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Identification of Plant Resistance Gene with Random Forest
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Abstract: The traditional homology sequence alignment based approaches usually have high false positive rate and
consequently new resistance genes are difficult to be identified. This paper presents a resistance gene identification
approach by applying random forest classifier and K-Means under-sampling method. In order to solve the aimless
problem in gene-mining research, two main contributions are provided. Firstly, it introduces random forest and 188
dimension features to identify resistance genes, accordingly the sample statistic learning approach can efficiently
capture the internal characteristic of resistance genes. Secondly, it selects a more representative training subset and
reduces the identification errors for solving the serious imbalanced classification during the training process. The
experimental results indicate that the approach can efficiently identify the resistance genes, not only precisely clas-
sifying the existing experimental verified data, but also obtaining high accuracy on the negative sample dataset.
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n1x100.00/(n1+n,)=53.33  nyx +10 807 )
100.00/(12,+n,)=46.67 A E E A 3.2 K-Means
15 T (15/29)x100.00=51.72 ,
D , , 1 25% , ,
50% 75% 100%
1 5 12 20 ,
29 D , ,

1/30x100.00=3.33, 5/30x100.00=16.67, 12/30x100.00=
40.0, 20/30x100.00=66.6, 29/30x100.00=96.67
6.67,26.67,60.0,76.67,100.0 )

[19]

Sequence AEAAAEAEEAAAAAEAEEEAAEEAEEEAAE
Sequence index 1 5 10 15 20 25 30
A/E Transitions [ | I . L0 [
Index of A I 234 5 67 §910 11 1213 14 1516
Index of B 1 2 34 5 678 910 111213 /4
Fig.1 The sequence of a hypothetical protein to illustrate derivation of the feature vector of a protein
1
Table 1 Characteristic descriptions of Ascl
1 Ascl
6.17 1.30 6.17 4.87 9.74 3.90 2.28 8.44 6.49 12.66 2.28
2.60 1.95 1.30 4.87 6.17 3.90 7.14 2.60 5.20
2630 29.55 44.15 1498 19.86 26.71 0.65 20.78 3993 80.20 100.00
1.95 31.17 5032 67.86 9935 032 2597 5357 7532 96.10
49.35 22.08 28.57 20.19 2443 11.73 032 2727 5259 75.00 96.10
2.60 29.87 4838 6623 9805 0.65 2143 48.05 80.84 100.00
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Table 2 Plant resistance genes identified with indication of donor species, related disease and pathogen

2

EFR
ER-Erecta
FLS2
HRT
PEPR1
RCY1
RFOl1
RPM1
RPP13nd
RPP4
RPP5
RPP8
RPS2
RPS4
RPS5
RPW38.1
RPWS8.2
RSS1
RTM1
RTM2
Hsl1

Bs3
Bs3-E
Bs2

Atl

At2
Rmd-c
Rpsl-k-1
Rps1-k-2
MLA10
Mlo
RPG1
Dm-3

L6

M

P2

N

Pi33

Xal
Xa2l
Pi-ta
PGIP
Rx2
Rpi-blbl
Rpi-blb2
R1

Cf4

Arabidopsis thaliana
Arabidopsis thaliana
Arabidopsis thaliana
Arabidopsis thaliana
Arabidopsis thaliana
Arabidopsis thaliana
Arabidopsis thaliana
Arabidopsis thaliana
Arabidopsis thaliana
Arabidopsis thaliana
Arabidopsis thaliana
Arabidopsis thaliana
Arabidopsis thaliana
Arabidopsis thaliana
Arabidopsis thaliana
Arabidopsis thaliana
Arabidopsis thaliana
Arabidopsis thaliana
Arabidopsis thaliana
Arabidopsis thaliana
Beta procumbens
Capsicum annuum
Capsicum annuum
Capsicum chacoense
Cucumis melo
Cucumis melo
Glycine max
Glycine max
Glycine max
Hordeum vulgare
Hordeum vulgare
Hordeum vulgare
Lactica sativa
Linum usitatissimum
Linum usitatissimum
Linum usitatissimum
Nicotiana glutinosa
Oryza sativa

Oryza sativa

Oryza sativa Indica group
Oryza sativa Japonica group
Phaseolus vulgaris
Solanum acaule
Solanum bulbocastanum
Solanum bulbocastanum
Solanum demissum

Solanum habrochaites

Eliciting bacteria
Bacterial wilt

Eliciting bacteria
Turnip crinkle virus
Damping off

Cucumber mosaic virus
Fusarium wilt

Bacterial blight

Downy mildew

Downy mildew

Downy mildew

Downy mildew
Bacterial blight
Bacterial blight
Bacterial blight
Powdery mildew
Powdery mildew
Bacterial wilt
Synergistic disease syndromes
Synergistic disease syndromes
Beet cyst nematode
Bacterial spot

Bacterial spot

Bacterial spot

Cucurbit downy mildew
Cucurbit downy mildew
Powdery mildew
Phytophthora root
Phytophthora root
Powdery mildew(barley)
Powdery mildew(barley)
Stem rust

Downy mildew

Flax rust

Flax rust

Flax rust

Tobacco mosaic virus
Rice blast disease
Bacterial blight
Bacterial blight

Rice blast disease
Eliciting fungus

Latent mosaic

Late blight tomato

Late blight tomato

Late blight tomato

Leaf mould

Bacteria with flagellum
Ralstonia solanacearum
Bacteria with flagellum
Turnip crinkle virus
Pythium

Cucumber mosaic virus
Fusarium oxysporum
Pseudomonas syringae
Hyaloperonospora parasitica
Peronospora parasitica
Hyaloperonospora parasitica
Hyaloperonospora parasitica
Pseudomonas syringae
Pseudomonas syringae
Pseudomonas syringae
Golovinomyces cichoracearum
Golovinomyces cichoracearum
Ralstonia solanacearum
Tobacco etch virus

Tobacco etch virus
Heterodera schachtii
Xanthomonas campestris pv.
Xanthomonas campestris pv.
Xanthomonas campestris pv.
Pseudoperonospora cubensis
Pseudoperonospora cubensis
Microsphaera sparsa
Phytophthora sojae
Phytophthora sojae
Blumeria graminis

Blumeria graminis

Puccinia graminis

Bremia lactucae
Melampsora lini
Melampsora lini
Melampsora lini

Tobacco mosaic virus
Magnaporthe grisea
Xanthomonas oryzae
Xanthomonas oryzae
Magnaporthe grisea

Fungus producing polygalaturonases

Potato virus X
Phytophthora infestans
Phytophthora infestans
Phytophthora infestans
Passalora fulva
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2
Cf4A Solanum habrochaites Leaf mould Passalora fulva
Ascl Solanum lycopersicum Alternaria alternate Alternaria alternate
Bs4 Solanum lycopersicum Bacterial spot Xanthomonas campestris
Hero Solanum lycopersicum Yellow potato cyst nematode  Globodera
12 Solanum lycopersicum Fusarium wilt Fusarium oxysporum
LeEIX1 Solanum lycopersicum Eliciting fungus Fungal ethylene-inducing xylanase
LeEIX2 Solanum lycopersicum Eliciting fungus Fungal ethylene-inducing xylanase
Mil.2 Solanum lycopersicum Root-knot nematode Meloidogyne Paratrichodorus minor
Sw5 Solanum lycopersicum Tomato spotted wilt Tomato spotted wilt virus
Tm2 Solanum lycopersicum Tobacco mosaic virus Tobacco mosaic virus
Tm2a Solanum lycopersicum Tobacco mosaic virus Tobacco mosaic virus
Vel Solanum lycopersicum Verticillium wilt potato Verticillium
Ve2 Solanum lycopersicum Verticillium wilt potato Verticillium
Cf5 Solanum lycopersicum var.Cerasiforme Leaf mould Passalora fulva
Cf2 Solanum pimpinellifolium Leaf mould Passalora fulva
Prf Solanum pimpinellifolium Bacterial speck Pseudomonas syringae
Pto Solanum pimpinellifolium Bacterial speck Pseudomonas syringae
Cf9 Solanum pimpinellifolium Leaf mould Passalora fulva
Cf9B Solanum pimpinellifolium Leaf mould Passalora fulva
Gpa2 Solanum tuberosum Yellow potato cyst nematode  Globodera
Grol.4 Solanum tuberosum Late blight potato Phytophthora infestans
R3a Solanum tuberosum Late blight tomato Phytophthora infestans
Rx Solanum tuberosum Latent mosaic Potato virus X
RY1 Solanum tuberosum subsp andigena Potato virus Y Potato virus Y
Hml1 Zea mays Leaf spot Bipolaris zeicola
Hm2 Zea mays Leaf spot Bipolaris zeicola
Table 3 Performance comparison of two under-sampling methods using random forest
3
/(%)
SN SP Gm
( ) 333 333 79.43 81.86 80.64
K-Means ( ) 333 333 95.61 98.15 96.87
3 666 ,
R 333, 333 s 73 10 474
K-Means 1 ’ SN
TPrate TNrate ACC
, 4
TP
, , TPrate = ———— (14)
TP + FP
TN
TNrate = (15)

TN + FN
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Table 4 Performance comparison of two
classifiers on test dataset

4
/(%)
TPrate ACC
85.89
73 10474 80.47
80.43
100.00
K-Means 73 10 474 88.63
88.57
TP+ FN
ACC = (16)
TP+ FP+TN + FN
4 )
73 (
5) ) 9

Table 5 Classification results of resistance genes

5
R-gene
Arabidopsis thaliana 20 correct
Beta procumbens 1 correct
Capsicum annuum 2 correct
Capsicum chacoense 1 correct
Cucumis melo 2 correct
Glycine max 3 correct
Hordeum vulgare 3 correct
Lactica sativa 1 correct
Linum usitatissimum 3 correct
Nicotiana glutinosa 1 correct
Oryza sativa 4 correct
Phaseolus vulgaris 1 correct
Solanum acaule 1 correct
Solanum bulbocastanum 2 correct
Solanum demissum 1 correct
Solanum habrochaites 2 correct
Solanum lycopersicum 13 correct
Solanum pimpinellifolium 5 correct
Solanum tuberosum 5 correct
Zea mays 2 correct

(1) 188 ,

() )

3) )
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