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Abstract: Twenty-five candidate MLO genes of Lonicera japonica were obtained by whole genome sequencing.
Bioinformatics analysis showed that the number of amino acids in the protein family ranged from 137 to 846, the
theoretical isoelectric point ranged from 5.02 to 9.50, and it was rich in basic amino acids. One protein did not
contain transmembrane domain, and the other proteins ranged from 3 to 10. The results of subcellular localization
showed that 21 proteins were located on the cell membrane and 1 protein was located on the chloroplast. Phylogenetic
trees were constructed from 133 MLO proteins of Lonicera japonica, Triticum aestivum, Arabidopsis thaliana,
Solanum lycopersicum, Nicotiana tabacum, Nicotiana sylvestris and Nicotiana tomentosiformis. The results indicated
that MLO family proteins of Lonicera japonica could be divided into five subgroups. Tissue specific analysis
showed that the expression of MLO genes in Lonicera japonica had obvious tissue specificity. Among them, 8
genes were highly expressed in leaves, 2 genes in stems and 2 genes in flowers. Four genes were significantly
upregulated after inoculation with powdery mildew, among which MLO14 increased the most, which was more
than 2 000 times higher than that of the control. In this study, the composition and expression of the MLO gene
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related to the occurrence of powdery mildew of Lonicera japonica were preliminarily analyzed, which laid a
foundation for the further use of MLO as a target gene to develop new germplasm resistant to powdery mildew of

Lonicera japonica.
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Table 1  Primer sequence for real-time PCR

Primer - Annealing
Primer sequence (5' to 3") temperature
name oC
Actin-F GGATGCTTATGTCGGTGATGAAG 57.77
Actin-R  TGTTGGCTTTAGGGTTGAGAGG 57.67
MLO1-F  TGTAGTAGGAATCAGCCCAGTAATC 57.94
MLO1-R AAACAGAACAAAGTGGATGAGGTAG 56.30
MLO2-F  ATCGGAGCCATTCTTGTTCAAC 55.81
MLO2-R TGTCACCGCCAGCACTATTC 57.45
MLO3-F  GAGGGTATGGGAAGATGAGGAC 59.54
MLO3-R ATTGCGGAGTGTAAGGTAATCAG 55.99
MLO4-F  GCTCGCTTTCTTCGTTTGGG 57.45
MLO4-R CCGTGTAGTTGACAATGAATTATCG 56.30
MLO6-F GCCAAGAAACACATCAAACAGAAC 56.15
MLO6-R CCACCAACACCACCACCTC 59.48
MLO7-F GCGAGAGAGGTAGTACAGAAGAG 59.55
MLO7-R CTGGGTAACAAGAGCATACAAAGG 57.86
MLO8-F CCGTTCATGTGGTTCCTTGTC 57.57
MLO8-R CGCATTCATAAAGAGTGTGTAGTG 56.15
MLO9-F GATTACAGCACAGAGGAGCATATTC 57.94
MLO9-R GCCAAGAACGAACAAGAACCG 57.57
MLO10-F TCTCTGTTCTCACCGTTGTATTTG 56.15
MLO10-R CAAGCAGCAGCATAATGAATCC 55.81
MLO11-F GTTCTTCACCTTATCCACTTCGC 57.77
MLO11-R TTCCTACTTGCTTCTTCTTCACAG 56.15
MLO12-F CTACAAAGCGGCACTAATTCCAG 57.77
MLO12-R ACCAGCGAAGACACAGAAGC 57.45
MLO13-F CGATGGACGACAATGATGATGATG 57.86
MLO13-R GGACGAGGAGAAAGTGGAACC 59.52
MLO14-F ACAAGACGCCGACTGCTAC 57.32
MLO14-R CTTCTCAACATTGGACCGATGG 57.67
MLO15-F GTGAAAGAAGAGTTGATGCTGTTAG 56.30
MLO15-R AAGTGCCGATAATGGGAAGTTG 55.81
MLO16-F TGGCAAGAGAAGTAGTGGAGAAG 57.77
MLO16-R AAGAGCGTACAGTGGTAAGGTG 57.67
MLO17-F TCATCAACCATCAACTCATCTGC 55.99
MLO17-R CGCTCGTCTCATTATCCGTATC 57.67
MLO18-F GATGGCTCAACAAATACAAGACAG 56.15
MLO18-R AAGGCGTAGAGAGGGAAAGTG 57.57
MLO19-F AGCAGAGCCAGAACATCACC 57.45
MLO19-R ACCTTTAATCTCCCAAGCATCATC 56.15
MLO20-F GACCTGCATTGGTGCTAGCAAG 55.71
MLO20-R GGCTAAGCTTGCAGTGGCATCG 56.62
MLO21-F GGAAGAAACCAAATGCGAAGAAC 55.99
MLO21-R CCCGAATGATGTTTGATGAATTAGC 56.30
MLO22-F TCATCAACCATCAACTCATCTGC 55.99
MLO22-R CGCTCGTCTCATTATCCGTATC 57.67
MLO25-F GAGAAGGGTGAGGTGGTGAAG 59.52
MLO25-R TGTGTTACAAGGGCATAGAGAGG 57.77
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Table 2 The prediction of physicochemical properties of MLO proteins in Lonicera japonica
Name Nu-mber 9f Mo_lecular Isoeléctrlc |ns_tab|||ty A!lphatlc Hyc_!rophlllc Subcellular localization M?mbrane .
amino acids  weight/Da point index index index spaning domain
MLO1 343 38809.69 8.60 49.60 95.51 -0.087 Cell membrane 3
MLO2 484 55213.98 9.04 40.31 96.03 -0.014 Cell membrane 5
MLO3 546 62 386.99 8.88 46.69 93.02 0.034 Cell membrane 7
MLO4 484 54 924.49 9.28 46.68 92.42 -0.052 Cell membrane 6
MLO5 137 14 251.83 5.45 32.71 66.20 -0.278 Nucleus 1
MLO6 346 39615.88 9.46 57.66 82.80 -0.144 Cell membrane 4
MLO7 506 58 599.53 8.50 45.72 102.61 0.117 Cell membrane 7
MLO8 360 41351.71 9.67 34.94 99.39 0.171 Cell membrane 5
MLO9 511 57 863.03 6.47 39.4 97.83 0.114 Cell membrane 6
MLO10 374 41992.23 9.09 38.68 107.86 0.264 Cell membrane 5
MLO11 421 47 215.65 8.88 34.08 93.35 0.086 Cell membrane 6
MLO12 426 48 215.15 9.78 49.10 94.04 0.058 Cell membrane 5
MLO13 595 68 270.31 6.86 46.26 98.91 0.103 Cell membrane 6
MLO14 846 96 798.10 8.82 48.30 99.34 0.108 Cell membrane 10
MLO15 489 56 302.25 8.89 37.61 107.79 0.23 Cell membrane 7
MLO16 483 55 784.39 8.87 42.22 101.49 0.204 Cell membrane 6
MLO17 457 51 835.99 8.90 41.06 89.65 0.021 Cell membrane 6
MLO18 482 54 996.90 9.66 3141 100.75 0.226 Cell membrane 7
MLO19 382 42 830.44 8.23 36.38 88.87 -0.19 Cell membrane, chloroplast 5
MLO20 275 31193.18 8.73 41.93 86.51 -0.052 Cell membrane, chloroplast, 3
mitochondrion, nucleus, vacuole
MLO21 412 47 744.57 9.30 47.48 89.42 -0.074 Cell membrane 4
MLO22 418 47 363.58 8.58 40.35 86.60 -0.093 Cell membrane, chloroplast 5
MLO23 518 58 780.95 5.02 32.98 82.49 -0.196 Cell membrane, chloroplast, 0
cytoplasm
MLO24 160 17 618.39 5.95 48.77 94.50 0.065 Chloroplast 2
MLO25 348 40 325.87 9.64 63.51 86.21 -0.139 Cell membrane 4
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Figure 1 The alignment of MLO sequences in Lonicera japonica. (Red background homology > 75%, the blue background said
homology > 50%, the red line boxes represent conservative amino acid sites, TM said transmembrane domain structure, the blue line box
said peptide structure domainl, the yellow line said peptide structure domain II)
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Figure 2 The analysis of motif composition of MLO proteins in Figure 4 The phylogenetic tree of MLO proteins. A represents

the MLO protein in honeysuckle, and I, II, III, IV and V represent
the different branches of MLO proteins

Lonicera japonica

Table 3 The amount of MLO proteins in different species

Protein number

The name of the species ~ Sum

1 11 11 v \
Lonicera japonica 25 4 6 5 5 5
Nicotiana sylvestris 15 3 5 3 2 2
Nicotiana tabacum 29 6 10 5 4 3
Nicotiana tomentosiformis 15 3 4 3 2 2
Solanum lycopersicum 23 4 3 10 3 3
Triticum aestivumL. 4 0 1 0 3 0
Arabidopsis thaliana 22 4 5 5 1 7
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Figure 5 Melt diagram. The red curve shows the melting curve
of MLO20
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Figure 3 The analysis of amino acid sequences of the conserved R

motif blocks in Lonicera japonica. (This figure shows the motif g

sequence information in Figure 2. The height of the letter repre- MLO i [] J& — 88 Bk [R] 42 ] 0 R Ak 095 6% A
sents the conservatism of the amino acid; the higher the conserva- MLO RAF R B AT X ok 18 ) 1% s AL FF A E‘Jf‘ﬁ o
tism, the greater the conservatism.) AW FEAE 5 AR AE 42 5 D200 e 1) itk L, e 5 T
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Figure 6 The relative expression levels of MLO genes in different tissues of Lonicera japonica. The relative expression level was calculated

according to 27**° method, P < 0.05
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Figure 7 The relative expression levels of MLO genes in Lonicera japonica after powdery mildew inoculation. The relative gene expres-

sion was calculated by 27*°7
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