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Identification and Bioinformatics Analysis of CYP71 Gene Family of Diploid Perilla frutescens
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[Abstract] Objective: CYP7I gene family is one of the CYP7I clans belonging to cytochrome P450,
which plays an important role in secondary metabolites, especially terpenoid biosynthesis. To understand the
characteristics of CYP7/ family of diploid Perilla frutescens and predict its function, this study identified and
systematically analyzed the family by bioinformatics. Method: On the basis of the whole genome of diploid
P. frutescens PC99, the conserved domains of CYP7] family of diploid P. frutescens were screened, and the
sequence characteristics, gene structure, chromosome location, phylogeny and cis-acting elements were
analyzed by National Center for Biotechnology Information (NCBI), TBtools, MEME, Molecular Evolutionary
Genetics Analysis (MEGA ) , Cytoscape and other tools. Result: A total of 68 CYP7] genes were identified
from diploid P. frutescens, which were unevenly distributed on 34 chromosomes and belonged to two

subfamilies. They encoded 481-530 amino acids and contained 10 conserved motifs, with the isoelectric point of
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5.70-9.03 and the molecular weight of 54 217.07-60 031.79 Da. The enrichment analysis and functional

annotation analysis revealed 11 enriched pathways and 114 categories, and the genes were mainly annotated in

biological processes. There were many cis-acting elements in the promoter region of CYP7/, mainly light-

responsive and methyl jasmonate-responsive elements. Protein-protein interaction analysis indicated that CYP71

protein had multiple functions such as terpene cyclase activity. Conclusion: This study lays a foundation for the

functional study of CYP7] family, and provides a reference for the biosynthesis of monoterpenes in P. frutescens

and the directional cultivation of excellent varieties.
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Table 1 Basic information of CYP71 gene family of diploid perilla frutescens

W4 S 5 BRIy g WABT O ARE RPN
R FRDa RN Sk

PfICYP71-1 rna-gnl|WGS:SDAM|PC99 00088 00201294 00204085.mrnal 509 8.04 58 600.78 38.48 -0.241 40 iR
PfICYP71-2 rna-gnl|WGS:SDAM|PC99_00088_00007673_00009299.mrnal 505 7.65 57 218.16 47.20 —-0.132 4 g 5t
PfICYP71-3  tna-gnlWGS:SDAM[PC99 00873 00140403 00141978.mrnal 496 6.61 56579.56  34.58  —-0.138 Zhkifk
PfICYP71-4 tna-gnlWGS:SDAM[PC99 00873 00293285 00294907.mrnal 494 7.11 5619852 3414  —-0.040 ZEifk
PfICYP71-5 rna-gnl|WGS:SDAM|PC99_00873_00287764_00289337.mrnal 492 7.80 55986.49 33.98 -0.048 Zkifk
PICYP71-6 rma-gnl|WGS:SDAM|PC99 00873 00275214 00276805.mmal 494 6.90 5655473 32.51  -0.141 bRk
PICYP71-7 rtma-gnl|WGS:SDAM|PC99 00953 00476203 00477781.mmal 501 8.86 56573.82 4040  -0.148 Zhkifk
PfICYP71-8 1na-gnl|WGS:SDAM|PC99 00953 00466825 00473077.mrnal 503 8.84 56 678.09 42.93 —-0.088 4 it JiKE
PfICYP71-9 1na-gnl|WGS:SDAM|PC99 00403 00228801 00232627.mrnal 526 8.69 59 827.38 38.60 -0.168 2 it Ji5E
PfICYP71-10 rtna-gnl]WGS:SDAM[PC99 00084 00149221 00150813.mrnal 503 8.64 5704138 42.67  -0.188 Mk
PfICYP71-11 na-gnl[WGS:SDAM[PC99 00085 00585895 00587491.mrmal 506 8.82 5741238 3175 -0.116 Zkilk
PfICYP71-12 rna-gnl|WGS:SDAM/|PC99 00085 00527297 00528913.mrnal 508 8.45 57 450.30 37.44 -0.146 LRk
PfICYP71-13 rna-gnllWGS:SDAM|PC99 00085 00691809 00693472.mrnal 509 6.49 57 993.53 43.40 —-0.048 2 i Ji5E
PfICYP71-14 1na-gnl|WGS:SDAM|PC99 00228 00925133 00926727.mrnal 498 6.99 56 869.30 35.64 -0.137  ZH
PfICYP71-15 rna-gnl|[WGS:SDAMIPC99 00228 00838063 00839642.mrnal 499 7.67 56 529.09 40.86 -0.083 41 iR
PfICYP71-16 rna-gnl|[WGS:SDAMIPC99 00228 00768704 00770317.mrnal 500 8.50 56 636.29 40.14 -0.072 20
PfICYP71-17 ra-gnllWGS:SDAM|PC99 00228 00811853 00815371.mmal 491 6.79 5565090  42.04  -0.041 KL
PfICYP71-18 rna-gnl|WGS:SDAMIPC99 04167_00088331_00089894.mrnal 491 5.70 55 687.28 44 .83 —-0.102 4 fif JisE
PfICYP71-19 ra-gnl]WGS:SDAM|PC99 01760 00503590 _00505156.mmal 492 8.16 55952.06  39.83  -0.088 hkilk
PfICYP71-20 rna-gnl|WGS:SDAM|PC99 01760 00511334 00512943.mmal 498 8.70 56435.67 4529  -0.138 bkilk
PfICYP71-21 tna-gnl|WGS:SDAM|PC99 00326 00319209 00320874.mrmal 490 7.09 5574112 42.13  0.019 ZuJIf
PfICYP71-22 ta-gnllWGS:SDAM|PC99 00364 01027994 01029953.mrnal 481 8.37 54217.07 3569  -0.090 0%k
PfICYP71-23 a-gnl]WGS:SDAM|PC99 00319 00288398 00290319.mrnal 507 6.02 57084.85  43.06  -0.096 4Ll
PfICYP71-24 ta-gnl]WGS:SDAM|PC99 00319 00190877 00192937.mrnal 506 7.67 57594.89 4373 -0.168 i
PfICYP71-25 ta-gnl]WGS:SDAM|PC99 00319 00236616 00238283.mral 517 6.36 5844560  38.58  —0.096 i
PfICYP71-26 rna-gnl|WGS:SDAM|[PC99 00319 00387954 _00390583.mrnal 497 6.49 56 361.23 47.28 -0.070 41 g Ji5E
PfICYP71-27 rna-gnl|WGS:SDAM|PC99_00319_00234683_00236303.mrnal 502 8.29 56 997.39 36.27 -0.046 M4k
PfICYP71-28 rna-gnl|WGS:SDAM|PC99_00319_00339995_00341596.mrnal 497 6.96 56 552.91 31.21 —-0.040 4
PfICYP71-29 rna-gnl|WGS:SDAM|[PC99_ 00843 00425212 00427036.mrnal 511 5.87 57 380.44 45.26 -0.057 4R
PfICYP71-30 tna-gnl|WGS:SDAM|PC99_00610_00164718_00166696.mmal 499 6.45 56236.18 3895 -0.059 i
PfICYP71-31 rna-gnllWGS:SDAM|PC99 00610 00088893 00092558.mrnal 517 6.12 57921.78 42.79 -0.115 4 i
PfICYP71-32 rna-gnllWGS:SDAM|PC99 00746 00464746 00467539.mrnal 527 8.86 60 031.79 50.84 —-0.185 4l Jitg Jj5t
PfICYP71-33 tna-gnl]WGS:SDAM[PC99 06499 00090172 00093131.mmal 506 8.55 57227.64 3809  —-0.069 MLk{k
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BHEA JFi fit/Da FEC Rk N
PfICYP71-34 rta-gnl|WGS:SDAM|PC99_00872_00279346_00281994.mrnal 499 6.18 56 572.69 4496  -0.134 gk
PfICYP71-35 rna-gnl|WGS:SDAM|PC99_00431_00481379_00483710.mrnal 530 5.97 59 905.03 40.15  -0.173 Zkilk
PfICYP71-36 rtna-gnl|WGS:SDAM|PC99_01149_00263580_00265878.mrnal 508 8.82 57 024.33 4296  -0.066 Mgk
PfICYP71-37 rna-gnl|WGS:SDAM|[PC99_01092_00645080_00646900.mrnal 493 8.50 56362.27 38.53  -0.187 ZRHiik
PfICYP71-38 rtna-gnllWGS:SDAM|PC99_00675_00365931_00368061.mrnal 510 6.72 57 085.33 38.45  -0.064 4R
PfICYP71-39 rna-gnllWGS:SDAM|PC99_00675_00385811_00387871.mrnal 506 6.45 57005.06  41.49  -0.093 4k
PfICYP71-40 rna-gnl|WGS:SDAM|PC99_00676_00265486_00268281.mrnal 495 6.21 56 712.24 38.01  -0.048 A%
PfICYP71-41 rna-gnl|WGS:SDAM|PC99_00227_00712137_00714303.mrnal 506 6.69 57276.89 4457 -0.025 4l )R
PfICYP71-42 tna-gnl|WGS:SDAM[PC99 00227 00722538 00726108.mrnal 510 7.15 57 705.93 3992 -0.140 nZRik
PfICYP71-43 rna-gnl|WGS:SDAM[PC99_00640_00400976_00404711.mrnal 502 9.03 57 049.07 33.52 -0.141 ZRkiik
PfICYP71-44 tna-gnl|WGS:SDAMI|PC99_00815_00156466_00159141.mrnal 502 8.79 57 315.58 41.07  -0.079 4R
PfICYP71-45 rna-gnl|WGS:SDAM|[PC99_00347_02016901_02018493.mrnal 499 6.84 56 053.44  47.57  -0.025 kKl
PfICYP71-46 tna-gnl|WGS:SDAM|PC99_01047_00110664_00112988.mrnal 517 6.59 57 904.18 3226 -0.042 AT
PfICYP71-47 rna-gnl|WGS:SDAM[PC99_01046_00108443_00111023.mrnal 498 5.93 56 134.44 4648  -0.024 Lk
PfICYP71-48 tna-gnl|WGS:SDAM|PC99_01046_00119077_00121556.mrnal 498 7.53 56651.14  43.48  -0.060 Zkilk
PfICYP71-49 rna-gnl|WGS:SDAM[PC99_01045_00168143_00170915.mrnal 506 8.88 57297.12 31.86  -0.010 4Ll
PfICYP71-50 tna-gnllWGS:SDAM[PC99 01045_00229505_00231560.mrnal 499 8.72 57 008.58 3246 -0.110 n&ik
PfICYP71-51 rna-gnl|WGS:SDAM|[PC99_01045_00285470_00288308.mrnal 499 7.57 57191.76  44.64  -0.116 &k
PfICYP71-52 tna-gnllWGS:SDAMI|PC99_00557_00653329_00655931.mrnal 499 7.66 56 946.99 38.61  —0.103  ZHJfa B
PfICYP71-53 rna-gnl|WGS:SDAM|[PC99_00557_00940452_00942316.mrnal 497 8.35 56 799.61 4235 -0.137 4K
PfICYP71-54 tna-gnl|lWGS:SDAM[PC99_01165_00267858_00269566.mrnal 501 6.08 5632120  47.28 0.001 41 i i
PfICYP71-55 rna-gnllWGS:SDAM|PC99_00611_00085492_00088908.mrnal 510 6.50 57549.54  49.64  -0.105 MLk
PfICYP71-56 tna-gnllWGS:SDAM[PC99 00611_00123290_00125360.mrnal 506 6.20 57 045.84 47.97  -0.162 Mgk
PfICYP71-57 rna-gnllWGS:SDAM|PC99_00611_00029423_00031938.mrnal 494 6.45 55618.39 36.70  -0.079 4R
PfICYP71-58 tna-gnllWGS:SDAMI|PC99_00611_00072075_00073835.mrnal 504 6.17 57232.13 4429 -0.190  4fJfa 5
PfICYP71-59 rna-gnl|WGS:SDAM|PC99_00923_00191170_00192782.mrnal 511 591 57 669.64 4270  -0.079 IR
PfICYP71-60 rna-gnl|lWGS:SDAM|PC99 01118 00216449 00218024.mrnal 493 7.68 55 768.62 40.69  -0.102 4 Jifa i
PfICYP71-61 rna-gnl|WGS:SDAM[PC99_01118_00231118_00232931.mrnal 509 7.20 57 715.77 37.55  -0.079 4R
PfICYP71-62 tna-gnl|WGS:SDAM|PC99_05382_00013811_00015953.mrnal 505 8.35 57 640.12 4044  -0.231 UM%
PfICYP71-63 rna-gnl|WGS:SDAM|[PC99_08617_00021406_00024577.mrnal 502 8.73 56 364.37 33.87  -0.081 Zkifk
PfICYP71-64 tna-gnllWGS:SDAMI|PC99_00376_00389164_00390795.mrnal 515 8.64 58984.00  46.07  -0.159 4
PfICYP71-65 rna-gnl|WGS:SDAM|PC99_00496_00336811_00339576.mrnal 500 8.66 56 412.73 48.02 -0.122 hilk
PfICYP71-66 tna-gnl|WGS:SDAM|PC99_00543_01144679_01146506.mrnal 492 9.01 55297.34 53.53  -0.122  Zkifk
PfICYP71-67 rna-gnl|WGS:SDAM[PC99_00671_00073276_00074958. mrnal 499 8.65 56 610.11 4415 -0.043 Zhilk
PfICYP71-68 tna-gnl[WGS:SDAM|PC99_02078_00246032_00247622.mrnal 493 7.66 56258.12 4552 -0.198 Zhilk

2.2

hT R AR

TARRE TR CYPTI SR KGR G KA T
FLEE I CYP71 3 R &% vk

kb

EIN

CYP71 &N Rk £ H 4 TIA(L 67K ) f1 71B
(LR 24505 AR R 1R R Gk & W] L

& il 1 MEGA-X 8EXF Z A% K 25 95 68 4~ il

PR IT 48N R AFIMENI RELEM, WHE 1,

RYGKRE RFR R AR LT8R R I 3L 116 4>

CYP71 3Bl 70 A 10 A~ dE 4k 32 ot T 8l J7
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16 1~ PAICYP71 KA G I J& T AT A S K o, 42
AALREH B T AN R K R W CYP A, L $E
CYP99A1 .CYP83BI .CYP84A1 %52,
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=
e
e
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o

E1 ZHEEEH(ZEFEOMUBEFT(REFE)CYP/IEBRKEK
REREW
Fig. 1 Phylogenetic tree of CYP71 gene family of diploid perilla

frutescens (black) and Arabidopsis thaliana (colored)
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B, UL 2. 38 3k MEME 3 78 26 2 #r , 10000 68 A4~
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50 NG KL , 45 iF NCBI-CDD %04 2 1 B Js R 90,
Bk T motif7 Z Ab, FAth 39 V8 B Sl CYP450 25 F 4k .
HRHE R 2 WL AT DL H motif 22 ] 9 HE 51 B —5E
B L | 8 T %8 52 1 68 > 5 IR &5 CYP71 3N
¥ fF FE  motif7-motif2-motif3-motif8-motif5-
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1 4~ motif7, PfICYP71-34 /0 T 1 4 motif9,
PfICYP71-55/0 7 14> motif3 fU Bl 4 . X Bb4h &
B 5 AR 2 95 CYP71 5 R 5% i B3 78 JF 51) i 2 g
AT REVAT W Y 22 5 (HR B 2~3 A R R i B
PR ST JE P R B0 i I 42, 1 W 3 DX K A g Ak
o R ] BE A AE LSRRI 22 5

R Tk — 20 Ay B AR IR EE DR CYP71 R Z W]

21, o) PR o EimiebbosFll
24 L LA b A1SechEd L P
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Fig. 2 Ten conserved motifs of CYP71 proteins in diploid perilla

bits

frutescens

MHEL DGR T AR RS 8 CYP71 i KL TR 4
Bl LI 3. S50 WoR , ARS8 CYP71 K4 K
WA A -1 TN EFHEKEAS -, LA
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B N B R B AR ] I [] — 2 Ak S b DR 25 4
Kb o# ML, et PfICYP71-3. PfICYP71-6.
PfICYP71-19.  PfICYP71-20.  PfICYP71-16.,
PAICYP7I-15HEA 20 B FRIADH & T

2.4 TAFIREIR CYP7I RN ) KEGG Al GO & £
S8 FIFH EGGNOG-mapper W 35 5 17 T 58 1 B 5
il if TBtools 8 #E 47 & 4R 43 B Fl v AL AR I, DL
38 g RBRE A RE o &5 B R 68 A A% K 5 U
CYP71 A KEGG #t & £ 3 11 4> i B% , 6 45
CYP450 Jifg . i A5 29 0 2B W06 1 H A vk AR
WA A R SR AR A i 2SR = s
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Py 0B 25 A0 A A A R AR A L rh e
£ 3 CYPA450 iy A 11 R M5 AR L Brite J2 IR 4544 1)
IR fe 2 4 364>, T A 3] 2 25 R Q3 17 5 TR
L HA 64, 113 i TBtools ¥ GO & £ 40 #7455 it
fral AL AR ), 68 4~ CYP71 H& R SE 7 B 31 114 4
25 (GO Terms) , Ho 4 & 5 101 4> T T fig . 11 Wi 40
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Fig.3 Gene structure and motif analysis of CYP71 family in diploid perilla frutescens
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Fig. 4 Chromosome location of CYP71 family members of diploid perilla frutescens
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Fig. 5 Collinearity analysis of diploid perilla frutescens (bottom) and Arabidopsis thaliana (top)
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