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ABSTRACT

Expansin is one of the most sought out cell wall proteins in plants. It plays a crucial role in cell
walls modularity processessuch as, providing cell wall with plasticity along with softening
certain fruits as well as root hair elongation along with several other functions. Which makes it
even more imperative that sequence and structure-based knowledge of expansin be used for
better understanding of expansin functions, and hence highlighting the need for correlating

sequence and structure starting from identification of the said proteins.

Machine learningmethods like SVM are used for the purpose of classification which is carried
out using an in-house python script. Several features such as amino acid composition, dipeptide
composition along with several others are taken in two definitive ratios that are 1:1 and 1:2 have
been used to train a model. After which the best model has been used to create a web server with
an intent to help the research community and researchers working in this field to annotate
sequential and structural information. The web-server created can be accessed using the link-

http://piyus22.pythonanywhere.com/predictor/.

Keywords: SVM, amino acid composition, dipeptide composition, expansins


http://piyus22.pythonanywhere.com/predictor/

INTRODUCTION

The cell wall is quite important as it has several decisive roles in activities such as
differentiation, transportation, communication and several other roles ultimately contributing to
plant growth. Primary cell wall controls the expansion of plant cells, by a coordinated process
wherein it confines the shape and accordingly selectively loosens it leading to cell wall
relaxation and subsequent water uptake which in turn results in enlargement of the cell [X1. The
cell wall is considered to be a complex structure composed of various polysaccharides, proteins,
suberin,enzymes, waxesas well as several other components because of thisplants can adapt to
almost all climates 2. The cell wall is modified when the plant cells grow, develop, face
environmental stresses or encounter infection by enzymatic action !, Structurally the cell wall is
polyhedral consisting of edges and vertices ™. The most common localized proteins are HRGPs
or extensins, AGPs, GRPs and the PRPs apart from these there are several other proteins as
wellP®l, Even though structural components involved in cell growth and cell wall are prominent,
research is still going on how these components are linked so as to form a strong and stable

primary wall 1,

Expansinswereearlier exposed in cucumber hypocotyls [l localized in the cell wall were highly
conserved. Thus, they were believed to play a significant part in the cell wall plasticity whenever
plant cells expand or differentiate 1. In an experiment when a growing cell was disrupted, it
could be done by freeze/thaw cycle and after denaturation of cell wall proteins !, they lose the
ability to extend their ability to extend which was reinstated after addition of expansin protein
[101 Expansins prefer acidic pH and hence are preferred mediators for “acid growth” in plants.
This means that the expansins play a critical role in growth during acidic condition which takes
place during stress condition which leads to cell elongation™*. According to sequence-based

phylogeny, it is broadly classified into two major families EXPA and EXPB. EPA’s are



associated with cell wall loosening during optimum acidic pH, whereas EXPB’s include several
set of proteins on which research is still going on. It has four different subfamilies i.e.a-
expansin(EXPA), B-expansin(EXPB), expansin-like A(EXLA) and expansin-like B(EXLB) 12,
EXLA & EXLB are smaller families targeting the cell wall modification 121,

Conventional method i.e. sequence comparison method, wherein we align the query sequence
across a database of known sequences to find the annotation associated with it, But in the case of
the diverse dataset where there is very less similarity or identity this approach fails. So we need a
method or approach which would help in dealing with this flaw, this is wherein we have
employed machine learning-based algorithm specifically support vector machines (SVM) which
is quite popular when it comes to prediction, it could be used for prediction of structure, function
or interactions along with it 451 it has high accuracy and can be used to deal with high-
dimensional and large diverse datasets 6281, With high accuracy, there is less chance of loss of
function due to false prediction. It is generally used for binary classification i.e. distinguish
between two categories, one could be considered positive the other might be considered negative
just for the sake of convenience. It is able to do so because of the use of two key concepts which
are large margin separation and kernel function. Large margin separation deals with the
classification of points in two dimensions whereas kernel function deals with the similarity

between two points.

Sequence and structure-based information have been used to build a machine learning model
consisting ofvarious features like amino acid composition as well as dipeptide composition. AA
composition refers to the number of individual residues divided bythe sequence length, whereas
the dipeptide composition refers to di-amino acid composition possible for all combinations
(400) divided by length, using these features models are trained to predict whether the query
sequence is expansin like or not along with it, if it has any associated structure that could have a
similar structure which in turn would help in determining the function associated with it. This is
an interesting approach as not much is done in identifying and classifying expansins into
different families as well as correlating their structure with a sequence which will aid in

identifying functions.



The following table explains some of the important genes and their subfamily information

related to expansins and their involvement in plant cell growth along with it how they deal with

stress conditions.

Table-1

(Expansin’s effect on the plant cell development as well as their adaption to harsh conditions)

Expansin name

Sub-family

Mode of

expression

Observed
phenotype

References

AtEXPA1L

a-Expansin

Overexpression

and inhibition

Increased rate of
light-induced
opening of
stomata and
reduces the
sensitivity of

stomata.

[19]

AtEXPA2

a-Expansin

Overexpression

and suppression

Overexpresses
germinated faster
than wild type
plants while
germination was
delayed in

mutant lines

[20]

AtEXP3

a-Expansin

Overexpression

Enhanced growth

and larger leaves

[21]




under normal
growth

conditions

AtEXPA4

a-Expansin

Expression

profile analyses

Thought to
soften the cell
wall of the

stigma

[22]

AtEXPA10

a-Expansin

Overexpression

Large plant cells,
larger leaves and

longer stems

[24]

AtEXPA18

a-Expansin

Overexpression

Influenced root
hair initiation

and root growth

[26]

LeEXPAlL

a-Expansin

Overexpression

and Suppression

Overexpression
of the gene
resulted in softer
fruits while its
suppression
produced firmer
fruits in
transgenic

tomatoes

[27]

LeEXPAS8

a-Expansin

mMRNA
expression

analysis

Thought to
influence
germination
since it is
expressed in
germinating
seeds only and
appears to be

involved during

(28]




the initial
elongation of the

radicle

LeEXPA10

a-Expansin

MRNA
expression

analysis

Thought to
influence
germination as
well as seed
development

[29]

OsEXPA4

a-Expansin

Overexpression
Antisense
(RNAI)

Pleiotropic
phenotypes in
plant height, leaf
number,
flowering time
and seed set as
well as enhanced
coleoptile growth
Shorter plants,
decreased
coleoptile and
mesocotyl

lengths

[32]

OseEXPAS

a-Expansin

Overexpression

Increased root
mass, number
and size of
leaves as well as

plant height

(33]

DzEXP1

a-Expansin

Expression

analysis

Thought to be
involved in
fruit/pulp
softening and

peel dehiscence

(35]




NtEXPAS5

a-Expansin

Overexpression

Increased organ
size especially
the leaves and
the stem

[36]

FaExp2

a-Expansin

Expression

analysis

Thought to take
part in cell wall
polymer
disassembly
during fruit

ripening

[37]

MaExpl

a-Expansin

Overexpression

Thought to affect

banana ripening

(38]

PPEXP1

a-Expansin

Enhanced
germination and
abiotic stresses

tolerance

[39]

Table-2

Represents a minimum no. of genes for different families of expansin across different plant

species
Species EXPA EXPB EXPLA EXPLB Total Reference
S
Angiosperms
Arabidopsis 26 6 3 1 36 [40]
thaliana
Poplar 27 3 2 4 36 [41]
Grape 20 4 1 4 29 [42]
Soybean 49 9 2 15 75 [43]




Apple 34 1 2 4 41 [44]

Chinese 39 9 2 3 53 [45]
cabbage
Rice 33 18 4 1 56 [40]
Maize 36 48 4 0 88 [46]
Nonflowering
plants
Selaginella 15 2 0 0 17 [47]
moellendorffii
Physcomitrella 28 7 0 0 35 [48]
patens

MATERIALS AND METHODS

Data Collection

Data has been downloaded from NCBI using keyword search Expansin and “not hypothetical”
and not isoform and not partial and not putative and not fragment, after which multiple sequence
alignment was performed and then the corresponding percentage identity matrix was used to plot

a histogram and also a dendrogram was generated.
Redundancy removal and PSI-BSLAST

CD-Hit suite was used to remove redundancy from the collected dataset. CD-Hit with sequences
identity cut off 0.6, 0.5, 0.4 were used, it is a tool used for clustering and classifying proteins [“°],
After which PSI Blast was performed on the results from 0.6 cut-off from CD-HIT wherein
individual sequences from the dataset were treated as query sequences and aligning it against the
database created of remaining sequences. PSI-BLAST helps in determining distant relationship
among proteins in the corresponding database, which BLAST fails in doing so ®%. To check the
diversity of non-redundant sequences, multiple sequence alignment was carried out after which

percentage identity matrix was extracted and a histogram was plotted.




Model Generation

Using in-house python scripts, feature calculation was carried out for features such as amino acid
composition, dipeptide composition as well as several other features in 1:1 and 1:2 definitive
ratios were calculated. After acquiring features different models were trained with SVM as a
classifier, To check the efficiency of the models,2 Accuracy refers to total no of correct

prediction across total samples.

RESULTS AND DISCUSSION

Data Visualization and Initial Analysis

502 sequences were downloaded from NCBI. After which MSA was carried out and the
corresponding percentage identity matrix was used to plot histogram which yielded following
results which conveyed that 37.5% of sequence pair lie between 20-30 per cent identity whereas
27.5% data lie between 10-20 per cent identity which invariably shows diversity across dataset
as well as warrants the use of ML-based methods so as to give more accurate results. Thereafter
CD-Hit was performed resulting in 126 sequences below 0.6 sequence cut-off, 88 sequences

below 0.5 cut-offs and 57 sequences below 0.4 cut-offs.
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Fig-1: Histogram depicting data variability acrossthe dataset

Table-3

(Tabular description of the entire dataset)

Initial count

CD-Hit60 CD-Hit50 CD-Hit40

502

126 88 47




Generated Models

The features were used to train the model using an in-house python script which yielded the
following results, the analysis of the result shows that this model could be used for prediction of
expansin proteins. This shows much better results when compared to conventional methods and

highlights the importance or rather the need for using machine learning-based techniques.

Table-4

(Represents results generated after model training done)
Feature Accuracy Precision Recall ROC Area
Aa_comp(1:1) 93.8571 % 0.931 0.929 0.929
Aa_comp(1:2) 90.3852 % 0.907 0.914 0.909
Dip_comp(1:1) | 91.6667 % 0.917 0.907 0.917
Dip_comp(1:2) | 82.0635 % 0.821 0.851 0.911
CONCLUSION

In this current study, we have carried out a machine learning-based approach using in-house
scripts to develop a predictor which will ease the identification and annotation of expansin
proteins by correlating sequence and structural information. This predictor has been built using
sequential data collected from NCBI protein and structural information from PDB. After which
data cleaning and filtration was carried out. Thereafter feature calculation for features such as
amino acid composition, dipeptide composition and several others was carried out. The final
SVM model has been trained with 1:2 data of amino acid composition and 1:1 data of dipeptide

composition. With the advancement in expansin based study in future, the predictor will help in




correlating sequence-structure based studies as well as make the predictor even more robust and

relevant with increased information pertaining to sequence and structure. Making it a go-to site

for prediction pertaining to it.
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