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Abstract: Objective To screen the EsPsbP gene in Eleutherococcus senticosus, analyse its evolutionary characteristics, study the
binding mode of EsPsbP protein and PsbQ protein, and explore its expression under different light. Methods The EsPsbP genes were
screened and obtained based on the genomic data of E. senticosus and were subjected to bioinformatics, adaptive evolutionary analyses
and molecular dynamics simulations, and the expression of EsPsbP under different light conditions was investigated based on the
results of transcriptome sequencing. Results A total of 16 EsPsbP genes were screened and classified into nine groups, A—I. A total
of 21 covariate gene pairs were obtained within E. senticosus and between E. senticosus and Aralia elata, and the Ko/Ks of the gene
pairs were all less than 1. There was no positively selected site in EsPsbP gene, and a large number of light-responsive, hormone-
responsive, and drought-responsive elements existed in the promoter of EsPsbP gene. Molecular dynamics simulations revealed that
PsbQ proteins preferentially bound to EsPsbP proteins in group A. Transcriptomic data showed that nine EsPsbPs were differentially
expressed after different light quality irradiation. Conclusion A total of 16 EsPsbP genes of E. senticosus have been subjected to
predominantly pure selection during evolution, which has helped to maintain gene stability. The divergence of structural features of the
genes may lead to differences in the binding capacity of EsPsbP and PsbQ proteins and the response to light quality changes, and these

characteristics may be related to the physiological adaptations of E. senticosus and the formation of medicinal herb quality, which lays
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the foundation for further research on its function.

Key word: Eleutherococcus senticosus (Rupr. et Maxim.) Maxim.; PsbP gene; adaptive evolution; molecular docking; molecular

dynamics simulation
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a-phylogenetic developmental tree of EsPsbP in E. senticosus; b-chromosomal localisation of EsPsbP genes; c-intraspecies covariance analysis of EsPsbP

gene family; d-interspecies covariance analysis of EsPsbP in E. senticosus and A. elata. Red indicates PsbP covariate genes and grey indicates other

covariate genes. A~1-9 groups of EsPsbP genes.
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Fig.1 Phylogenetic development, chromosomal localisation and covariance analysis of EsPsbP gene family
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&1 EsPsbP ERRIEWM R
Table 1 Physicochemical properties of EsPsbP protein

ID $iE/aa AHXT 53 B PI UNERERE GRAVY
Ese08G001968.t1 266 28 880 8.95 36.37 -0.355
Ese03G003070.t1 262 27 880 8.81 31.23 -0.260
Ese01G003388.t1 262 27 960 8.61 29.23 -0.301
Ese08G000461.t1 270 29 250 8.43 54.50 -0.208
Ese15G001048.t1 272 30000 6.99 42.61 -0.205
Ese06G000230.t1 215 23660 6.44 47.15 -0.181
Ese24G000241.t1 248 27020 8.94 37.26 -0.036
Ese22G001733.t1 237 25610 5.61 31.42 —0.455
Ese19G002460.t1 245 26 430 5.28 33.88 -0.341
Ese01G003489.t1 263 28910 6.45 45.29 -0.322
Ese10G001387.t1 348 39070 9.17 45.66 -0.234
Ese11G001922.t1 264 29 810 9.18 47.71 -0.392
Ese19G000957.t1 593 66 010 7.56 52.94 -0.157
Ese21G002201.t1 240 26 470 8.77 49.31 -0.255
Ese22G000457.t1 285 31380 8.65 54.35 -0.167
Ese08G002195.t1 252 28100 8.84 44.49 -0.031
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2 EsPsbP EEEEXH KJ/Ks 5317
Table 2 Ka/Ks analysis of EsPsbP gene repeat pairs

ol 73 2 Ka Ks Ka/Ks
Ese01G003388.11 Ese08G001968.t1 0.081 342 0.354 906 0.229 192
Ese19G002460.t1 Ese22G001733.t11 0.039 148 0.217 672 0.179 847
Ese21G002201.t1 Ese06G000230.t1 0.057 867 0.174 069 0.332434
Ese03G003070.t1 Ese08G001968.t1 0.090 898 0.388 099 0.234 212
Ese01G003388.t1 AelG00444.1 0.062 546 0.257 256 0.243 128
Ese01G003388.t1 Ae09G00409.1 0.013 602 0.117 889 0.115 379
Ese01G003489.11 Ae09G00350.1 0.044 633 0.161 419 0.276 504
Ese11G001922.11 Ae05G00053.1 0.026 842 0.092 645 0.289 723
Ese15G001048.t1 Ae04G01240.1 0.024 576 0.109 936 0.223 545
Ese19G000957.t1 Ae07G01460.1 0.150 656 0.543 403 0.277 246
Ese19G000957.t1 Ael2G00417.1 0.141 478 0.338 234 0.418 285
Ese19G002460.t1 Ael2G01338.1 0.016 905 0.179 590 0.094 130
Ese21G002201.t1 Ae02G03341.1 0.036 241 0.097 931 0.370 070
Ese22G000457.11 Ael2G00597.1 0.042 696 0.212 451 0.200 969
Ese22G001733.t1 Ael2G01338.1 0.031 639 0.158 564 0.199 535
Ese24G000241.t1 Ae07G01226.1 0.037 045 0.073 923 0.501 121
Ese03G003070.t1 Ae01G00444.1 0.068 543 0.305 319 0.224 496
Ese06G000230.t1 Ae02G03341.1 0.041 040 0.112 309 0.365 424
Ese08G001968.t1 Ae01G00444.1 0.045 050 0.114 480 0.393 523
Ese08G000461.t1 Ae01G01667.1 0.025 271 0.101 942 0.247 896
Ese08G002195.11 Ae01G03082.1 0.038 864 0.153 660 0.252 922

*®3 PshP EFEMENMEHN T
Table 3 Adaptive evolutionary analysis of EsPsbP genes

3.3 EsPsbP BERFEKE DiEFE
T W€ EsPsbP 3R s E RS L%

ZREEPEHI T RENE, AR EsPsbP R RS AlnL SR

AMLEHEAT TIEFE R 100 (R 3D, FRIEFEA A MO 31 -8269.460640 »=0.21226

RIHAT IR (R 4). 5%, LR EA MO I Mla 32 -8351.927508 Po=0.006 14, ©o=0.000 00

BEHUBETY M3 1 LRT R5645 588 P<0.01. #iid & P1=0.993 86, ©1=1.000 00

e M3 BRST, M3 AET MO, #iBA&/Misi  M2a 34 —8351.628714 Po=0.006 13, wo=0.000 00

TEEER R I ESR, (H2HT M3 1 02<1, Ut P1=0.965 93, «1=1.000 00

B ANAEAE IEGEFEAT A . M1a 5 M2a B8 2 [A]ff) LRT P2=0.027 93, ©2=3.436 65

KU 4 8 P=0.741 71, iFM) M2a AfSr. 78 M3 35 —8225.380832 Po=0.006 09, «0=0.000 00

B M7 5 M8 WIELE, LRT fes RN p= P1=0.20952, 1=0.08974

0.497 56, UEFHRIAL M8 AL o 1 S AL (S 485 P2=0.784 39, ©2=0.263 22

BERH, 7F EsPsbP 3[R Al o FE eh ANIFEAE IF M7 32 -8226.520436 P=2.27208, q=7.368 93

BT, B IR S M8 34 8225822406 Po=0.97588, P=2.399 63,

3.4 EsPsbP ERMRTERF. RTEMEE. EE q=8.75719, P1=0.024 12,

CERISHT ©=1.65172

NT B IRER AN EsPsbP & A AR F %4 LRTRBER

PE DLz 22 ek, 48 F MEME 3748 % T 5%} EsPsbP Table 4 LRT test results

W ORSE I P AT 0T . 7EIX S EsPsbP 19 4L B LA df 2AInL Pl

KR 6 MEFEF (motif 1~6, K 2-A), R MO vs M3 4 387.161 35 <0.010

Ese01G003489.t1 #[H4, HAR 15 4> EsPsbP HI M1lavs M2a 2 4.27975 0.74171
M7 vs M8 2 0000538  0.497 56

#ZE/DEH 2 4 motif, 7+ H motif 3 4 15 4~ EsPsbP
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HEL T 1 &, H PLN00066. PLN00067 il
PLN00042 J& - PsbP superfamily. 7£i% 16 4> [

A B c
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Ese08G001968.1 mmioimrmm mgz:;g I Et“ggg%
Ese08G000461.t1 PsbP —
Ese15G001048.t] ——F=—— —

- Ese11G001922.t1

[ Ese22G001733.t] ——fmm—m -

L[Ese19<3002460.t1— -

Ese06G000230.t1

Ese21G002201 1 mmmmtemrem

Ese10G001387 ] mmmmetitm

Ese24G000241.t1 —_—

— Ese01G003489t1

— Ese22G000457.t1 — - —_
E5608G002195. 1] st
[Ese196000957.t1
T 1 T 1T rrTItrtI1r1rr 1711 117
0 200 400 600 0 200 400 600 0 3000 6000 9000 1200015000 18000
K /bp K /bp KR lbp

A}y EsPsbP B FURSFIEF 153 4; B N EsPsbP & (IR AiM18;  C 9 EsPsbP MISMNEF-N & F45H . SHERFIMET BRENE T
A is distribution of conserved motifs of EsPsbP protein; B is conserved structural domains of EsPsbP protein; C is exon-intron structure of EsPsbP.

Green boxes indicate exons; lines indicate introns.

2 EsPsbP EEZFGRHRTFERF. RTFEMHMBERLEHI

Fig.2 Conserved motifs, conserved domains and gene structure analysis of EsPsbP gene family

A B
4
3
£, K
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1 AST_DrRQll=EMSStE
0 A Y i O AT e |

&
A F1 B 2y EsPsbP [¥] motif 1 # motif 3, C F1 D 4y A¢PsbP [¥] motif 1 1 motif 3,
A and B are motif 1 and motif 3 of EsPsbP, C and D are motif 1 and motif 3 of AzPsbP.

3 EsPsbP 7 AfPsbP HIRFEF
Fig.3 Conserved motifs of EsPsbP and A7PsbP
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Fig. 4 Analysis of light-responsive elements of EsPsbP gene promoter
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Table S Molecular docking model binding energies

iR 254 BE/(kJ mol )
PsbQ-Ese08G001968.t1 -51.04
PsbQ-Ese03G003070.t1 -23.84
PsbQ-Ese01G003388.t1 -43.93
PsbQ-Ese22G001733.t1 —41.42
PsbQ-Ese21G002201.t1 —40.58
PsbQ-Ese19G000957.t1 —-40.16
PsbQ-Ese06G000230.t1 -38.91
PshQ-Ese22G000457.t1 -37.23

A g A Rl (kd mol ™)
PsbQ-Ese15G001048.t1 -35.56
PsbQ-Ese24G000241.t1 -35.14
PsbQ-Ese10G001387.t1 —-34.72
PsbQ-Ese19G002460.t1 -33.05
PsbQ-Ese11G001922.t1 -31.38
PsbQ-Ese01G003489.t1 -30.12
PsbQ-Ese08G002195.t1 —26.77
PsbQ-Ese08G000461.t1 -30.96
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a-a 5% (PsbQ 5 Ese08G001968.t1); b-b 17 (PsbQ 5 Ese01G003388.t1); c-c 5% (PsbQ 15 Ese22G001733.t1); A 4 EsPsbP 5 PsbQ &I/ T
X B #IC 43 EsPsbP 5 PsbQ A E AR T3 /15500200 RMSD. RMSF 7341;  C BIFPALEfR3 PsbQ I, B3 PsbP HEH.

a-models a (PsbQ with Ese08G001968.t1), b-model b (PsbQ with Ese01G003388.t1); c-model b (PsbQ with Ese22G001733.t1); A is the molecular docking
of EsPsbP with PsbQ protein; B and C are the RMSD and RMSF analyses of the molecular dynamics trajectories of the composite system of EsPsbP and

PsbQ proteins, respectively; red colour in C represents PsbQ protein, black colour represents PsbP protein.
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Fig.5 Molecular docking and kinetic simulation of EsPsbP with PsbQ protein
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Fig. 6 Expression analysis of EsPsbP gene
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