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Introduction

Study Design

Results

Fig.1 Comparison of three RNA-seq datasets and Combo, a combined dataset 
from the three. (A) The number of differentially expressed genes (DEGs) were 
positively associated with sequencing depth. The numbers of DEGs identified in the 
three datasets and Combo are indicated by bars (left y-axis), while the percentages 
of the number of DEGs compared to that in Combo are indicated by dots (right y-
axis). (B) Overlap of DEGs in the three datasets and Combo. A total of 467 common 
DEGs accounted for at least 50% of total DEGs in each dataset. (C) Key AFB1 
toxicity pathways were enriched by all four datasets in Tox Analysis of Ingenuity 
Pathway Analysis. Bars indicate -log(p-value) while dots overlap ratios. -log(p-value) 
> 2 was considered significantly enriched. 

DEG detection power was positively correlated with sequencing depth.
Key pathways underlying AFB1-induced liver toxicity may be preserved with

reduced sequencing depth to a minimum of 20 M.
RNA-seq had overall better statistical performance than other high-throughput

platforms in pathway enrichment to gain toxicity insight.
Library construction using the same protocol was key to reproducibility in

toxicological interpretation of RNA-seq data.
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Ingenuity Toxicity Lists

RNA-Sequencing (RNA-seq) has emerged as a standard
approach for toxicogenomics research. Under the 3-R (reduce,
refine, and replace) principles for animal welfare protection, three
animals per group are commonly used in current toxicogenomics
studies. It is critical to understand how toxicological interpretation
of RNA-seq data may be affected by key technical elements of
RNA-seq, such as sequencing depth and library construction,
when only three biological replicates are used. We conducted a
comprehensive comparative analysis to address this question
using rats treated with aflatoxin b1 (AFB1), a model hepatotoxin
and focusing on key mechanisms of AFB1 toxicity. We compared
differential gene expression and pathway enrichment in multiple
RNA-seq datasets, which were generated from identical samples
but with varying sequencing depths and library preparation. A
cross-platform analysis was also performed by comparing data
from RNA-seq, microarray, TempO-seq, and qPCR using the same
samples.

Sequencing Depth (million reads)
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Fig.2 Comparison of five datasets sub-sampled from Combo. (A) The number of 
DEGs were positively correlated with sequencing depth. The numbers of DEGs 
identified in the sub-sample datasets are indicated by bars (left y-axis), while the 
percentages of the number of DEGs compared to that in 20M are indicated by dots 
(right y-axis). (B) Overlap of DEGs in the sub-sampled datasets. A total of 491 
common DEGs accounted for > 50% of total DEGs in each dataset. (C) Key AFB1 
toxicity pathways were preserved in all datasets in Tox Analysis of Ingenuity Pathway 
Analysis. Bars indicate -log(p-value) while dots overlap ratios. -log(p-value) > 2 was 
considered significantly enriched. 

CA B

-lo
g(

p-
va

lu
e)

O
verlap R

atio

2

4

6

8

10

0.0

0.1

0.2

0.3

0.4

20 M (ratio)
40 M (ratio)
60 M (ratio)
80 M (ratio)
100 M (ratio)

20 M
40 M
60 M
80 M
100 M

LP
S/

IL
-1

 M
ed

ia
te

d 
In

hi
bi

tio
n 

of
 R

XR
 F

un
ct

io
n

N
R

F2
-m

ed
ia

te
d 

O
xi

da
tiv

e 
St

re
ss

 R
es

po
ns

e

A
ry

l H
yd

ro
ca

rb
on

 
R

ec
ep

to
r S

ig
na

lin
g

p5
3 

Si
gn

al
in

g

M
ec

ha
ni

sm
 o

f G
en

e 
R

eg
ul

at
io

n 
by

 P
er

ox
is

om
e 

Pr
ol

ife
ra

to
rs

 v
ia

 P
PA

R
α

C
A

R
/R

XR
 A

ct
iv

at
io

n

Fa
tty

 A
ci

d 
M

et
ab

ol
is

m

Xe
no

bi
ot

ic
 M

et
ab

ol
is

m
 

Si
gn

al
in

g

N
on

ge
no

to
xi

c 
H

ep
at

oc
ar

ci
no

ge
ni

ci
ty

B
io

m
ar

ke
r P

an
el

Li
ve

r P
ro

lif
er

at
io

n

Ingenuity Toxicity Lists

Lib1_HiSeq2000 TempO-seq

Microarray

A B

C

Fig.3 Cross-platform comparison. (A) Overlap of DEGs identified by RNA-seq 
in the Lib1_HiSeq2000 dataset, TempO-seq, and microarray analysis. Areas in 
the Venn diagram are proportional to the number of DEGs. (B) Overlap of DEGs 
identified in qPCR and four RNA-seq datasets with varying sequencing depths. 
(C) Top 10 enriched toxicity lists using DEGs from RNA-seq, TempO-seq, and 
microarray analysis. RNA-seq yielded overall higher overlap ratios and 
significance powers compared to TempO-seq and microarray. Bars indicate -
log(p-value) while dots overlap ratios. -log(p-value) > 2 was considered 
significantly enriched.  Combo
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