Limited allele-specific gene expression in highly polyploid sugarcane

Gabriel Rodrigues Alves Margarido, Fernando Henrique Correr, Agnelo Furtado, Frederik C Botha and

Robert James Henry

Supplemental Methods

Read alignment and SNV calling

The Sorghum bicolor genome 454 v3.0.1 (Paterson et al. 2009; McCormick et al. 2018) was
used as a reference to identify SNVs. Annotations from Ensembl Plants 49 (Yates et al. 2020) using
BioMart v2.44.4 (Durinck et al. 2005, 2009) in R v4.0.5 (R Core Team 2021) were added to the original

genome sequence and annotation, downloaded from Phytozome v13 (Goodstein et al. 2012).

Alignment of genomic reads to the sorghum genome was performed with Bowtie 2 v2.4.1
(Langmead and Salzberg 2012). We used end to end (global) alignment with the very sensitive setting,
while requiring fragment sizes to be between 50 and 800 bp and further modified the minimum score
function (--SCORE-MIN L,0.0,-0.8) and indel penalty (--RDG 4,1 --RFG 4,1) to deal with alignment against
sorghum. After read sorting and ordering with SAMtools v1.10 (Li et al. 2009), duplicate reads were
marked with Picard tools v2.23.4 (http://broadinstitute.github.io/picard). Reads were filtered to
remove secondary and supplementary alignments, as well as PCR and optical duplicates. Only reads
with a minimum mapping quality of three were kept, as this allows for a limited number of

mismatches between the read and reference sequences.
The GATK v4.1.8.1 pipeline (DePristo et al. 2011) was used to identify SNVs and call genotypes.
For doing so we first ran HaplotypeCaller (Poplin et al. 2018) individually for each sample, restricting

the genomic intervals to annotated genes and with a padding of 100 bp on both sides. The ploidy



was set to 12, with a heterozygosity value of 0.01 and indel-heterozygosity of 0.001. Next we ran
GenomicsDBImport and GenotypeGVCFs to identify variants and initially filtered the sites to keep only
biallelic SNVs. We loaded the SNVs with VariantAnnotation v1.36.0 (Obenchain et al. 2014) and
filtered sites according to the following criteria: total joint depth for all genotypes between 100 and
10,000, quality score >= 50, FISHERSTRAND <= 80 and -8 < READPOSRANKSUM < 8. Monomorphic sites,
which were different from the sorghum reference but fixed in our sugarcane samples were removed.
We annotated the predicted impact of each SNV based on their relative genomic position with SnpEff

v5.0 (Cingolani et al. 2012).

RNA sequencing, data preprocessing and alignment

The raw reads were processed with Trimmomatic v0.39 (Bolger et al. 2014) to remove lllumina
adapters, allowing a maximum of two mismatches and using parameters PALINDROMECLIPTHRESHOLD 30
and SIMPLECLIPTHRESHOLD 10. The minimum Phred quality for leading and trailing bases was set to 3,
and a sliding window of size four, with an average required quality score of 30, was used to remove
low quality bases. The 13 leading bases were removed to account for random hexamer priming bias.
After  trimming reads shorter than 70 bp were removed. BBDuk v38.79
(sourceforge.net/projects/bbmap) was used to remove contaminating ribosomal RNA reads, based on

the SILVA rRNA database (Quast et al. 2013) and a k-mer length of 31.

For aligning the RNA-seq reads we used the same sorghum genome reference as for the WGS
data. To account for introns in the genome we used the splice-aware aligner HISAT v2.1.0 (Kim et al.
2015) with the known splice sites from the structural gene annotation, with a maximum intron length
of 20 kbp, and again modified the minimum score function (--SCORE-MIN L,0.0,-0.8) and indel penalty

(--RDG 4,1 --RFG 4,1).



Functional enrichment tests

To search for enrichment of gene groups among those with ASE, OrthoFinder v.2.3.12 (Emms
and Kelly 2015, 2019) was used to find clusters of genes conserved in the Liliopsida. The proteomes of
Aegilops tauschii v4.0, Ananas comosus v3, Brachypodium distachyon v3.1, Dioscorea rotundata v1.0,
Eragrostis curvula v1.0, Hordeum vulgare V2, Leersia perrieri v1.4, Musa acuminata v1, Miscanthus
sinensis v7.1, Oropetium thomaeum v1.0, Oryza sativa v7.0, Panicum virgatum v5.1, Saccharum
spontaneum, Setaria italica v2.2, Sorghum bicolor v3.1.1, Triticum aestivum v2.2 and Zea mays v4 from
Phytozome v13 (Goodstein et al. 2012) and Ensembl Plants 49 (Yates et al. 2020) were downloaded.
OrthoFinder was used with default parameters and identified clusters of genes with at least one
representative in each of these species. Based on this analysis we also identified groups of paralogs
that are exclusive to sorghum, the reference genome, but absent from all other species. In parallel,
OrthoDB v10.1 (Kriventseva et al. 2019) was used to find genes that are present in single copy in

sorghum, rice and Brachypodium.

For enrichment tests SNVs with at least 50 genomic reads and 10 or more RNA-seq reads were
selected, and genes were considered to show ASE when they included at least two SNVs with
significant ASE. For each genotype and internode combination we tested for enrichment using
Fisher's exact test, and obtained FDR-corrected p-values according to Benjamini and Hochberg
(1995). In all cases enrichment was tested among Liliopsida-conserved, single copy and sorghum-
exclusive paralogous genes. The depth threshold was used to remove noisy, less informative loci, but
the statistical model accounted for variation in depth, and the majority of sites had higher coverage
(median depths of roughly 1,000 and 200 for higher and lower coverage genotypes, respectively)

(Supplemental Fig S3).

We also searched for enriched Gene Ontology terms among genes with ASE (The Gene

Ontology Consortium et al. 2000). GO terms were assigned to SNV present within each annotated



4
gene. SNVs with a minimum of 50 genomic reads and 10 RNA-seq reads were kept and genes with
less than 10 SNVs removed. For each gene we calculated the median absolute deviation between the
expressed allele ratio and the genomic allele ratio of its corresponding filtered SNVs. Genes were
ranked according to this median deviation and GSEAPreranked v4.0.3 (Subramanian et al. 2005;
Mootha et al. 2003) was used to test for enrichment of functional terms. We tested GO terms with five

or more genes, with 10,000 permutations and no collapsing of gene identifiers.
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