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Abstract
Objective
The recognition of pathways involved in salt tolerance mechanisms is one of the
interesting topics in plant sciences and the new data-mining techniques provide a new
insight for researchers. In this research, various attribute weighting and decision tree
(DT) algorithms were executed to discover biochemical markers linked to salinity

tolerance.

Materials and methods

In this regard, to assess some biochemical markers such as protein, superoxide dismutase,
peroxidase, catalase, ascorbate peroxidase, proline, sodium and potassium in wheat and
its wild relative Aegilops crassa, a factorial experiment was conducted in a completely
randomized design with three replications. The factors in the study were genotypes (Arg
(salt tolerance) and Alamout (salt sensitive), and a wild relative (Ae. crassa)) and salinity
(sodium chloride 0 mM and 150 mM).

Results

According to these approaches, proline, superoxide dismutase and ascorbate peroxidase
can be used as biochemical markers to screen wheat genotypes for salt tolerance. Feature
selection and decision tree results showed that hierarchy combination of proline,
superoxide dismutase and ascorbate peroxidase can be used as biochemical markers for

selection of salinity tolerant wheat. The DT Parallel Gain Ratio model when run on the
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Info Gain Ratio dataset and the DT Gain Ratio model when run on the Rule dataset were
the best model in distinguishing sensitive and tolerant genotypes with 97.5% and 91.67%
performances, respectively.

Conclusions

Overall, the results showed that combining bioinformatics, and laboratory studies can
lead to identifying pathways associated with salinity and provide a better understanding
of the mechanisms underpinning stress tolerance.
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Info 4 ( JleMb! o 5 Cumnd) Info Gain Ratio «(y93l8) Rule «(&1,1) Deviation « yigSw! 515)

(FleMb! 2 50) Gain

Table 1. The most important biochemical markers, based on different weighting
algorithms, to be involved in the discrimination of salt sensitive and tolerant genotypes
(Values closer to 1 shows higher effectiveness of features). Weighting algorithms were
PCA, Relief, Uncertainty, Gini index, Chi Squared, Deviation, Rule, Correlation, Gain

Ratio, and Information Gain.

. . Weight : -

Attribute  Weight  Weight ~ Weight Weight Wél_ght Wg%ht Weight Weight _Info Wle'%ht l\:umber

_PCA _SVM _Relief  _Uncertainty T int ~~n _Deviation _Rule Gain — o ot more

ndex Squared Ratio Gain than 0.5
Prolin 900 100  1.00 1.00 1.00 1.00 0.01 0.67 1.00  1.00 8
SOD 100 093 098 0.39 020 032 1.00 000 051 026 5
Na 000 056 053 0.43 0.38 0.44 0.00 050 063 038 4
APX " 020 070 073 0.25 038 027 043 100 063 038 4
Pr 001 000 090 0.14 0.20 0.14 0.00 092 051 021 3
K 001 063 052 0.08 0.15 0.08 0.01 000 006 011 2
K/Na 000 002 028 0.32 0.03 0.32 0.00 000 036 004 0
CAT 001 011  0.00 0.00 0.00 0.00 0.00 000 000 0.0 0
POD 005 037 011 0.17 0.05 0.19 017 000 000 003 0

ol (ol /00 3| ey i3 5 2y9m (Sitg 0 4 w25 Sl o

*The number of algorithms which assigned weights more than 0.5 to the given feature.
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DT Info (sua (bWl paonai €& 3) DT Gini Index « (8 Comd puonai ©&,3) Gain Ratio
Parallel «((s;lge Como puonai < ,3) DT Parallel Accuracy « GleMb! o 0 paonad <& ,3) Gain
aowad < ,3) DT Parallel Gini Index «((sjlge 0540 Comsi paonad ©&,3) DT Gain Ratio
DT Stump  «(gjlge FleMbl o4 paomai i ,3) DT Parallel Info Gain ((gjlge e adli
e Camnd paowai i 3) DT Stump Gain Ratio  (cwbiw] Coue puenai €& ,5) Accuracy
DT Stump Info Gain  ((ceobiw! o (ad bl paonai €& ,3) Stump Gini Index DT (Gelbiw!
JKa Como puonai & ,3) DT Random Forest Accuracy o uwbivw! GleMb! 8 500 paonad ©& 43)
DT Sobai JKi> 0y Cumd puowai ©&,3) DT Random Forest Gain Ratio o 8slas
DT Random Forest o ( #sbai JKa o (a3 paonai & 3) Random Forest Gini Index
893 45 wlwa 5 Jotio Cuighj (w50 ((Bolad Ko Sl o 540 pmewci b 5) Info Gain
Gini (1 ,541) Deviation « _JleWb! o a) Info Gain «( 4 gSws! 55) Chi Squared) sals as gosxo 3
(o sradlze Judoi) PCA ( SleMbl oyps Cun) Info Gain Ratio  ous 2dWi) Index
Omilo) SVM g (ol sa3ls) FCdb ((curkad pus) Uncertainty «(¢8) Rule « (slsel) Relief

IRERWR JES | (1 W3- TR FY¥

Table 2. Comparison of performance of sixteen Decision Tree Algorithms such as DT
Accuracy, DT Gain Ratio, DT Gini Index, DT Info Gain, DT Parallel Accuracy, DT
Parallel Gain Ratio, DT Parallel Gini Index, DT Parallel Info Gain, DT Stump Accuracy,
DT Stump Gain Ratio, DT Stump Gini Index, DT Stump Info Gain, DT Random Forest
Accuracy, DT Random Forest Gain Ratio, DT Random Forest Gini Index, DT Random
Forest Info Gain in the prediction of salt sensitive and tolerant genotypes which were run
on eleven datasets including Chi Squared, Info Gain, Deviation, Gini Index, Info Gain
Ratio, PCA, Relief, Rule, Uncertainty, FCdb, and SVM.
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DT DT DT DT DT DT DT DT

Data Base Accurac Gain Gini Info Parallel Parallel Parallel Parallel

y Ratio Index Gain Accuracy Gain Ratio  Gini Index  Info Gain
Chi Squared 84.17% 78.33%  78.33% 78.33% 84.17% 78.33% 78.33% 78.33%
Info Gain 84.17% 78.33%  78.33% 78.33% 84.17% 78.33% 78.33% 78.33%
Deviation 66.67% 71.67% 60.83% 71.67% 66.67% 71.67% 60.83% 71.67%
Gini Index 84.17% 78.33% 78.33% 78.33% 84.17% 78.33% 78.33% 78.33%
'”g’aﬁs'” 84.17% 86.67%  75.00% 89.17%  84.17% 97.50% 83.33% 84.17%
PCA 66.67% 71.67% 60.83% 71.67% 66.67% 71.67% 60.83% 71.67%
Relief 80.83% 80.00% 71.67% 82.50% 85.83% 85.00% 79.17% 60.83%
Rule 84.17% 91.67% 88.33% 85.83% 84.17% 76.67% 76.67% 76.67%
Uncertainty 84.17% 78.33% 78.33%  78.33% 84.17% 78.33% 78.33% 78.33%
FCdb 80.83% 80.00%  71.67% 80.00% 80.83% 81.67% 79.17% 86.67%
SVM 80.83% 83.33%  77.50% 85.83% 80.83% 80.00% 83.33% 76.67%

Y Jgas aold

Table 2 (continued).
DT DT DT DT DT DT DT DT

Data Base Stum Stump Stump Stump Random Random Random Random
Accu rarl)c Gain Gini Info Forest Forest Forest Forest

Y Ratio Index Gain Accuracy  GainRatio  Gini Index  Info Gain
Chi Squared 84.17% 84.17% 84.17% 84.17% 84.17% 78.33% 80.83% 78.33%
Info Gain 84.17% 84.17% 84.17% 84.17% 84.17% 78.33% 80.83% 78.33%
Deviation 69.17% 69.17% 66.67% 66.67% 66.67% 69.17% 68.33% 59.17%
Gini Index 84.17% 84.17% 84.17% 84.17% 84.17% 78.33% 80.83% 78.33%
'”g’aﬁg'” 84.17% 84.17%  84.17%  84.17% 80.00% 89.17% 83.33% 83.33%
PCA 69.17% 69.17% 66.67% 66.67% 66.67% 69.17% 68.33% 59.17%
Relief 84.17% 84.17% 84.17% 84.17% 75.00% 71.67% 77.50% 77.50%
Rule 84.17% 84.17% 84.17% 84.17% 84.17% 80.83% 75.00% 86.67%
Uncertainty 84.17% 84.17% 84.17% 84.17% 84.17% 78.33% 80.83% 78.33%
FCdb 84.17% 84.17% 84.17% 84.17% 72.50% 76.67% 68.33% 80.00%
SVM 84.17% 84.17% 84.17% 84.17% 80.83% 85.83% 72.50% 89.17%
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Table 3. Specificity, Sensitivity, Accuracy, and AUC (Area Under the ROC Curve) for
Decision Trees with the highest performances in the prediction of salt sensitive and

tolerant genotypes

osls ntig\g Jde (/) comp s g cla.u ods (1) sl (1) b3 91 bzl
Database Model Accuracy (%) AUC Precision  Sensitivity (%)  Specificity (%)
Info Gain DT Parallel
) ) . 90 0.6 1.0 70 100
Ratio Gain Ratio
Rule DT Gain Ratio 90 0.8 80 90
Na'
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Figure 1. The decision tree generated by the DT parallel Gain Ratio model run on Info

Gain Ratio dataset.
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Figure 2. The decision tree generated by the DT Gain Ratio model run on Rule dataset
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