BasEE AW I = # I x 2 2 K Vol. 45, No. 4
2023 44 H JOURNAL OF BEIJING FORESTRY UNIVERSITY Apr., 2023

DOI:10.12171/5.1000—-1522.20210291

W2 T SU BRI E N FRIE S

Bom xmE IRe' KEREW  REKY
(L BB BRI 5T 960, o AR RS0 L 0T, AL 100091 2. P SOBL K37 7 U Bl B G, Y5 0
210037 3. F5HR AL AT 0 PR 7 T8 40530 5, o EDBRALRY 0 9205 BT 097, T3¢ 100091)

FHE: (B89 I S Yl (PRXO & — B A R AL IE NG, fEA LA & A aa ma B 77 1 B -+ R
o A TR RIS PRX FE R S U BEAL AN R AR S, B 7 T Bkt 22%5 . (53R TR HAM(E
BRI B IR T MBS PRY B KR RGEK B R R 704 Gk A, SRR R A, 2 K 45 44
Pl i 2CA FE T AR 23 AR AN E A [ 2L ZVRAS [R AR AR 0 38 R R 323, 08 8 43 Bl 5 66 R REAT 7 SR 5% ' 5 & PCR Bl .
(ERIDEEBRBT 106 > OePRX F [, MRY5H 5 MEFMERY PRX EH TP RFHRU KRS NT 14 M4
(2)OePRX FERI A A3 AT T 23 26 e i ik b B BRI 2B R SORY K0 25 77, B KR AL R 1 32 3
TEGRI AL, ST A LG, MO PRY R S B PRY R FIZEG R AT . R4+ OePRX & H )
LA TR T SEE . F5 KT A RIH S R FRIA Y LR : OePRX HEH 3 81 F & B 5
Z IHEKIK G TCHE R R O TR AN T # 8 FK B5 B T, 38% (1) OePRX SE R 2 % 7 5 3R05 . (4518 1Al
M OePRX & [K Z TR W 5 A E A3 KM 22 A48 2R IE AU s 1 HL DD RE RO S A Mk, D0 161 66 LT 0387 2 e A xe i B £
iy AR DX IR )2 23 AT B o B I R R S

KU AN 11128 PRXs; S Brohae; FEAmhia

FE S S718.46; S565.7  WEAFRRRRS: A XEHS: 1000-1522(2023)04-0036—-14

SISCAs I BEEN, XIWEER, £R4E, 5. Mo 28T S0 VR S0 10 AL R Rk 43 i (3], b skl R 24 %44k, 2023,
45(4): 36-49. Xue Li, Liu Xiaoxia, Wang Chenhe, et al. Evolution and expression analysis of the class III peroxidase family in

olive[J]. Journal of Beijing Forestry University, 2023, 45(4): 36-49.

Evolution and expression analysis of the class [II peroxidase family in olive

Xue Li' Liu Xiaoxia' Wang Chenhe' Zhang Jianguo'*® Rao Guodong'**
(1. State Key Laboratory of Tree Genetics and Breeding, Research Institute of Forestry,
Chinese Academy of Forestry, Beijing 100091, China;

2. Collaborative Innovation Center of Sustainable Forestry in Southern China,

Nanjing Forestry University, Nanjing 210037, Jiangsu, China;

3. Key Laboratory of Tree Breeding and Cultivation, National Forestry and Grassland Administration,
Research Institute of Forestry, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: [Objective] The class Il peroxidase is a group of plant-specific oxidoreductases, and plays an
important role in plant development and stress response. This paper presents a detailed overview of
evolution and expression of olive class III PRX gene family, aiming to provide a reference for olive
molecular breeding in the future. [Method] With some bioinformatic tools, we finished the identification of

the olive class III PRX genes, completed the analyses of phylogenetic relationship, gene mapping on the
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chromosomes, pairs of duplicates, motifs, gene structure, cis-acting elements and gene expression in
different tissues or biotic stresses, and did a verification of RNA-seq by RT-qPCR. [Result] (1) 106
OePRX genes were obtained, and classified into 14 groups based on the phylogeny with AtPRX and PtPRX.
(2) OePRX genes were unevenly located on 23 chromosomes, and ragment replication was the main driving
force for the expansion of gene family. Compared with AzPRX, OePRX had a closer relationship with PtPRX.
(3) The characterization of pI, MW, motifs, gene structure, signal peptide, and expression in different tissues
had the expected group-conserved patterns. The promoters of OePRX contained a variety of development
and harmone elements; 38% of OePRX genes was differentially expressed in heat, drought and waterlogged
stress. [Conclusion] The differential expansion and differential expression patterns may imply flexibility in
neofunctionalization of duplicated class III peroxidase genes, which is of adaptive significance to the strong

resistance of olive to a diversity of conditions, hence contributing to the importance of olive as a

Mediterranean Basin staple food.
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THAORE 5 PR AH SCAF T 3T NGDC(https:/bigd.
big.ac.cn/search/?dbld=gwh&q=0lea%?20europaca&pa
ge=1), 11128 PRX % [F 5k 1) AR 5F 45 H 3k (PF00141)
1 HMM F28 F3F pfam Chttp://pfam. xfam.org/family/
PF00141#tabview=tab6). F|H PF00141 f{] HMM #5&
A, FEMAON B B BRSO (GWHAOPM00000000.
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ML 4T 25 5 2 A6 ) B Chaem peroxidase) ) £ 5T 45
F32 PFO0141, iXKHER#EA 2 A o 5,
8] kA I 21 3R ™. A PFO0141 F) HMM H 7
AN 73 2% AtPRX R FIAE BN 52 11 52 P 50 SC A v
53847 hmmsearch A1 blastp, ¥ 2 Ff 7 7E15 2 1) 45 5
B4, 133 7 119 sf ik PRX. YR &1L
VIBEEREA 1 45 M 35k 2 70 Wi 2 3k S8 A A I O < 465 A 3k
(secretory_peroxidase, cd00693), X K& H 4 Mi
SF I AR AT 2 AR ST IS B T 45 A A R P AR
NCBI-CDD Filill 45 58, M B 70 s S id S A0 W) lilg R <
GERIRATERER) 13 2740, 5153 7 106 Sl

MAIIIZE PRX A A (€ 1. RIEHAE LA EY
I ATIE L, ¥ HAr 48 0ePRX1-0ePRX106. OePRX
| AR IERA BN N 240, T KN 509; 4 =
B/INN 26.55 kDa, fix KA 58.00 kDa; 25 Hi AR (LTS
[l 4.45 ~ 9.75, HH 74 A~ OePRX £ [1(69.8%) K
FEEF 7, @ 7R TN kI : 75 4> OePRX £
(70.8%) ¢ Sec/SPLAE T ik, 15 5 KK BE AR Ly [
N9 ~ 2 AFER; HAFEEME, H 141
10 /> OePRX & AN EHE TR W40 & A7 Tii
Mgk R BoR: FH 155 A 0ePRX & A K2 A1 Tt
ZRAR BB ORI A BT (50 4~ OePRX HH, i
A G5 KB OePRX i H A 66.7%), LA —
L T 41 A0 RN 4H 5 (25 4~ OeORXs 25 [, 15
T T KM 0ePRX B 33.3%); A& 155 ik
f) OePRX (31 4> OePRX E )1, 11 4> OePRX
B AT 2 M ARG R T, FE AR TR P

xR 1 HEHIIIZE PRY EER) 62 R EEB IR

Tab. 1 Nomenclature and physicochemical properties of class III PRX genes from olive

4 Name b W& EABKE Vi s Fd A9k - TR AE R
Intron phase Protein length/aa Molecular mass/kDa Isoelectric point Signal peptide Predicted subcellular localization

OePRX1  EVM0022477 0 344 38.40 6.10 7 No ffusk Extracellular

OePRX2  EVMO0032926 0 266 29.38 8.97 7t No YT Cytosol

OePRX3  EVMO0020804 0 327 35.65 9.21 H Yes H-4E4K Chloroplast

OePRX4  EVMO0047797 100 327 35.92 8.24 7 No 4l #% Nucleus

OePRX5  EVM0009292 100 316 34.40 8.72 H Yes WRIAJEE Vacular membrane

OePRX6  EVMO0060238 0 330 35.97 8.89 7 No H-4E4K Chloroplast

OePRX7  EVM0022620 12001000 276 30.39 8.66 7 No ZNHuSR Cytosol

OePRX8  EVMO0017319 1200201 279 30.58 7.70 JG No 45 Cytosol

OePRX9  EVMO0047458 20010 250 27.43 5.67 7E No 4B Cytosol

0ePRX10 EVMO0057886 0 319 34.48 6.98 H Yes 4344 Chloroplast

OePRX11 EVMO0047784 0 339 37.00 7.48 H Yes JFUIE Plasma membrane

OePRX12 EVMO0039807 20 358 38.84 7.51 H Yes H-4E4K Chloroplast

OePRX13  EVMO0011450 0 317 3435 9.14 H Yes 4344 Chloroplast

OePRX14 EVMO0019223 1 309 35.27 9.41 A Yes filu#h Extracellular

OePRX15 EVM0012728 1 320 36.91 9.20 A Yes 4 Cytosol

0ePRX16 EVMO0000231 0 336 37.28 7.08 H Yes 4344 Chloroplast

0ePRX17 EVM0024793 0 322 35.21 8.38 H Yes 4R 44 Chloroplast

0ePRX18 EVMO0042519 0 321 34.96 8.76 H Yes 4544 Chloroplast

0ePRX19  EVMO0059982 0 321 34.90 8.77 H Yes 4344 Chloroplast

0ePRX20 EVMO0019685 0 333 36.73 5.68 7t No JFUIE Plasma membrane

OePRX21  EVMO0058087 0 324 35.74 8.53 A Yes 4ffF Cytosol

OePRX22 EVM0027348 0 323 35.02 5.82 A Yes W Vacular membrane

OePRX23  EVMO0060830 0 331 36.34 9.41 £ Yes Jfa4h Extracellular

OePRX24 EVMO0015621 0 247 27.39 8.88 7 No 4 Hi% Nucleus

OePRX25 EVMO0010445 12101221 327 35.56 9.26 ¥ No IHF£¢ 44 Chloroplast
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Tab.1 (continued)
4% Name b WETAILL  EAPTKE Vi s LS CE | BN ER
Intron phase Protein length/aa Molecular mass/kDa Isoelectric point Signal peptide Predicted subcellular localization
0ePRX26 EVMO0006524 0 338 37.53 6.45 H Yes Mu4h Extracellular
OePRX27 EVMO0042768 22 304 32.63 6.58 H Yes 4344 Chloroplast
OePRX28 EVMO0048359 0 355 37.59 8.35 H Yes H-4%4& Chloroplast
OePRX29 EVMO0028664 0 317 34.49 9.09 A Yes T Vacular membrane
0ePRX30 EVMO0035621 0 327 34.85 5.51 H Yes Mu4h Extracellular
OePRX31 EVMO0048816 100 324 36.67 6.26 A Yes a4k Extracellular
0ePRX32 EVMO0003637 1002 350 39.07 8.83 A Yes Mu4h Extracellular
OePRX33 EVMO0019330 0 333 36.44 9.48 A Yes WA MR Vacular membrane
OePRX34 EVMO0033281 2100102 273 30.15 7.73 7E No YT Cytosol
OePRX35 EVMO0015060 10100000 319 35.73 6.63 7E No 4344 Chloroplast
OePRX36 EVMO0017946 0 329 37.29 8.48 H Yes 4L Cytosol
0OePRX37 EVMO0021366 - 331 36.79 9.34 H Yes H-4%4& Chloroplast
0ePRX38 EVMO0060527 0 342 37.64 6.21 A Yes 4S5 Cytosol
OePRX39 EVMO0014494 0 321 35.37 6.18 H Yes Mu4h Extracellular
OePRX40 EVMO0042196 0 319 34.12 9.41 H Yes H-4%4& Chloroplast
OePRX41 EVMO0015681 0 346 38.94 8.86 A Yes P9J5i I Endoplasmic reticulum
OePRX42 EVMO0047610 0 327 35.27 8.80 H Yes 4344 Chloroplast
OePRX43 EVMO0047452 20002 379 41.95 8.87 7 No M4k Chloroplast
OePRX44 EVMO0061929 0 319 34.23 4.45 H Yes Mu4h Extracellular
OePRX45 EVMO0054999 0 291 32.27 5.44 7t No Mu4h Extracellular
0ePRX46 EVMO0048606 0 328 35.67 6.51 H Yes WRIANE Vacular membrane
0ePRX47 EVMO0037058 20 315 34.41 7.55 7& No P9J5i I Endoplasmic reticulum
OePRX48 EVMO0022847 20 413 45.85 9.56 7 No H4E A Chloroplast
0ePRX49 EVMO0020385 20 373 41.16 9.35 7 No M4k Chloroplast
0ePRX50 EVMO0045080 0 317 34.55 9.02 A Yes 4344 Chloroplast
OePRX51  EVMO0044622 0 320 35.53 9.54 H Yes 4344 Chloroplast
0ePRX52 EVMO0021425 0 324 36.14 6.17 A Yes a4k Extracellular
OePRX53  EVMO0045494 0 327 35.52 8.71 A Yes T Vacular membrane
OePRX54 EVMO0020915 20 306 33.46 8.90 A Yes WA MR Vacular membrane
OePRX55 EVMO0031491 0 314 34.07 9.32 H Yes M4k Chloroplast
0ePRX56  EVMO0005944 2 292 31.79 9.45 A Yes 4344 Chloroplast
0ePRX57 EVMO0015088 0 317 34.42 9.13 H Yes Mu4h Extracellular
OePRX58 EVMO0050632 0 314 34.04 9.25 H Yes H-4%4& Chloroplast
0ePRX59 EVMO0028088 0 317 34.23 8.99 H Yes Mu4h Extracellular
0ePRX60 EVMO0025336 0 326 34.42 7.58 7G No 4344 Chloroplast
0ePRX61  EVMO0012469 0 317 34.68 9.33 A Yes a4k Extracellular
0ePRX62 EVMO0049574 0 340 37.08 6.25 H Yes Mu4h Extracellular
0ePRX63  EVMO0050273 10 240 26.55 6.22 7 No 4344 Chloroplast
OePRX64 EVMO0050817 0 310 34.15 8.46 H Yes H-4%4& Chloroplast
0ePRX65 EVMO0009492 0 322 34.85 4.99 A Yes 4344 Chloroplast

OePRX66 EVMO0047271 1200201 333 36.96 8.64 7 No JfUi Plasma membrane




a4l BE OSSO I S Rl SO R E A R 23K 43 BT 41
x1(8)
Tab.1 (continued)
4% Name b WETAILL  RARKE Vi s FHa fEEHK | BN AIER
Intron phase Protein length/aa Molecular mass/kDa Isoelectric point Signal peptide Predicted subcellular localization
OePRX67  EVMO0005889 210122 509 58.00 8.73 7t No ZNHu% Nucleus
OePRX68  EVM0026529 0 331 36.43 9.50 A Yes T Vacular membrane
OePRX69  EVMO0038965 20 310 33.90 9.23 A Yes JFUIE Plasma membrane
OePRX70  EVMO0024841 0 328 35.72 8.37 H Yes H-4E4k Chloroplast
OePRX71  EVMO0047959 3 314 34.07 6.94 H Yes H-4¢4A Chloroplast
OePRX72  EVMO0059042 0 339 37.43 5.56 H Yes JR I Plasma membrane
OePRX73  EVMO0022158 0 318 34.18 6.88 H Yes %¢44 Chloroplast
OePRX74  EVMO0027175 0 326 36.14 9.75 H Yes H-4E4k Chloroplast
OePRX75  EVMO0057531 20 287 30.73 8.89 H Yes WL Vacular membrane
0ePRX76  EVMO0032201 0 293 32.34 8.75 JG No IH-4344 Chloroplast
0ePRX77  EVMO0059919 0 339 37.61 8.36 i Yes WL Vacular membrane
OePRX78  EVMO0011789 0 355 39.51 8.06 7 No J5i I Plasma membrane
0ePRX79  EVMO0024970 - 329 36.54 9.19 H Yes H-4¢4A Chloroplast
OePRX80  EVMO0047604 100 339 37.82 8.30 7 No YA Cytosol
OePRX81  EVMO0061300 0 330 36.94 5.94 H Yes 4¢44 Chloroplast
OePRX82  EVMO0042525 0 298 32.64 8.62 A Yes Jf14h Extracellular
0ePRX83  EVMO0045066 0 318 34.03 9.15 H Yes H-4¢4A Chloroplast
OePRX84  EVMO0029808 0 354 39.38 5.68 JG No 4l Extracellular
OePRX85 EVMO0032932 1022010 247 27.30 5.65 7t No 45 Cytosol
OePRX86  EVMO0038819 2001020 250 27.72 5.44 7 No MR Cytosol
OePRX87  EVMO0002745 200 321 34.58 477 7t No MM Nucleus
OePRX88  EVM0038873 200 326 34.71 8.30 A Yes T Vacular membrane
OePRX89  EVMO0026260 2 348 38.22 9.56 i Yes JFiJX Plasma membrane
OePRX90  EVMO0044542 0 296 32.61 8.14 A Yes Jf14h Extracellular
0ePRX91  EVMO0046395 0 318 34.24 9.54 H Yes H-4¢4A Chloroplast
OePRX92  EVMO0042595 0 316 33.95 7.51 H Yes IH-4344 Chloroplast
OePRX93  EVM0047351 0 320 35.08 5.48 H Yes 4¢44 Chloroplast
OePRX94  EVMO0045920 0 332 35.75 4.63 A Yes Jf14h Extracellular
0ePRX95  EVMO0044144 0 325 35.63 8.75 7 No H-4¢4A Chloroplast
OePRX96  EVMO0048820 0 314 35.88 8.61 A Yes YA Cytosol
OePRX97  EVMO0058650 0 350 38.67 6.94 H Yes %¢44 Chloroplast
OePRX98  EVMO0026875 0 371 40.68 6.31 & No H-4E4k Chloroplast
0ePRX99  EVMO0019820 0 340 36.88 6.59 i Yes Hush Extracellular
0ePRX100 EVMO0018143 20020200000 394 43.59 9.28 J& No IH-4344 Chloroplast
OePRX101  EVM0029423 0 343 37.01 8.94 H Yes %¢44 Chloroplast
OePRX102 EVMO0036633 0 342 37.59 9.17 A Yes Jf14h Extracellular
0ePRX103 EVMO0041887 1 312 33.33 5.97 H Yes H-4¢4A Chloroplast
OePRX104 EVMO0032297 0 327 35.71 8.57 i Yes 4l Extracellular
0ePRX105 EVMO0042746 0 302 33.53 8.96 i Yes fu4k Extracellular
0ePRX106 EVMO0051394 0 343 37.01 8.94 H Yes H-4¢4A Chloroplast
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Fig. 2 Chromosomal distribution of PRX genes in class III olive
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Fig. 8 Expression patterns of olive class Il PRX genes in different organs or tissues
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Tab.2 Primers of six olive class [l PRX genes used for RT-qPCR

2 RS A P o B P
Gene name 319(5'—3") Primer sequence (5'-3) Gene product length/bp
OePRX1 F: TCCAGGAGTTGTTTCTTGTGC
114
R: CCTTCTTCCGTCTTTTCTTCC
OePRX8 F: AAGGGCGCATCCTGAAAG
200
R: AGAAGGCATCTTCATCCTTAGC
OePRX33 F: GGAAGCATAATAAGCGAGAAG
235
R: TTATTGGAGCCACTCAAACTG
OePRX36 F: ACAAACGCCACAAGAACACTG
195
R: CACTCCCTCTCTAAAGCCTCC
OePRX66 F: GATTCGCAATGAGGAGGAGTA
140
R: AGCAACAACACCAGCAAGC
OePRX99 F: GCTCGGGCTTTTAGAATCATC
204

R: GAAGGAAGGTTTGCCAGTGTT

bt 36.8%; KB A R, 10 /> OePRX Z 5k, 4
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Drought stress

Day(—3). TS 4 {T 3 K; Dayl3. TR 13 K HALR =R,
Day27. TR ALFE 27 K; Day80. HIKJG 52 K. B 1. F 2 WA
R R IE T, SRS B R 2. F R A R R ik B, 52K
JE R B 3L R R ) SR R Rk B, JE TR KR R
W B4 AR R R R R L B, SRS, R RE T
o STHIFER ZFRISIE S RG G T AL BUEAERT B . Day(-3),
3 d before drought treatment; Dayl3, 13th day of drought treatment
with high temperature; Day27, 27th day after drought treatment;
Day80, 52 d after re-irrigation. Module 1, gene expression is down
regulated during drought and up regulated after rehydration; module 2,
gene expression is upregulated during drought and downregulated after
rehydration; module 3, gene expression is upregulated during late
drought, and downregulated after late drought and rehydration; module
4, gene expression is upregulated only under high temperature, and
downregulated after high temperature stress. The color of the replicated
gene name corresponds to the color of the phylogenetic grouping.
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Fig. 10 Differential expression patterns of class III PRX genes in olive

oil in response to dry heat and waterlogging stresses
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