimal codon analysis of CsTLRs genes in tea plant

IR T RSCU %ﬁ%%@w 1&%[2%%1& ARSCU || BHMR LSS RSCU '%‘iﬁs%%w 1&%11%%% ARSCU
Ala GCA 1.02 0.80 0.61 0.19 Pro CCA 1.60 2.00 1.36 0.64
GCC 1.03 1.49 1.15 0.34 cce 0.45 0.40 0.47 -0.07
GCG 0.61 0.23 0.68 -0.45 CCG 0.89 0.30 1.36 -1.06
GCU 1.34 1.49 1.55 -0.06 CcCu 1.06 1.30 0.81 0.49
Cys UGC 0.96 0.57 0.97 -0.40 Gln CAA 1.25 1.52 1.18 0.34
UGU 1.04 1.43 1.03 0.40 CAG 0.75 0.48 0.82 -0.34
Asp GAC 0.79 0.43 0.87 -0.44 Arg AGA 2.23 2.79 1.06 1.73
GAU 1.21 1.57 1.13 0.44 AGG 1.49 2.23 1.50 0.73
Glu GAA 1.07 1.11 0.99 0.12 CGA 0.65 0.42 0.35 0.07
GAG 0.93 0.89 1.01 -0.12 CGC 0.62 0.42 0.88 -0.46
Phe uuc 1.13 0.60 1.18 -0.58 CGG 0.66 0.14 1.41 -1.27
uuu 0.87 1.40 0.82 0.58 CGU 0.35 0 0.79 -0.79
Gly GGA 1.21 1.31 1.03 0.28 Ser AGC 0.87 0.71 0.68 0.03
GGC 0.90 0.62 0.94 -0.32 AGU 1.01 1.12 1.09 0.03
GGG 0.81 1.00 0.83 0.17 UCA 1.11 1.53 0.86 0.67
GGU 1.08 1.08 1.20 -0.12 uce 1.00 0.71 1.32 -0.61
His CAC 0.89 0.57 1.18 -0.61 UCG 0.82 0.10 1.04 -0.94
CAU 1.11 1.43 0.82 0.61 UCuU 1.19 1.83 1.01 0.82
Ile AUA 0.73 0.89 0.66 0.23 Thr ACA 1.22 2.05 0.89 1.16
AUC 0.97 0.97 0.92 0.05 ACC 1.35 1.12 1.58 -0.46
AUU 1.31 1.14 1.42 -0.28 ACG 0.45 0.09 0.62 -0.53
Lys AAA 0.99 0.86 0.87 -0.01 ACU 0.99 0.74 0.89 -0.15
AAG 1.01 1.14 1.13 0.01 Val GUA 0.50 0.46 0.43 0.03
Leu CUA 0.82 0.68 0.62 0.06 GUC 0.89 1.08 0.94 0.14
cuc 1.26 1.44 1.27 0.17 GUG 1.32 0.77 1.57 -0.80
CUG 0.68 0.76 0.65 0.11 GUU 1.29 1.69 1.06 0.63
Ccuu 1.18 1.27 1.12 0.15 Trp UGG 1.00 1.00 1.00 0
UUA 0.56 0.42 0.67 -0.25 Tyr UAC 0.98 0.77 1.13 -0.36
uuG 1.51 1.44 1.67 -0.23 UAU 1.02 1.23 0.87 0.36
Met AUG 1.00 1.00 1.00 0
Asn AAC 0.98 0.90 0.99 -0.09
AAU 1.02 1.10 1.01 0.09

Ala: NER ; Cys : P 2R ; Asp: R EIR ; Glu: A 2R ; Phe : RN AR ; Gly . H &R ; His: &R ; Tle . 552 2R ; Met: BT ZUR ; Lys: BIAR ;
Leu : 7228 ; Asn : RATENE ; Pro: IR ; Gln . 73X &I ; Avg K &R ; Ser: ZZ &R ; Thr: I & R ; Val . S & B2 ; Trp : (&R ; Tyr: BS &R, RSCU .M
Xof [l B - FH R 5 e 2k L RSCU . B R BT I HES T 3 07 35 PR (0 A b ) SRS 14 P E 5 IR SR K 2L X RSCU . A 3B 0% T 5077
HEZ G 3 A0 3 R A AH X6 ) SC 05 P4l FHEE 3 ARSCU ¥ 36353 RSCU-R R FE R RSCU, MLIA . A1 39 /£ ARSCU>0. 08 \RSCU> 1. 00 [ 115
¥
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1
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U’ ¥ (Arabidopsis thaliana)
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HTF TLRs EEKHBFFI(CDS) (A) FAEXE X ZRBFERE (RSCU) (B) HIBESHT

Fig.5 Cluster analysis based on coding sequences (CDS) (A) and the relative synonymous codon usage (RSCU) (B) of TLRs genes
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Table 5 Comparison of codon usage frequency of tea plant CsTLRs genes and the genomes of six model organisms

S CZ';L%{%( gfﬁ R G E

N Cs/Nt Cs/Sl Cs/At Cs/Ec Cs/Sc Cs/Ag
AAA 30.34 0.93 0.98 0.98 0.82 0.72 2.51
AAC 31.64 1.77 1.83 1.51 1.56 1.28 1.89
AAG 30.88 0.92 1.00 0.94 2.02 1.00 1.16
AAU 32.72 1.17 1.07 1.47 1.12 0.92 2.52
ACA 16.90 0.97 0.94 1.08 1.12 0.95 2.97
ACC 18.64 1.92 2.17 1.81 0.99 1.47 0.75
ACG 6.18 1.37 1.34 0.80 0.45 0.77 0.31
ACU 13.65 0.67 0.69 0.78 1.04 0.67 4.40
AGA 22.21 1.39 1.35 1.17 3.13 1.04 8.54
AGC 13.98 1.40 1.50 1.24 0.98 1.43 0.96
AGG 14.84 1.22 1.25 1.35 3.71 1.61 3.45
AGU 16.25 1.22 1.07 1.16 1.23 1.14 5.42
AUA 13.00 0.93 0.93 1.03 0.98 0.73 3.94
AUC 17.23 1.55 1.23 0.93 0.89 1.00 0.42
AUG 21.45 0.86 0.87 0.88 0.91 1.03 0.84
AUU 23.29 0.84 0.83 1.08 0.79 0.77 1.79
CAA 20.59 0.99 0.98 1.06 1.43 0.75 3.49
CAC 11.38 1.31 1.46 1.31 1.56 1.46 1.29
CAG 12.24 0.82 0.87 0.81 0.46 1.01 0.48
CAU 14.09 1.05 0.91 1.02 1.14 1.04 1.22
CCA 21.45 1.08 1.12 1.33 2.36 1.17 5.11
CCC 5.96 0.90 1.05 1.12 0.96 0.88 0.47
CCG 11.92 2.38 2.59 1.39 0.82 2.25 0.46
CCU 14.19 0.76 0.74 0.76 1.49 1.05 2.73
CGA 6.50 1.23 1.20 1.03 1.35 2.17 1.81
CGC 6.18 1.58 1.99 1.63 0.44 2.38 0.20
CGG 6.61 1.79 2.13 1.35 0.84 3.89 0.51
CGU 3.47 0.46 0.50 0.39 0.22 0.54 0.31
CUA 15.28 1.63 1.53 1.54 2.73 1.14 8.04
CUC 23.62 1.92 2.11 1.47 2.49 4.37 0.89
CUG 12.68 1.24 1.21 1.29 0.34 1.21 0.30

CUU 21.99 0.92 0.88 0.91 1.52 1.79 1.22
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: Cs/Nt Cs/Sl Cs/At Cs/Ec Cs/Sc Cs/Ag
GAA 27.19 0.76 0.78 0.79 0.77 0.60 0.84
GAC 18.85 1.12 1.26 1.10 1.05 0.93 0.69
GAG 23.84 0.81 0.90 0.74 1.23 1.24 0.95
GAU 28.71 0.78 0.73 0.78 0.85 0.76 1.03
GCA 12.24 0.53 0.55 0.70 0.53 0.76 0.81
GCC 12.35 0.99 1.22 1.20 0.57 0.98 0.24
GCG 7.37 1.27 1.42 0.82 0.35 1.19 0.20
GCU 16.04 0.51 0.52 0.57 0.85 0.76 1.38
GGA 18.64 0.80 0.73 0.77 1.37 1.71 2.59
GGC 13.87 1.24 1.43 1.51 0.67 1.42 0.28
GGG 12.46 1.19 1.15 1.22 1.01 2.08 1.45
GGU 16.58 0.74 0.69 0.75 0.70 0.69 0.95
GUA 5.63 0.49 0.50 0.57 0.43 0.48 1.66
GUC 10.08 0.91 1.00 0.79 0.77 0.85 0.33
GUG 14.84 0.89 0.93 0.85 0.75 1.37 0.58
GUU 14.52 0.54 0.52 0.53 0.67 0.66 1.08
UAC 9.97 0.74 0.80 0.73 0.85 0.67 1.15
UAU 10.40 0.58 0.56 0.71 0.48 0.55 0.73
UCA 17.88 1.02 0.86 0.98 1.36 0.96 4.47
ucc 16.04 1.57 1.62 1.43 1.65 1.13 0.94
ucG 13.11 2.47 2.34 1.41 1.60 1.52 0.76
ucu 19.07 0.95 0.90 0.76 1.46 0.81 5.15
uGC 11.05 1.53 1.65 1.53 2.01 2.30 1.70
UGG 20.48 1.68 1.52 1.64 1.53 1.97 1.64
UGU 12.03 1.23 1.11 1.15 2.04 1.48 6.68
UUA 10.40 0.78 0.72 0.82 0.60 0.40 8.67
uuc 20.26 1.13 1.16 0.98 1.46 1.10 0.70
uuG 28.28 1.27 1.17 1.35 2.19 1.04 3.14
uuu 15.60 0.62 0.60 0.72 0.64 0.60 1.34

Cs : 25 TLRs Ji PR 65 A% - JIAUA8 5 N 081 e 5 PR 2HL 8 e ol PO S 70 5 5 PR AL 3 1) (00 PO A0 86 s A« 00T O B PRI 28 S 0 7 AU 5 B s R
i T i DR 2L 2l FRIABUAR 5 S TR 9 ok PR L 8 B S PR3 5 A« AR AR AT T 5 DR 2L 4 1 10l AR

3 1

8 i P R PR S TR R R A 9 B AL
il 2 — , E R e S R RHIR A 80CR 1R T3 R 2
JRFRIEIRP 2 AR A A 2 R R 2 2 B 5
R i SR RIE T A Bl T D D R A I R
PIATEERE VR, X 2R i PR 8 8 1 fi 2 ) F 5
B AR O A BRI 45 S m] LAAS A5 By BRI 4

PR S (0 Y e ke A R 2 B Y R
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PRI 22305 2 52 M) 59 )~ ff -, IV 2 15 %3 A DG 1 3
PRI P BE 23 AR 1 B 00 R P A R B 3 1 P T SR AN
[} f) 5 B0 —F R AR 52300 8B CsTLRs 3 [
GC,F-HIME Ny 45.81% , T 1Y 20 MR &5 1
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SRR T 10%,6 RN T 5 5%,
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