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ABSTRACT
The processes of host plant resistance to insect feeding and pathogen attack involve several complicated plant
defense pathways comprising numerous regulations of pathogen-related gene expressions. The aim of this study is
to examine the ethylene signaling defense pathway of melon plants. We present a novel way of applying text mining
®
in plant resistance research literature reviews. SAS Text Miner is employed to analyze current literature emphasis
with the purpose of identifying interesting and important research trends in the field of host plant resistance to insect
attacks. We show that ethylene, jasmonic acid, salicylic acid, and calcium signaling pathways are major emphases in
®
®
the plant-pathogen interaction field. Additionally, SAS Enterprise Guide is used to analyze gene expression
changes in ethylene signaling pathway.

INTRODUCTION
Aphids are one of the most harmful non-indigenous threats to agriculture in the United States. The consequences
directly caused by aphids include production losses, quality decreases, and agricultural risk increases (Miller et al.,
2009). For example, in the western U.S., the yield losses caused by Russian wheat aphids reached $500-$900
million in early 1990 (Bernal et al., 1993). In Iowa, a significant soybean aphid outbreak resulted in a 32% reduction of
soybean yields in 2003 (Marlin et al., 2007). Aphids harm crop plants by direct feeding on plant phloem sap and
spreading pathogenic viruses during feeding processes. These behaviors significantly disrupt normal plant physiology.
More important, pesticides are not effective in protecting plants from aphid infection because pesticides kill aphid
predators together with aphids. Therefore, it is necessary for crop plants to develop host plant resistance in response
to aphid attacks.
Host plant resistance responses contain many physiologic processes that will activate and express plant pathogenrelated genes to defend plants from pest damages. Some chemical compounds are commonly produced in these
processes, such as ethylene (ET) (Moran et al., 2002). ET is a gaseous compound that is recognized as an important
pathogen defense mediator in plant-pathogen interactions. ET participates in the plant response process in two ways:
plants produce ET by activating and expressing ET generation genes, and then they activate other pathogen defense
pathways by inducing the expression of related genes (Anstead et al., 2009; Thompson and Goggin, 2006). However,
these defense pathways are very complex, and ET’s impact on the outcome of pathogen related genes is still unclear.
In our research, we investigated host plant defense and aphid attack interactions with two kinds of host plants: virus
aphid transmission (Vat) resistant melon plants, named AR 5; and virus aphid transmission susceptible melon plants,
named PMR 5. The aphids we studied in this research are cotton-melon aphids named Aphis gossypii (A. gossypii),
one of the most destructive aphids in their family. AR 5 melon plants contain Vat genes; therefore, they are resistant
to both A. gossypii feeding and viruses transmitted by A.gossypii. On the other hand, PMR 5 melon plants do not
contain Vat genes, so they are susceptible to A. gossypii feeding and transmission viruses brought by A. gossypii.
The experimental approach in this study is to compare the plant pathogenic defense gene expression levels during
aphid feeding in both AR 5 and PMR 5 plants. Three groups of pathogenic defense genes are studied: ET perceived
genes (ETR1, ETR2, EIN2, EIN3, EIL1, ERF1, and ERS1), ET synthesis genes (ACS1, ACS2, ACS3, ACO1, and
ACO2), and some other pathogen-related genes induced by ET (SSA-13, SAG-12, type1 PI, CCH, and CAM). The
full name and function of each gene is listed in Table 1.
The technique we used to detect gene expression level is real-time polymerase chain reaction (RT-PCR). The
complete data for gene expression levels of AR 5 and PMR 5 plants are subjected to two-sample t-tests. In the
previous paper by Anstead et al (2009), equality of variance was assumed as equal; however, this is a biased
®
®
assumption. Here, we present a more accurate method using SAS Enterprise Guide .
Moreover, the literature review is considered a significant part in research because it is important for researchers to
keep up with the most current knowledge and discoveries. However, hundreds of new papers come out every week,
and it is challenging for researchers to review all informative papers. Here, we present a novel way of applying text
®
TM
mining to plant pathogen science literature reviews by using SAS Enterprise Miner 6.1. Text mining is a very
efficient way to find out the patterns of current research trends and the most informative papers in the field of plant
resistance to aphid attack.
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Table 1. Gene full name and encoded protein function.

MATERIALS AND METHODS
Two-Sample T-Test
To examine the results of host plant resistance responses to A. gossypii between AR 5 and PMR 5 plants, we
®
conducted experiments with 17 groups of gene expressions and analyzed the data using two-sample t-tests in SAS
®
Enterprise Guide . In each group, we have control (AR 5 and PMR 5 plants not treated with aphids) and treatment
(AR 5 and PMR 5 plants treated with aphids). For each set of experiments, four replicates were performed and two
time points were recorded, 6 hours and 24 hours. The raw data were analyzed using the Pfaffl method (Pfaffl, 2001),
for which a relative gene expression value was calculated for each gene’s treatment and control samples at both time
points.
®

®

Anstead et al. paper assumed that the equality of variances were equal. Here, F-tests in SAS Enterprise Guide will
present correct decisions regarding equality of variances.

Text Mining
Besides the two-sample t-tests, we also investigated the recent research literature on host plant resistance using text
®
TM
mining capabilities available in SAS Enterprise Miner 6.1. The corpus was created by searching current literature
with key words “plant resistance to aphids” in Pubmed. Pubmed is an online website comprised of more than 21
million articles from biological or biomedical science journals. Of 389 search results, 249 articles published after 2004
were selected. The abstracts of these papers were collected from online PDF documents, and a sas7bdat textual
®
®
data file containing these abstracts was created in SAS Enterprise Guide . All 249 abstracts were imported and read
®
TM
in SAS Enterprise Miner 6.1. No further data cleaning was performed.
Text mining starts with text parsing, which identifies unique terms in the text variable and identifies parts of speech,
TM
entities, synonyms, and punctuation (SAS® Enterprise Miner Help). The terms identified from text parsing are used
to create a term-by-document matrix with terms as rows and documents as variables. A typical text mining problem
®
has more terms than documents, resulting in a sparse rectangular terms-by-document matrix (SAS Enterprise
TM
Miner Help). Stop lists help in reducing the number of rows in the matrix by dropping some of the terms (Miller,
2005).
®

TM

A stop list is a dictionary of terms that are ignored in the analysis (SAS Enterprise Miner Help). A standard stop list
removes words such as the, and, of, etc. However, a user can create custom stop lists to achieve better text mining
®
results (Cerrito, 2006). In this research, we used the standard stop list supplied with SAS Text Miner. Singular Value
Decomposition (SVD) can be used to reduce the dimensionality by transforming the matrix into a lower dimensional
®
TM
and more compact form (SAS Enterprise Miner Help). However, a careful decision must be made on how many
SVD high dimensions (k) to use. A high number for k can give better results, but high computing resources are
®
required. It is customary to try different values for the number of dimensions and compare the results (SAS
TM
Enterprise Miner Help). As a general rule, smaller values of k (2 to 50) are useful for clustering, and larger values
(30 to 200) are useful for prediction or classification (Sanders, 2004). In this study, we used the default options in
SAS® Text Miner for SVD dimensions. Each term identified in text parsing was given a weight based on different
criteria. The term weights help in identifying important terms (Battioui, 2008). The default setting for this property is
Entropy. Using this setting, terms that appear more frequently will be weighted lower compared to terms that appear
less frequently (Cerrito, 2006).
A clustering technique is used for text categorization. Using this technique, documents are classified into groups such
that those within any one group are closely related and those in different groups are not closely related (Cerrito,
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2006). The terms along with their weights are used for creating these groups. Each group or cluster is represented by
®
a list of terms, and those terms will appear in most of the documents within the group (Battioui, 2008). SAS Text
Miner uses an Expectation-Maximization algorithm for clustering. For all the four decades, we first used 20 for the
maximum number of cluster property and subsequently modified this property based on clarity of clustering results.

RESULTS
Two-Sample T-Test
®

®

Based on the reports generated by SAS Enterprise Guide , 67.6% equality of variances were equal and 32.4%
equality of variances were unequal. As shown in Table 2, for 6-hour records, five genes had unequal variances and
from 24-hour records, six genes had unequal variance. (A detailed report for each two-sample t-test is not shown with
this paper.)
Three out of 17 ethylene-related genes were up-regulated under the treatment of the aphid attacking. For the 6-hour
treatment, two genes showed a significant difference between two plants, ERF1 and ACO2. For the 24-hour
treatment, only ERS1 showed a significant difference. (Refer to Figure 1, Figure 2, and Figure 3.)

Table 2. Summary list of equality of variance for each gene at two time points. The significance results for
each two-sample t test are indicated by highlighting.

Figure 1.Two-sample t-test result of Gene ERF1 for 6-hour treatment.
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Figure 2. Two-sample t-test result of Gene ACO2 for 6-hour treatment.

Figure 3. Two-sample t-test result of Gene ERS1 for 24-hour treatment.
In summary, two-sample t-test analysis suggests that current data are not informative enough to draw a strong
conclusion about host plant resistance to aphid attack. In order to propose an insightful future step for this research,
we will present text mining analysis showing the current research trends in this field in the following section.

Text Mining
®

TM

The textual data set of 249 article abstracts was read in SAS Enterprise Miner 6.1. All of these abstracts were
used to cluster the research trends using the text mining node (refer to Figure 4). As shown in the partial view of the
properties used for text mining (refer to Figure 5), default settings of properties in the text mining node were used and
a 7-cluster solution was identified (refer to Figure 7). Figure 6 shows part of the Term-Document Matrix calculated
based on the discriminative power of the weights. The terms are listed in descending order of frequencies.

Figure 4. Application of text mining on literature abstract textual data.
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Figure 5. Properties of text mining node.

Figure 6. Partial view of customized stop-list based on Term-Document Matrix.
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Figure 7.Descriptive terms of each cluster
Among the seven clusters (refer to Figure 7), the most common concepts in these articles are grouped in cluster 7.
The key words for this cluster are signal, defense, insect, pathway, and feed. This cluster suggests that insect feeding
commonly triggers signal pathways in the host plant. The second-largest cluster is cluster 3, in which the key words
are stem, fruit, leaf, express, and expression. This cluster indicates that the signal pathways are usually located in
these parts of plants. The next largest cluster is cluster 2, in which the key words are sequence, family, protein, factor,
and have. This cluster suggests that there are some protein families identified in plant defense responses. The next
largest cluster is cluster 5, in which the key words are mutant, mutation, wild-type, effect, and indicate. This cluster
shows that mutation study is a common method used in plant resistance research. Moreover, Cluster 1 conveys the
information that oxidative related signaling takes up 7% of the current research in host plant and insect interactions.

Figure 8. Partial result of filtered documents showing literatures grouped in Cluster 7.
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®

The detailed articles grouped into cluster 7 are displayed by Filter Document function in SAS Enterprise Miner
As shown in Figure 8, these signal pathways include ethylene signaling, jasmonic acid signaling, and calcium
signaling.

TM

6.1.

Figure 9. Partial results of filtered documents showing literatures grouped in Cluster 3.
The secondary largest cluster indicates that the major defense pathways exist in the stem, fruit, and leaf parts of host
plants. As shown in Figure 9, the major genes studied in this cluster are ACO, ACS, ACC, and ETR, etc. Therefore,
although our research data shows insignificant gene up-regulation results for most of the genes, 20% of the literature
is still focusing on the study of them.
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Figure 10. Partial results of filtered documents showing literatures grouped in Cluster 2.
Moreover, cluster 2 shows that 16% of articles focused on researching plant defense-related protein families. When
the content of these articles is displayed by Filter Document function, it is clear that the target genes in these papers
are ERF, ERS, ETR, ACO and other pathogen-related proteins and transcription factors (refer to Figure 10).

Figure 11. Concept links for ethylene
Furthermore, Figure 11 shows the concept links of ethylene in these documents. The term “ethylene” is strongly
associated with the term “ETR”. ETR is a gene that encodes an ethylene receptor, and its expression level was also
studied in our research. The two-sample t-test of the ETR gene, however, didn’t show a significant difference
between aphid resistance and susceptible plants. Although our current data didn’t show a significant response, text
mining results indicated that ETR is still an important and interesting gene to study.
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The term “ethylene” is also linked to some other interesting terms, such as jasmonic acid, salicylic acid, transduction,
and receptor. These links recommend that future researches pay attention to the biological effects of these suggested
terms.

CONCLUSION
It is clear that the ethylene signaling pathway plays a critical role in host plant resistance to aphid attacks. In addition,
jasmonic acid signaling, salicylic acid signaling, calcium signaling, and oxidative-related signaling are also interesting
pathways in plant-pathogen interactions. Although only three genes have been demonstrated to be significantly upregulated by aphid feeding treatment, the study of the other 14 genes is recommended to continue in order to collect
more data for further conclusions.
The biological mechanism of ethylene signaling pathways is still a hot topic in the current research field, and its
interaction with other plant-pathogen pathways is recommended for the next step of this project.
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