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Abstract. Despite the detection methods of HK genes and TS genes were various,
without the standard database, we could not judge which one was the best classifier.
In this paper, we built a standard database of HK genes and TS genes, reviewed and
evaluated the existed methods. By analyzing the features of HK genes and TS genes,
we summarized 7 features: relative expression breadth (REB), signal to noise (S/N),
tissue special index (TSI), Awverage, standard deviation (SD), Max/Average,
dispersion measure (DPM). Based on the features, we used a new SVM (support
vector machine) model to have identified more than 10000 HK genes and 6947 TS
genes. It is the best classifier about HK genes and TS genes identification now.

Introduction

It is important to study HK genes and TS genes, which can explain the relationship
of tissue special protein and disease or the protein-protein network [1,2,3,4]. In recent
years, some high throughout experiments such as RNA-seq, Expressed Sequence Tag
(EST), Microarray Chip and Mass Spectrum, produced more and more molecular
expression data. By comparing small scale experiments, RT-PCR and Western blot,
the high throughout experiments produced large volume of data and detected weak
expression genes. Among these high throughout experiments, RNA-seq can detect
weak expression genes, but it hard to distinguish noise or weakly expressed gene. And
more and more researchers adopted RNA-seq method to reveal the relationship
between HK genes and TS genes.

The definition of housekeeping genes is constantly evolving, and we have divided
these definitions here into two major types. The early one represented by Watson et al.
[5] and Warrington et al[6] stated that the housekeeping genes need to be
constitutively expressed in every tissue to maintain cellular functions. Due to
measurement errors and stochastic noise, it is difficult to distinguish genes absent in
the sample from those weekly expressed. The newer definition extends the first
definition and emphasizes on a constant and stable expression, which was initially
raised by Butte et al [7].Also the initial definition of TS genes meant that genes only
expressed in one or several tissues. Another definition indicated that the expression
level of tissue special genes in one or several tissues was higher than other tissues,
which also emphasized a constant and stable expression.

It was existed many methods to distinguish HK genes and or TS genes, such as
signal to noise (S/N) [8], relative expression breadth (REB), tissue special index (TSI)
[9], HKera [10], etc.S/N identified genes as HK or TS based on the criterion of high
or fairly constant expression, whereas REB did not focus on the magnitude of
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expression, but instead, used a certain number as a threshold. TSI used a quantitative
measure of variation in expression profiles in different tissues to evaluate the
tendency of a gene to be HK gene (little tissue-wide variation) and TS gene (high
variation). Different from all of the above, based on the tensor structure of tissue-wide
gene expression profiles, HKera was a novel SVM classifier of designating a given
human gene as HK or TS gene. Nowadays, we cannot judge which method is the best
classifier. So we built a standard database to evaluate the existed methods. By
analyzing the methods, we put forward a new method, using SVM to classify genes as
HK or TS. And the results suggested our method was better than others methods.

Materials and Methods
Datasets

RT-PCR and Western blot were believed the best one to excavate HK genes and TS
genes. By surveying papers, we built a standard database which could help us to
evaluate the existed methods. We have found 1161 standard HK genes and 505 TS
genes.

The GSE30611 RNA-seq data for Illumina Human Body Map 2.0 project
transcription profiling of individual and mixture of 16 human tissues RNA was
downloaded from GEO depositories and processed using previously described
procedures [11]. This datasets contains gene expression profiles for 17419 genes in 16
tissues. Based on the standard database, we found standard HK genes and TS genes in
tissue 16 database.

Methods

Performance Evaluation. To evaluate the HK prediction methods, we calculated
the following performance measures:

TP
recall = ———
TP+FN (1)
- TP
precision =
TP +FP )
specificity = _ TN
TN +FP (3)
TP+TN
accuracy =
TP+FP+TN+FN (4)

Where TP denotes true positive, FP false positive, TN true negative, and FN false
negative. When computing the receiver operating characteristic (ROC) curves for HK
prediction methods, TP was the number of correctly predicted HK genes in HK genes
data sets, and TN was the number of correctly predicted TS genes in HK genes data
sets, FP was the number of TS genes predicted to be HK and FN the number of
benchmark HK genes predicted to be TS genes.

Methods Review. First of all, we evaluated the existed methods. REB meant how
many tissues the gene expressed and it has been demonstrated in numerous studies
[12,13,14]. S/N identified genes as HK or TS based on the criterion of high or fairly
constant expression. TSI was defined as:
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Xi=———.
X max— X min (5)
T: > a-x)
N-1 (6)

Where N is the number of tissue and Xx; is the expression profile component
normalized by the maximal component value. The DPM was a new method to identify
HK gene or TS gene. To quantitatively estimate the relative expression specificity of a
gene in a sample, the dispersion measure (DPM) [15,16] was introduced as following:

X = (X1, X2, X3...Xi...Xn -1, Xn). @)
Xi= (0,0,...,%,...0,0). (8)
SPMi = cosg = 2%

| X o|X] )

> (SPMi—SPM)?
DPM =2 o/n.
n-1 (10)
Where X was the each gene expression profile. n was the number of samples in the

profile. The SPM was the mean of SPMs in the gene expression profile. A vector X;
was created to represent the gene expression in a sample i. The SPM of a gene in a
sample was then determined by calculating the cosine value of intersection angle 6
between vector X; and X in high-dimension feature space. Unlike conventional SD
analysis, DPM was independent of gene expression level and sample number by
scaling into a region of 0-1.0 as above. In this way, DPM made variability comparable
between profiles or dataset. A value of DPM or TSI close to 0 suggested which gene
can be defined as HK gene. And the value close to 1 suggested that gene could be TS
genes.

Nowadays, Fourier analysis [17] transforms time-series gene expression data into
Fourier spectra for a support vector machine (SVM, a machine learning method) to
classify genes as HK or TS. And Austin et al.[10] found a novel classifier of HK and
TS genes named HKera. HKera classified HK and TS based on the tensor structure of
tissue-wide gene expression profiles. From all of the above, we summarized 7 features
(REB, Average, SD, Max/Average, S/N, TSI, DPM) to training our SVM model. Our
classifier was SVM model resulting from 5-fold cross validation on standard genes.
We also used other machine learning algorithms (decision tree, BP neural network,
naive Bayes) to build the model to classify HK and TS, but the SVM model was the
best one to identify HK genes and TS genes.

Results and Discussion

By surveying the papers, we built a standard database about HK gene and TS genes.
We have found 1161 HK genes and 505 TS genes. In the database, we summarized
the genel D, symbol, annotation, source etc.

We evaluated four HK prediction methods (REB, S/N, TSI, DPM). The figure (Figure
1) are ROC curves of sensitivity vs. 1-specificity. Where sensitivity (i.e. Recall) and
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specificity are defined respectively, by Equation (1) and Equation (3) in the methods.
From the figure, the DPM and TSI were the best methods to identify HK gene or TS
gene. While the method of S/N was better than REB. REB applied first HK definition
(see Introduction) into HK genes classification, so some weak expressed gene or noise
could influence the result of number of the HK genes. Because S/N accounted for the
gene consistently expressed in all tissues, which was better than REB. DPM and TSI
not only accounted for the gene consistently expressed in all tissues, but also avoided

the noise and weak expressed.
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Figurel. Performance of four HK prediction methods.

Nowadays, machine learning is the most popular field of data science, one of
which is SVM, the classification effect remarkable and easy to implement, lead to
more and more researchers to use SVM to tissue special genes classification area. For
example HKera and Fourier analysis are the SVM models which were shown to
perform significantly better than other classifier that use different methodologies
[10,17]. Table 1 summarized the performance of the four machine learning methods
(1 decision tree, 2 BP neural network, 3 SVM in this study, 4 naive Bayes) to classify
HK genes on training/test data. The results showed that our study was among the best
performers.

Table 1. Performance of four machine learning models on training/test data
Training (%) Test(%)
Model Accuracy Recall Precision Accuracy Recall Precision
1 88.3 81.7 91.2 85.7 80.3 90.5
2 67.3 87.7 92.0 72.3 85.6 89.3
3* 94.2 93.7 925 93.6 91.2 90.3
4 91.4 82.7 91.3 88.6 89.7 90.5
*model 3 was SVM in this study
Table 2. HK criterion and the resulting number of HK genes using different methods
Method HK criterion Number of HK genes Reference
TSI TSI<=0.5 2879 [9]
SIN Consistently Expressed 2307 [8]
HKera HKera score>=0.0 8070 [10]
DPM DPM<=0.5 5389 [15,16]
Our method SW 10305 This work
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Table 2 summarized the four different methods classifying our data (see Methods).
TSI was bounded between 0 and 1, A lower TSI indicated a lower tendency for the
gene to be TS (or a higher tendency for it to be HK). The 0.5 threshold was chosen
following [18], and this method identified 2879 HK genes. While the HK criterion of
the S/N identified 2307 HK genes. HKera was the SVM method with 5-fold cross
validation which identified 8070 HK genes. The DPM was the new method to classify
HK genes which could identify 5389 HK genes. In this study, we used 7 features to
train our data and identify 10305 HK genes , which was the best one to identify HK
genes among above methods.

Conclusions

The definition and detection methods of HK genes or TS genes are various.But
without the standard data, we cannot evaluate which one is the best to classify genes
as HK or TS. Inthis study:

(1) We built a standard database to test the method of DPM, S/N, TSI and REB
classifying HK genes. The results showed the DPM and TSI were better than S/N and
REB.

(2) We collected 7 features from a lots of papers, trained by SVM method to
identify more than 10000 HK genes and 6947 tissue special genes. It is the best
classifier about tissue special genes identification now.

But the effect of SVM method depends on the features, so it is import to
summarized the features. While deep learning is one of popular algorithms in machine
learning area, depends on big data, which can train the raw data without selecting
features. Nowadays, deep learning algorithm has applied in visual recognition, image
recognition etc. Inthe future, more and more studies with regard to deep learning will
explain the relationship between HK genes and TS genes.
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