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Abstract
XBP1s is a transcription factor for many proteins. It’s an isoform of the protein XBP1
which is spliced during the Unfolded Protein Response (UPR) after a large production of
protein in the endoplasmic reticulum (ER). Research about XBP1 is recent and we don’t
know the precise mechanism behind its operation. This is a computational biology
study that focuses on the expression of XBP1s around the clock to find repetitive
patterns and differences/similarities between male and female.

Introduction

X-box binding protein 1 (XBP1) has a large scale of effects and touches several
primordial metabolic mechanisms of cells. For this reason, XBP1 may draw attention to
different parts of its action area such as ER stress response, secretory function, lipid
metabolism, glucose homeostasis, inflammatory response [1] and immunity
differentiation. Because of that, there are also a lot of related diseases like cancer
(breast, liver…), diabetes and neurodegenerative diseases like Alzheimer's disease. In
this report we will talk first on the mechanism behind the splice of XBP1 then about the
method of research and finally we will analyze the results.

I XBP1 splicing events

1 UPR mechanism
XBP1 plays a significant role in the unfolded protein response (UPR). The endoplasmic
reticulum (ER) has an important role in the synthesis, assembly and folding of proteins.
Perturbation of the homeostasis of the ER leads to misfolding proteins which provoque
ER stress (ERS). This stress can be caused by multiple factors such as oxidative stress,
hypoxia, protein overexpression, nutriment deprivation, calcium depletion. The ER
chaperone-binding immunoglobulin protein (BiP or GRP78), normally binds to the sensor
proteins which inhibit their activity, will dissociate from the transducers in response to
the accumulation of misfolded proteins. It will provoque the activation of
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inositol-requiring enzyme 1 (IRE1) and protein kinase R (PKR)-like ER kinase (PERK).
Activating transcription factor 6 (ATF6) liberated from BiP will translocate to the Golgi
apparatus. It will then be cleaved to release the N-terminal domain that acts as a
transcription factor (TF) to initiate UPR [1].
This response is constituted of three signaling pathways which are recognized by the
following ER sensor proteins in mammalian cells: IRE1, PERK, and ATF6 [2]. By those
pathways, the UPR will promote the transcription of chaperones and folding enzymes
that will increase the protein folding capacity of the ER, inhibit protein translation, and
transport misfolded proteins to the cytosol in order to degrade them. It can also cause
apoptosis if it can’t relieve ERS.

Fig.1: Activation of the three UPR pathways [3]

2 XBP1 in UPR
In the UPR, ATF6 will induce XBP1 transcription by binding to the ER stress response
element (ERSE) [5] but It’s IRE1 that will activate XBP1. Mammalian cells express two
isoforms of IRE1: α and β. During ERS periods, activated IREα will recognize the stem-loop
structure of XBP1 mRNA containing the consensus sequence (5’-CUGCAG-3’) and promote
splicing by cleaving 26 intronic nucleotides. [1] [4]. This spliced mRNA will be translated
into XBP1 spliced (XBP1s) instead of an unspliced XBP1 (XBP1u). XBP1s is an
transcription factor (TF) (active) which regulates expressions of UPR target genes (ER
chaperones:Dnajb9, Dnajb11, Pdia3 and Dnajc3, ERAD component: Edem1, Herpud1, and
Hrd1, folding enzyme: Pdia6, ER translocon: Sec61a1) [1].
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3 Splicing event
This very unconventional splicing of XBP1 occurs in the cytosol allowing a quick
production unlike conventional one that occurs in the nucleus dependent on the catalytic
function of spliceosomes. It is cleaving 26 intronic nucleotides and translates from 267
amino acids (mice) in XBP1u to 371 in XBP1s by a frameshift (fig.3A) that alters the
position of the codon stop resulting in a larger protein (fig.3B). It causes a total
modification of the C terminus of XBP1s that enables it to regulate target gene
transcription and leads to a different biological function than XBP1u (fig.2) [6]. “While
IRE1α can form large clusters that have been proposed to function as XBP1 processing
centers on the ER, the actual oligomeric state of active IRE1α complexes as well as the
targeting mechanism that recruits XBP1 to IRE1α oligomers remains unknown.”[7]

Fig. 2: Pathophysiological functions of XBP1-u and XBP1-s [6] Fig. 3: Structural differences between the two splicing
………………………………………………………………………………………………………………………………………..……….isoforms of XBP1 [6]

II Methods of research

We analyzed the expression of XBP1s in RNA-seq (sequencing) samples from different
datasets. For that, scripts were written using tools Kallisto and STAR for the
quantification of the data and snakemake to optimize the script. The datasets that we
used are the Atger dataset [8], Zhang dataset [9], Weger dataset [10] and others from the
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NCBI [11] [12]. We used IGV to visualize some sashimi plots and UCSC browser to see
different XBP1 isoforms (Xbp1s and Xbp1u). During this research we tried to answer 3
main questions:
1.Does the expected expression appear ?
2.Can we see some distinctable pattern in the expression of Xbp1s around the clock ?
3.Is the expression of XBP1s different between male and female ?

III Results and interpretation

Results that you will see in 1-2-3 paragraphs were made by a script that quantified Xbp1s

and XBP1u expressions using Kallisto and Snakemake ( for optimization).

1 Atger dataset

Fig. 4: Ratio of Xbp1s/Xbp1u of Ad Libitum samples from Atger dataset
Fig. 5: Xbp1s expression of Ad Libitum samples from Atger dataset normalized and averaged
Fig. 6: Proportion of Xbp1s/Xbp1u of Ad Libitum samples from Atger dataset
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Those samples are very interesting (Fig. 4) because of the small gap between each sample
(2 hours) that allowed a good representation of the expression of XBP1s. They are from
mouse liver with an Ad Libitum diet. After some treatment: min/max normalization and
averaged we obtain the Fig.5. This graph is very interesting because we can distinguish a
pattern of around 11 to 12 hours and not 24 hours as many circadian genes are (note that
Xbp1 is not proven to be a circadian gene for now). Which leads to the question: Is XBP1
a circadian gene or is it independent of the circadian clock ?
Fig. 6 shows us that a small concentration of Xbp1s compared to Xbp1u is needed to
make an adequate response. We can explain this by the fact that Xbp1u facilitates UPR
activation and prevents overactivation [13].

2 Zhang dataset

Fig. 7: Ratio of Xbp1s/Xbp1u from Zhang dataset in blue, light blue curve is an artificial curve that doesn’t represent a real curve

From this database we see a pattern (Fig. 7) of 17 hours which is a bit far from what we
had before with the Atger dataset. It can be explained by the fact that the sampled
frequency is 6 hours and that we expected a frequency of 12 hours. The fact that the real
frequency is about 2 times the sampled frequency means that the signal is probably
aliased and doesn’t represent reality. We need to have a sampled frequency less than 6
hours to have a correct representation of the expression of Xbp1s.
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3 male/Female comparison & Weger dataset

★ male
★ female

Fig. 8: Xbp1s expression for male and female of Calorie-restricted diet (mouse) samples from NCBI dataset [11], normalized and
averaged
Fig. 9: Xbp1s expression for male and female of Ad-libitum diet (mouse) samples from NCBI dataset [12], normalized and averaged
Fig. 10: Xbp1s expression for male and female of Restricted feeding diet samples from Weger dataset, normalized and averaged
Fig. 11: Proportion of Xbp1s/Xbp1u of Restricted feeding diet female samples from Weger dataset
Fig. 12: Proportion of Xbp1s/Xbp1u of Restricted feeding diet male samples from Weger dataset

With the NCBI Calorie-restricted diet and the Weger dataset we can easily distinguish
similarities in the curves of Fig. 8 and in the curves of Fig. 10. Those curves have, pair to
pair, the same shape and are synchronized. Hence, It appears that the variation in the
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ratio between Xbp1s and Xbp1u is the same for male and females. However, it seems that
the gap between min and max values may be larger for male in the Weger dataset (see
Fig. 11 and Fig. 12). This tendency can be observed too with the NCBI dataset (Fig. 8 and
Fig. 9).

4 Sashimi plot

Fig. 13: Sashimi plot of aligned RNA-seq from Atger dataset Restricted feeding, the first one (up) is at 10h and the second one (down)
at 14h
Fig. 14: Representation of Xbp1s (up) and Xbp1u (down)
Fig. 15: Xbp1s expression of Restricted feeding samples from Atger dataset normalized and averaged

In This part, we’ve taken the data from Atger dataset Restricted feeding 10h and 14h
(same data as Fig. 15) to see in another perspective if our results are coherent. To start,
with Fig. 15 we see that the sample of 10 hours and 14 hours have a ratio of Xbp1s/Xbp1u
significatively at the opposite. Hence, we expect to have in the sashimi plot a distinction
that shows the presence of Xbp1s in the 14 hours sample that is less in the 10 hours
sample. In order to see this sashimi plot (Fig. 13), we used the tool STAR and we put the
result on IGV to see it. The Fig.14 shows the splice on the exon 4 that should be seen on
the sashimi plot. If we observe this sashimi plot (Fig. 13), we distinguish less expression
in the middle of the exon 4. The variation is more clear on the 14 hours sample than for
the 10 hours sample. Because Xbp1s hasn’t this little part that has Xbp1u when the ratio
of Xbp1s/Xbp1u increases this part in the middle of the exon 4th is less expressed than
the others parts that are expressed by both isoforms. This gap in the exon 4th shows us
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well that the 14 hours sample has more Xbp1s than the 10 hours sample (in comparison
to Xbp1u) which was what we expected to see.

Conclusion

Xbp1s is a rhythm gene of around 12 hours and It needs to be taken into consideration
when choosing the time interval between samples. It means to have an interval smaller
than 6 hours. It appears also that a small concentration of Xbp1s (compared to the
concentration Xbp1u) is sufficient for the organism to function correctly. As we
explained above, Xbp1u facilitates UPR activation and prevents overactivation.

Rhythm patterns in Xbp1s expression are the same for male and female and are
synchronized. However, It appears that the difference between the min/max value is
stronger for male than for female. It may come from a stronger UPR reaction or a more
effective inhibition of IRE1 that spiced XBP1u. More specific research needs to be done.
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