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Discovery and bioinformatics analysis of laccases in eight medicinal plants of Labiatae
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Abstract: Objective To provide useful information for the further study of Labiatae laccases through sequence comparison among
eight Labiatae medicinal plants. Methods Thirty-one full-length laccase genes were found from the transcriptome database of eight
medicinal plants of Labiatae by bioinformatics method and their characteristics were analyzed, including sequence homology,
physicochemical characteristics, signal peptides, target peptides, transmembrane helices, glycosylation and phosphorylation sites,
secondary structure and Cu-oxidase domains. Their evolutionary relationships and expression patterns were also analyzed. Results
The laccase genes of medicinal plants in Labiatae have typical laccase structures. Their molecular weight was about 62 000, and most
of them contain signal peptides. Random coils and extended strands are the main components of the secondary structure of laccases.
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The Labiatae laccases can be divided into seven subfamilies by constructing a phylogenetic tree with laccases of Arabidopsis

thaliana and Salvia miltiorrhiza. Conclusion The detailed analysis of laccase genes in medicinal plants of Labiatae in this study will

provide important information for further study of these genes as well as the regulation of the secondary metabolites of these

medicinal plants through laccase mutation.
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Table 1 Information and transcriptome assembly statistics of eight medicinal plants of Labiatae
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*This is Nepeta cataria L. and it is not the Chinese medicine recorded in Chinese pharmacopoeia. In Chinese Pharmacopoeia, it is Schizonepeta tenuifolia
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Table 2 Homologous comparison of laccases in eight medicinal plants of Labiatae
. R A
o oS i o iR S NCBI G5
o SCBA_c34991 g1 i1 SbLAC1 laccase-11 S. indicum 86.76  XP_011088411.1
SCBA 38519 g1 i2 SbLAC2 laccase-15-like S. indicum 75.05 XP_011074134.2
KRR PRVU_¢22335 g1 il PVLAC1 laccase 33 S. miltiorrhiza 76.05 QCZ35200.1
PRVU ¢36259 g1 il PVLAC2 laccase-11 S. indicum 83.93 XP_011088411.1
T NECA_c28200_g1_il NCLAC1 laccase 12 S. miltiorrhiza 91.38 QCZ35179.1
NECA 34554 g1 il NcLAC2 laccase-11 S. indicum 8291 XP_011088411.1
NECA 34853 gl il NcLAC3 laccase-17 S. indicum 81.69 XP_011089492.1
NECA ¢37729 g2 il NcLAC4 laccase 33 S. miltiorrhiza 80.84 QCZ35200.1
HIR PEFR_c41241_¢g1_il1 PfLAC1 laccase-11 S. indicum 86.20 XP_011088411.1
PEFR_c48465_gl_il PfLAC2 laccase 43 S. miltiorrhiza 85.74 QCZ35210.1
PEFR_c48259 gl _i2 PfLAC3 laccase-11 S. indicum 87.84 XP_011088411.1
A2 MESP_c29064 g1 i3 MsLAC1 laccase 33 S. miltiorrhiza 81.88 QCZ35200.1
MESP_c35889 g1_il MsLAC2 laccase 49 S. miltiorrhiza 66.90 QCZz35216.1
MESP_c45191 g1 il MsLAC3 laccase-17 S. indicum 85.50 XP_011077639.1
MESP_c45424 ¢5_il MsLAC4 laccase 49 S. miltiorrhiza 64.86 QCZ35216.1
JERE POCA c41418 g1_il PcLAC1 laccase-11 S. indicum 86.69 XP_011088411.1
POCA 41847 _g1_il1 PcLAC2 laccase-17 S. indicum 85.69 XP_011077639.1
POCA c44236_g1_i3 PcLAC3 laccase-4 S. indicum 86.71 XP_011077581.1
POCA _c44536_g1_il PcLAC4  laccase-15-like S. indicum 7271 XP_011074134.2
POCA ¢38521 g1_il1 PcLAC5 laccase-15-like S. indicum 80.74 XP_011074134.2
FEHET BB B SAHI_c28750 g5 _i8 ShLAC1 laccase 33 S. miltiorrhiza 8254 QCZ35200.1
SAHI_c30143 gl i1 ShLAC2 laccase 43 S. miltiorrhiza 87.99 QCZ35210.1
SAHI_c21258 g1 il ShLAC3 laccase-17 S. indicum 84.01 XP_011077639.1
SAHI_c30614 gl i1 ShLAC4 laccase 13 S. miltiorrhiza 68.59 QCZz35180.1
SAHI_c28162_g1 il ShLAC5 laccase-11 S. indicum 86.38 XP_011088411.1
HURSE SAOF_c18618 g1_il1 SoLAC1 laccase 33 S. miltiorrhiza 83.77 QCZ35200.1
SAOF_c25233 g1_i2 SoLAC2 laccase-11 S. indicum 83.81 XP_011088411.1
SAOF_c33810_g1_i1 SoLAC3 laccase 43 S. miltiorrhiza 91.63 QCZzZ35210.1
SAOF_c28870_g1_il1 SoLAC4  laccase-11 S. indicum 84.62 XP_011088411.1
SAOF_c30697_g1_il1 SoLAC5  laccase-17 S. indicum 78.58  XP_011089492.1
SAOF_c36352_g2_i3 SoLAC6 laccase 21 S. miltiorrhiza 68.84 QCZz35188.1
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Table 3 Composition and physicochemical character analysis of laccases in eight medicinal plants of Labiatae

R ARERBE MM TRE PIOARERE EFHRKE

B AL A BERR LA A 5 5k

5 A Rk

N-glyc O-glyc £ #HEAMK BER KE 22608
5

ShLAC1 563 62 540 8.06 35.25 —0.169 11 9 13 19 27 SEA-AV &
SbLAC?2 564 63 330 6.78  41.73 —0.203 13 10 22 13 10 23 ALA-RT &
PvLAC1 566 62 750 6.30 34.65 -0.119 14 13 16 20 12 26 SHA-TT &
PvLAC2 564 62 810 825 37.39 -0.111 10 5 9 17 7 28 VEA-VV &
NcLAC1 557 60 550 930 33.13 0.001 8 16 18 20 4 21 VHG-VWV &
NcLAC2 559 62 480 824  36.14 -0.175 9 11 16 18 6 24 VEA-EV &
NCcLAC3 573 62 720 9.27 28.79 —0.050 14 12 17 24 6 25 VTG-RT &
NcLAC4 565 62 960 6.03 33.77 —0.175 13 12 17 22 7 25 THA-TT 5
PfLAC1 559 62 360 732 38.38 —0.167 10 13 17 18 6 24 VEA-AV &
PfLAC2 561 61 380 925 3218 0.009 10 16 12 26 3 25 VQC-RV 5
PfLAC3 563 62 540 732 35.20 -0.116 11 6 11 16 7 27 ARA-AV &
MsLAC1 562 62 540 5.89  34.02 —0.151 14 12 21 23 9 22 THA-TT 5
MsLAC2 585 65 820 6.02  40.73 —0.220 7 10 18 17 8 23 VHA-KV &
MsLAC3 543 59 840 9.21  30.89 —0.050 15 11 13 22 7 %
MsLAC4 590 66 580 6.31 35.28 —0.224 5 8 16 22 7 26 VHA-LV &
PcLAC1 560 62 630 828 37.21 -0.175 10 6 16 15 6 24 AEA-EV &
PcLAC2 575 63 860 9.28  34.77 —0.145 14 11 16 22 5 28 AQA-ET &
PcLAC3 557 60910 9.00 33.38 —0.041 10 10 16 22 4 21 VES-RV g
PcLAC4 562 63010 6.65 34.88 —0.234 11 9 16 12 3 22 SHS-LV &
PcLACS 566 63 990 8.04 4434 —0.217 9 9 22 14 9 26 GYA-LV &
ShLAC1 560 62 530 6.16 36.41 —0.228 11 14 19 18 13 2 SHA-KT 5
ShLAC2 558 61170 925 30.84 —0.029 9 12 11 27 5 22 VES-RV &
ShLAC3 573 62 940 933 3571 —0.029 16 9 14 21 5 28 VEA-AT &
ShLAC4 577 65730 6.47  46.80 —0.196 7 5 21 16 8 26 VQA-LV &
ShLAC5 513 57 060 726  36.02 —0.180 9 12 15 19 5 %
SoLAC1 565 63 090 6.08  37.65 —0.245 14 21 21 24 12 26 THA-KT &
SoLAC2 559 62 390 801 3371 —0.169 11 8 14 20 7 24 VEA-AV &
SoLAC3 526 57 170 9.12 2881 —0.073 8 15 10 31 4 %
SoLAC4 563 62 750 8.58  35.46 —0.161 11 8 9 19 5 27 AKA-AV &
SoLAC5S 573 62 620 929 31.30 —0.058 16 15 23 20 7 24 VEG-RT &
SoLAC6 565 63 390 6.12 4213 —0.174 4 14 22 20 9 21 VDA-AV &
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Table 4 Proportion of main components in the secondary structure of laccases in eight medicinal plants of Labiatae

AR o-BRNE% BT E/% E(REE% TR | ZFR o-BRiE/% B-iTE/% IEMEE% TN /%
SbLAC1 15.28 6.75 28.95 49.02 PcLAC2 1357 6.43 28.35 51.65
SbLAC2 15.60 6.74 29.08 48.58 PcLAC3 1544 6.64 28.01 4991
PVLAC1 15.90 6.71 28.62 48.76 PcLAC4  16.90 6.58 27.22 49.29
PVLAC2 15.07 6.38 26.42 52.13 PcLAC5  16.78 6.54 28.45 48.23
NcLAC1 15.08 6.64 28.90 49.37 ShLAC1  15.89 7.50 28.57 48.04
NCcLAC2 15.38 6.26 28.80 49.55 ShLAC2  14.70 6.81 28.14 50.36
NCcLAC3 12.39 6.63 28.80 52.18 ShLAC3  13.79 6.11 27.23 52.88
NcLAC4 16.28 7.61 28.50 47.61 ShLAC4  15.42 6.93 28.08 49.57
PfLAC1 15.92 6.08 27.73 50.27 ShLAC5  11.50 7.02 28.65 52.83
PfLAC2 15.86 6.60 28.52 49.02 SoLAC1  17.17 6.55 28.85 47.43
PfLAC3 17.05 6.57 27.00 49.38 SoLAC2  14.13 8.23 28.98 48.66
MsLAC1 15.84 6.58 29.36 48.22 SoLAC3  11.98 8.17 28.14 51.71
MsLAC2 15.90 6.15 28.03 49.91 SoLAC4  16.70 6.93 28.06 48.31
MsLAC3 11.97 6.26 29.47 52.30 SoLAC5  14.49 7.68 28.62 49.21
MsLAC4 17.12 5.76 26.95 50.17 SoLAC6  14.87 7.26 28.14 49.73
PcLAC1 15.54 6.43 27.32 50.71
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Fig. 1 Sequence logo of Cu-oxidase domains of the laccase proteins in eight medicinal plants of Labiatae
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Fig. 2 NJ phylogenetic tree of laccases among nine medicinal plants of Labiatae and A. thaliana
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