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Abstract

Cell lines are useful for investigating traits of interest e.g. intestinal absorption, feed efficiency and immunity
in farm animals. We earlier investigated an intestinal cell line in pig and a fibroblast cell line in chicken and
found chromosomal abnormalities by whole genome sequence (WGS) data analysis. Results from RNA-
seq allele-specific expression analysis (ASE) in 4 cell lines showed aneuploidy in some chromosomes. In
this paper we show that RNA-seq can be used to detect whole/partial chromosomal abnormalities based
on ASE analysis.

Introduction

Pig and chicken are the primary sources for meat production worldwide and are also important for use as
biomedical models and to study embryonic development. Cell lines are a valuable tool for gaining insight
into genomic architecture and regulatory regions of genomes. Cell lines are derived from specific tissues of a
species, and can either continue to divide endlessly or perish after a specific number of divisions (passages)
(Verma et al., 2020). Immortalized cell lines (i.e. that can be grown indefinitely) often show aneuploidy
(presence of an abnormal number of chromosomes in a cell) or heteroploidy which is most pronounced in
cancer cell lines (Verma et al., 2020; Molina et al., 2021). Animal cell lines from pig or chicken have proven
useful to obtain insight in e.g. intestinal transport and immune function (Nossol et al., 2015).

The phenotype of an individual is determined by gene expression which is a process where information
from genes, encoded within DNA, is translated into proteins through RNA (Hartwell et al., 2015). The
phenomenon of unequal expression between alleles in diploid cells caused by either genetic variation
or epigenetic regulation (cis-regulated gene expression) is known as ASE. Furthermore, non-haploid
chromosomes show imbalances in gene transcriptional activity, implying that chromosomal abnormalities
can influence gene expression of different alleles, resulting in ASE. Our aim was to investigate the usability
of RNA-seq data to identify whole chromosomal abnormalities, with the pig IPEC-J2 and chicken SL-29
cell lines as model.

Materials & methods

Cell lines. The pig IPECJ67 cell line (IPECJ2 cells grown for 67 passages) and chicken SL-29 cell line
(grown for 4 passages) used were obtained from the cell repositories at DSMZ (https://www.dsmz.de/
collection/catalogue/details/culture/ ACC-701) and ATCC (https://www.lgcstandards-atcc.org/products/
all/CRL-1590.aspx?geo_country=nl#generalinformation) respectively. The pig cell line is derived from
intestinal epithelial cells while the chicken cell line is derived from embryonic fibroblast cells.

Data analysis. Pig (Sus Scrofa 11.1) and chicken (Gallus gallus GRCgé6a) reference genomes, together with
ENSEMBL annotations (Sus Scrofa 11.1 release 103 & Gallus gallus GRCg6a release 94) were utilized for
all data analyses of our study.

Whole genome sequencing. Whole genome sequences were trimmed using Sickle v1.33 (https://github.
com/najoshi/sickle) in paired end mode, followed by alignment (bwa mem v0.7.15 (Li., 2013)) of the
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trimmed reads, and removal of duplicates (Samblaster v0.1.26 (Faust and Hall, 2014)). Mate coordinates
were added using samtools (v1.9, Li et al., 2009). Single nucleotide variants (SN'V's) were called using FreeBayes
(v1.3.1), thereafter the read support ratio was assessed for heterozygous variants within the VCF file.

RNA sequencing. RNA-seq data (pig IPECJ67 and chicken SL-29) were trimmed for adapters, and
minimum length using TrimGalore v0.6.4 (http://www.bioinformatics.babraham.ac.uk/projects/trim_
galore/). FastQC v0.11.9 (Andrews et al., 2010) was implemented to evaluate the quality of the data. RSEM
(Li and Dewey, 2011) was used for alignment of the trimmed reads, as well as gene quantification (STAR
v2.7.3a as aligner) (Dobin et al., 2013). Average gene expression level per chromosome was calculated and
plotted using a custom python script with the Seaborn package. Additional raw RNA-seq data from the
PRJNA610529 project was downloaded from ENA. This data comprises a pig Jejunum organoid sample (12
weeks (SAMN14300021), a 5 week old pig Jejunum tissue sample (SAMN14300018), cell lines IPEC]87, an
IPEC]J2 cell line grown for 87 passages (SAMN14300016), and IPECJ91 an IPEC]J2 cell line grown for 91
passages (SAMN14299997). We trimmed, aligned, and completed gene quantification of this data following
the same procedure as the above for the IPECJ67 cell line. These samples were used to compare the average
gene expression levels per chromosome in the tissue, organoid, and cell lines to the IPEC]67 cell line. Initial
ASE analysis was completed with variant calls from WGS data (FreeBayes, Garrison and Marth, 2012) and
aligned reads from RNA-seq using GATK ASEReader (McKenna et al, 2010). Variant calling from RNA-
seq alignments for SL-29, IPECJ67, IPECJ87, and IPECJ91 was completed using FreeBayes and thereafter
allele specific expression analysis was completed using GATK ASEReader implementing the bam and VCF
files. Results from the ASE analysis was plotted using Seaborn package in python.

Results

Chromosomal abnormalities within the cell-line genomes. In a previous study of the cell lines
IPECJ67 and SL-29 we analysed the structure of the genome in multiple aspects using whole genome
sequence data (de Vos ef al. manuscript in preparation). In pig IPECJ67 we observed that chromosome 16 is
diploid and chromosome 17 is triploid based on the frequency of the alleles (data not shown). Additionally,
aneuploidy and structural variations were observed in many other chromosomes in the IPECJ67 cell line as
well as chicken SL-29 (e.g. chromosome 20 is tetraploid).

Allele specific expression. RNA-seq data provides insight into gene expression levels at a chromosome-
wide level. We investigated the expression of genes and transcripts in the pig IPECJ67, IPEC]87, IPEC]91
cell lines, jejunum intestinal tissue and jejunum derived organoid sample (data not shown). We found
elevated gene expression on chromosome 17 in the cell lines compared to organoid and tissue whereas for
the diploid chromosomes 15 and 16 similar gene expression levels across tissue, organoids and cell lines,
with slightly higher expression levels in cell lines were observed. Investigating the allele specific expression
of the IPECJ67 cell line (Figure 1) shows that the frequency of the allele expression displays a pattern that
confirms chromosome 17 as triploid and chromosomes 15 and 16 as diploid.
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Figure 1. Allele specific expression of chromosomes 15(a ), 17( c) for the IPEC)67 cell line supports the ploidy
level of the three chromosomes - allele expression of ~ 0.5 for dlpl0|ds and allele expression of ~0.33 and ~0.7 for
triploids, respectively.
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Further investigation of the ASE and chromosomal abnormalities of the IPEC]2 derived cell lines cultured
for a longer time also showed triploidy for chromosome 17 (Figure 2 ¢,f) in both cell cultures. Interestingly,
chromosome 16 was observed as triploid (Figure 2 b,e) for these cell cultures, which is different from
IPECJ67 which was diploid for chromosome 16 (Figure 1b).

Similar patterns of allele distribution for aneuploid chromosomes detected using ASE are observed on
other chromosomes in pig IPECJ67 and in chicken SL-29 (data not shown). Lastly, we called the genome
variation from the RNA-seq data and repeated the ASE analysis based on the RNA-seq called genome
variation. This resulted in the same ASE results as using the variation called from the genome sequencing
data (data not shown). Thus, genome sequencing is not required to detect genome aberrations based on ASE.

Discussion

Detecting chromosome abnormalities in e.g. cell lines is important as such abnormalities may influence the
results obtained in cell line assays, especially if genes involved in the process studied show copy number
variation as this will result in deviating expression (Figure 1c). Chromosome ploidy can be investigated
by e.g. cytogenetic and whole genome sequencing methods, but these methods are generally not applied
in standard cell-line research. As RNA-seq is (becoming) the general method used for gene expression
detection, also in cell-lines, we investigated the potential of implementing RNA-seq as a tool for detecting
chromosomal abnormalities through variant calling, ASE analysis and plotting the allele ratios. We
observed similar patterns of allele support ratios from WGS variant calling and RNA-seq allelic expression
variants. This suggests we do not need WGS data for detection of chromosomal abnormalities. We show
that a larger number of passages of the IPEC]2 cell line results in an increased level of aneuploidy. Thus, our
approach, using RNA-seq, is a sufficient and cost-effective tool to detect aneuploidy, which we suggest to be
regularly applied in cell line experiments.

Figure 2. ASE for IPEC)2 derived cell lines cultured for a longer time (passages). IPEC)87 (a) chromosome 15, (b)
chromosome 16, (c) chromosome 17. IPECJ91 (d) chromosome 15, (e) chromsome16, (f) chromosome17.
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