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Abstract

In most of the studies using Next Generation Sequencing, the normalization step is
performed to adjust the total number of short reads to quantitate the expression of
biomolecules such as mRNA. This preprocessing is based on the assumption that the
total number of the sequenced reads is constant across different biological conditions
and conducted to remove technical variability. Normalized expression values such as
count per million are relative expression values, losing information on absolute amounts.
However, in aging and cancer research, it has been reported the assumption that the
total number of reads is constant across conditions does not hold. In this study, based
on a simple theoretical analysis, we present that log fold-change in absolute abundance
can be expressed by the observed log fold-change of relative abundance plus log
fold-change of total abundance. The logic presented in this study focuses on the
relationship between global and local change in omics research. It can be used as a
quick check on how a differentially expressed gene in an omics study based on relative
abundance should be interpreted in terms of absolute abundance.
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Introduction 1

Next Generation Sequencing (NGS) is widely used in the life sciences to obtain 2

comprehensive biomolecular information. By comprehensively sequencing RNA and 3

DNA, this technology can quantify various biological information such as transcriptome 4

and epigenome as short read counts. In particular, the approach of comparing gene 5

expression levels between groups to identify Differentially Expressed Genes (DEG) is a 6

standard RNA-seq experimental design [5]. In most cases, Next Generation Sequencing 7

(NGS) measurements are not designed to quantify absolute abundances, so a 8

normalization step is performed to adjust the total number of reads [11]. This 9

preprocessing is based on the assumption that the total number of the sequenced reads 10

is constant across different biological conditions and conducted to remove technical 11

variability. Normalized expression values such as count per million (CPM) are relative 12

expression values, losing information on absolute amounts. Under this assumption, the 13

changes in relative molecule count can be directly interpreted as changes in absolute 14

molecule counts. 15

However, in aging and cancer research, cases have been reported in which the 16

assumption that a total number of reads is constant across conditions does not hold. 17
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With aging, total RNA has been reported to decrease in several species [7–9]. This can 18

affect the interpretation of RNA-seq interpretation in aging study [3, 6]. It has been 19

suggested that total RNA may be altered in cancer cells compared to normal cells [1]. 20

Although there are some experimental and computational methods designed to capture 21

the absolute abundance of mRNAs in RNA-seq [1, 4], most published studies identify 22

the age-related gene based on relative abundance using NGS technology. The difference 23

between aging-related genes based on relative abundance and those based on absolute 24

abundance has not received much attention. 25

In this study, based on a simple theoretical analysis, we present the simple 26

relationship established between total, relative, and absolute molecule abundance. The 27

logic presented in this study can be used as a quick check on how a differentially 28

expressed gene in an omics study based on relative abundance should be interpreted in 29

terms of absolute abundance. 30

The relationship between total, relative and absolute 31

abundance 32

Using standard RNA-seq as an example, we derived an equation relating relative 33

abundance to absolute abundance. The graphical examples of absolute, total, and 34

relative abundance are shown in Figure 1. Let Xi and Yi be the absolute mRNA 35

abundance of the molecules of i-th gene in two groups, respectively. The total RNA 36

abundances Tx and Ty are calculated as follow: 37

TX = ΣN
i=1Xi

TY = ΣN
i=1Yi

where N is the number of all genes. Then, the observed relative abundance values xi 38

and yi in the genomics study are expressed by the following equation. 39

xi =
Xi

Tx

yi =
Yi

Ty

The following relationship equation holds between the log fold-change of the genes 40

reported in the paper and the log fold-change in absolute abundance, which cannot be 41

directly observed. 42

log(Yi/Xi) = log(yi/xi) + log
Ty

Tx

Log fold-change in absolute abundance (log(yi/xi)) can be expressed by the 43

observed log fold-change of relative abundance (log(yi/xi) plus log fold-change of total 44

abundance (log
Ty

Tx
). The log fold-change of total abundance represents the global 45

change in that molecule. The logic presented in this study focuses on the relationship 46

between global and local change in omics research. 47

If the global log fold-change decreases in Sample Y, genes with decreased relative 48

abundance in Y also should have decreased absolute abundance. Given that total RNA 49

expression decreases with age, genes identified as decreased in the old sample should also 50

be decreased in absolute abundance. In addition, the recent single-cell RNA-seq analysis 51

study reported that the number of genes that decrease with aging is greater than the 52

number of genes that increase with aging [10], and this proposition is also true for 53
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absolute abundance. On the other hand, genes identified as elevated in the old sample 54

may not necessarily be elevated in absolute abundance if the fold-change is small. 55

This argument can also be applied to the interpretation of the results of epigenomic 56

data analysis using NGS. For example, a recent study examined the global aging changes 57

in various histone marks associated with aging using mass cytometry [2]. These results 58

about the total molecular abundance of histone marks will be useful in interpreting the 59

other results of ChiP-seq studies to detect specific age-related genomic regions. 60

Sample X Sample Y

Gene1 Gene2 Gene3 Total
abun
dance

Absolute 
abundance

6 6 2 14

Relative 
abundance

6/14 6/14 2/14 1

Gene1 Gene2 Gene3 Total
abun
dance

Absolute 
abundance

4 2 2 8

Relative 
abundance

6/8 6/8 2/8 1

Figure 1. Graphical example of the absolute, total and relative abundance. The absolute
abundance is the number of molecules in the mRNA sample. The total abundance is
the sum of the absolute abundance for all genes and is examined in molecular biology
experiments that differ from omics experiments. The relative abundance is the value
observed in omics experiments using NGS. In this study, we have shown the log fold-
change in the absolute abundance of each molecule can be expressed as the sum of the
log fold-change in the relative abundance and the log fold-change in the total abundance.
The figure was created with Biorender (https://www.biorender.com/).

Conclusion 61

Log fold-change in absolute abundance can be expressed by the observed log fold-change 62

of relative abundance plus the log fold-change of total abundance. The logic presented 63

in this study can be used as a quick check on how a differentially expressed gene in an 64

omics study based on relative abundance should be interpreted in terms of absolute 65

abundance. 66
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