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Abstract: Although microarray has been an important tool that can perform extensive gene expression analyses, next

generation sequencing (NGS) has recently arisen as an alternative methodology that can measure gene expression.

In this paper, we have compared microarray and NGS quantitatively using microRNA measurements in hepatocellu-

lar carcinoma (HCC) and found that these two are coincident with each other. NGS also turned out to be used for

biomarker between HCC and normal tissue if the recently proposed principal component analysis based unsupervised

feature extraction was applied.

1. Introduction

Microarray has been a useful tool for the simultaneous mea-

surements of gene expression in mRNA expression level. How-

ever, next generation sequencing (NGS) has become more and

more important because NGS can be potentially more quantita-

tive than microarray. On the other hand, because of long his-

tory of microarray, presently stored gene expression data mainly

consist of microarray that contributed to several biological new

findings. Thus, in order to relate biological knowledge between

microarray and NGS, it is important to compare their measure-

ments using same samples. Recently [1], considering microRNA

(miRNA) expression in hepatocellular carcinoma (HCC), we

have tested how coincident with each other these two method-

ology can be. Then we have found [1] that these two can be
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quantitatively coincident with each other even considering differ-

ential expression. In addition to this, we have demonstrated that

miRNA measured by NGS can classify between HCC and nor-

mal controls if the recently proposed principal component analy-

sis based unsupervised feature extraction was applied.

2. Materials and Methods

2.1 Microarray and NGS data

Microarray data was uploaded to Gene Expression Omnibus

(GEO) using GEO ID GSE31164. NGS data measured by

MiSeq was uploaded to DNA Data Bank of Japan Sequence

Read Archive using accession number DRA001067. They in-

clude 14 HCC tumor samples and matched 6 normal control sam-

ples. More detailed information about materials (e.g., patient in-

formation and sample retrievals), please refer to original paper

[1].

2.2 Extraction of miRNA expression from NGS data

Fastq file are treated by miRDeep2 [2] software and expression

of individual miRNA was extracted.

2.3 Data Normalization

In order to demonstrate how simple treatment can achieve good

enough performance, we simply applied normalization such that

each sample of NGS and microarray data has zero mean and vari-

ance of one. More detailed pre-processing of NGS data and how

to retrieve miRNA expression from microarray, see original paper

[1].
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2.4 Linear discriminant analysis using principal component

analysis

Discrimination between HCCs and normal controls for miRNA

expression derived from NGS data set was performed using linear

discriminant analysis (LDA) using principal component analysis

(PCA). At first, PCA was applied to 11 selected miRNAs (see

next subsection) and LDA was applied using obtained PCs. PCA

was applied to all 20 samples. Then, LDA was used with leave

one out cross validation. Thus, discrimination was performed in

semi-supervised way.

2.5 Selection of miRNAs using PCA based unsupervised fea-

ture extraction

Recently proposed PCA based unsupervised feature extraction

(FE) [1], [3], [4], [5], [6], [7], [8], [9], [10] was applied to miRNA

expression derived from NGS data. Samples are embedded into

two dimensional space using PCA and 11 outliers are from the

origin are extracted.

3. Results

3.1 Comparison between microarray and NGS

In order to investigate how coincident with NGS microarray is,

several comparisons were performed. At first, the reproducibility

of NGS was tested. In order that, same samples are sequenced

multiple times. Fig. 1 shows the comparison between multiple

sequencing of the same sample. Dependent upon samples con-

sidered, sequencing was performed twice or three times. It is

clear that reproducibility was fairly well independent of consid-

ered samples. Thus, we can conclude that our procedure, MiSeq

and miRDeep2, could successfully reproduce miRNA expression

of HCC.

Fig. 1 Comparison of logarithmic miRNA expression between three techni-

cal replicates of HCC sample (patient ID K 177) measured by NGS

analysis.

Since we have confirmed the reproducibility of NGS measure-

ments, we also checked the reproducibility of differential miRNA

expression (Fig. 2). Usually, expression is analysed in differen-

tial forms, e.g., logarithmic differential expression between tumor

and normal tissues. Thus, reproducibility of differential expres-

sion is more important than that of raw expression.

Although Fig. 2 exhibits the differential expression between

two distinct HCC samples that are expected to have relatively

smaller differential expression between tumor and normal tissue,

the reproducibility is fairly well. Among 36 pairwise compar-

isons, the smallest correlation coefficients were still larger than

0.8. Thus, it is expected for NGS to be coincident with microar-

ray even considering differential expression.

Since we have successfully confirmed that MiSeq with miRD-

eep2 analysis has suitable reproducibility for the further analy-

sis, we have compared miRNA expression between NGS and mi-

croarray. Fig. 3 represents the comparison of miRNA expression

between NGS and microarray. Since the correlation coefficient

0.6059 is much lower than that obtained between three techni-

cal replicates (Fig. 1), it is still good enough. One drawback of

NGS is insufficient number of reads that results in vertical array

of points along vertical axis. This suggests that expression of rare

miRNAs was truncated. Since MiSeq’s ability for sequencing

was updated since this study was performed, we can expect that

this truncation will vanish if we can use more updated version of

MiSeq.

Fig. 3 Comparison of logarithmic miRNA expression between NGS and

microarray, for the first replicate in Fig. 1. Person’s correlation co-

efficient is 0.6059.

Since we have found that our methodology,

MiSeq+miRDeep2, successfully reproduced miRNA ex-

pression measured by microarray, we further try to see if

differential logarithmic expression measured by microarray can

be reproduced by NGS.

Fig. 4 Comparison of logarithmic differential miRNA expression between

NGS and microarray, for the first pair (the top left) of replicates in

Fig. 2. Person’s correlation coefficient is 0.5555.
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Fig. 2 Comparison of logarithmic differential miRNA expression between three technical replicates of

HCC sample (patient IDs K 177 and CU 087) measured by NGS analysis.

Fig. 4 shows the comparison of the logarithmic differential

miRNA expression between NGS and microarray, for the first

pair (the top left) of replicates in Fig. 2. Although the correla-

tion coefficients further deceased compared with that of logarith-

mic miRNA expression, the value 0.5555 is still large enough to

conclude that our methodology at least qualitatively reproduced

miRNA expression measured by microarray.

In spite of the simpleness of our treatment, NGC can reproduce

miRNA expression measure by microarray relatively well.

3.2 Discrimination between HCC and normal controls

Although we have demonstrated the usefulness of our method-

ology, MiSeq + miRDeep2, worked pretty well and could re-

produce miRNA expression measured by microarray, it is more

useful if we can also show the biological significance of NGS

measurements. Although there are many possibilities for this, we

have selected to show the usefulness of miRNAs as biomarker.

As previously demonstrated [5], [7], [9], we have applied PCA

based unsupervised FE in order to select miRNAs that can dis-

crminate HCC and healthy controls. Then, we have selected

11 miRNA (miR-10a-5p, miR-122-5p, miR-146b-5p, miR-148a-

3p, miR-192-5p, miR-22-3p, miR-26a-5p, and miR-27b-3p, miR-

10b-5p, miR-143-3p, and miR-21-5p).

Fig. 5 shows the boxplots of selected miRNAs. Table 1 shows

the results of discrimination. HCC and normal control was suc-

cessfully discriminated using optimal number (6) of the first PCs
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Fig. 5 Boxplot of miRNAs selected by PCA based unsupervised FE for the

discrimination between HCC and normal controls. P-values were

computed using two-sided Wilcoxon Rank Sum test. Asterisk indi-

cates a significant difference of p < 0.05.

since accuracy was 0.90. P-values computed by Fisher’s exact

test is less than 7.22×10−4 and AUC is 0.92. Interestingly, in spite

of the good performances, expression of selected 11 miRNAs are

not always distinct between HCC and normal controls. Excluding

two exceptions (miR-122-5p and 22-3p), no miRNAs are signif-

icantly distinct between HCC and normal controls. At a glance,

this looks like a discrepancy. However, it it not a case, since LDA

tried to discriminate between HCC and normal controls not us-

ing individual miRNA expression but using linear combination

of miRNA expression. Thus, individual miRNA expression does

not always have to be significantly distinct between HCC and

normal controls. The reason why miRNAs used for discrimina-

tion were sought among those exhibiting significant difference

between HCC and normal controls was simple because it is diffi-

cult to identify set of miRNAs that cannot discriminate between

HCC and normal controls individually but can discriminate be-

tween them in a group. PCA based unsupervised FE has ability

to easily identify miRNAs that can discriminate between HCC

and normal controls without significant difference as individual

miRNA [5], [7], [9].

Table 1 Discrimination between HCC and normal controls.

Predicted

HCC Normal

True
HCC 12 2

Normal 0 6

3.3 Discovery of novel miRNAs

In addition to these above reported, we have also found a few

novel miRNAs [1]. The criteria to identify novel miRNAs were

1) among the novel miRNAs identified by miRDeep2, those with

a 80% probability of being a true positive, and 2) the miRNA was

reproducibly detected in more than three samples. Based on the

criteria, we have identified hsa-mir-9985, hsa-mir-1843, hsa-mir-

548bc, and hsa-mir-9986 that will be included in the next release

of miRBase [11]. The successful identification of novel miRNAs

demonstrated the ability of miRDeep2 to identify unknown miR-

NAs from NGS data.

4. Conclusion

We have shown in this study that miRNA expression profiles

obtained from NGS analysis are reproducible and are concordant

with that obtained by the standard microarray procedure. More-

over, we have demonstrated that NGS can identify novel miRNAs

that are otherwise undetectable by microarray analysis. HCC was

distinguished from non-tumorous tissue with high diagnostic ac-

curacy, supporting the clinical application of NGS- based miRNA

expression profiling.
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