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Genome-wide prediction of transcription start site
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Abstract — Current draft annotations for sequenced conifer
genomes are preliminary and limited, but provide opportunities
for further structural and functional analysis. We attempted to
improve the existing genome annotations by marking 5’-UTRs
in the four conifer species Pinus taeda, Picea glauca, Picea abies
and Larix sibirica. Prediction of transcription start sites (TSS)
was performed on the promoter sequences of genes with RNA
or protein support using TSS prediction program TSSPlant.
The distribution of 5°’-UTR lengths from the annotations of
several model plants was used to select the best prediction per
gene. Frequency of TATA(A/T)A(A/T) motif in the predicted
TSS-centered promoter regions showed a pronounced peak
around 60 bp upstream of TSS.
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Introduction

Conifers are an ancient group of plants represented by
more than 600 species that play major role in boreal forest
ecosystems. Due to the enormous size and highly repetitive
nature deciphering conifer genomes takes more time and
effort than many other plant species. In the last years several
mega-genomes of conifer species were sequenced and
assembled to the draft state. Their current annotations are
preliminary and limited, but provide opportunities for
structural and functional analysis. Understanding of
regulatory relationships between genome elements requires
information on promoter sequences, which are usually located
directly upstream or at the 5' end of the transcription start site
(TSS). Here we present our attempts to improve the existing
genome annotations by predicting TSSs and marking 5’-UTRs
in the four relatively recently published species Pinus taeda,
Picea glauca, Picea abies, and Larix sibirica.
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Materials and Methods

A. Genome Assemblies and Annotations

The following genome assemblies and annotations of four
conifer species were used: Pita v2_01 for Pinus taeda [1, 2],
PG29 v3.0 for Picea glauca [3, 4], Pabies v1.0 for Picea abies
[5], and genome assembly under GenBank accession
NWUY0000000000 (BioProject PRINA393226) together
with the unpublished draft annotation data for Larix sibirica

[6].
B. Gene Filtering

To filter out possible pseudogenes and putative predicted
coding sequences that do not present functional genes all gene
models retrieved from genomic annotations were aligned
against the database of RNA-seq data, including ESTs and
TSAs, of a corresponding species using hisat2 alignment
program. To additionally verify selected gene models we
aligned corresponding protein products to Refseq plant
protein sequences using blastp program.

C. Transcription Start Site (TSS) Prediction

Prediction of putative TSSs was performed in the promoter
sequences of selected genes, which were defined as regions of
-1000 and +250 bp around the start codon, using TSSPlant
program [7] and selection of the best prediction based on the
distribution of 5°-UTR lengths from the annotations of several
model plants.

D. GC;s, CG-skew and Frequency of TATA motif

Nucleotide frequency analysis of promotors was
performed on TSS-centered sequences (-1000 and +200 bp
around TSS). Frequencies of CA and TATA motifs were
calculated with a sliding window (width = 40 bp, increment
step = 10 bp) using stringr package for R. CG-skew of a given
sequence was defined as a proportion (C-G)/(C+G) and



calculated with sliding window width of 50 bp and window
increment step of 10 bp along the promoter sequence. GC3 was
calculated using gene sequences with removed introns (only
joined exons were used) and seqinr package for R.

Results

Aligning to RNA-seq, ESTs, and Refseq protein data
allowed to retrieve 9260 evidence supported gene models for
P. taeda, 16853 for P. glauca, 7587 for P. abies, and 23077
for L. sibirica (Table I). For these genes (both TATA and
TATA-less) TSSs were predicted using TSSPlant algorithm.
Frequency of TATA(A/T)A(A/T) motif in the predicted TSS-
centered promoter regions showed pronounced peak around
60 bp upstream of TSS (Fig. 1A). All four species have similar
GC; distribution with the average around 0.3 and GC; gradient
that gradually decreases after 250 bp from the start of coding
sequence (Fig. 1B). In contrast to what was observed in
A. thaliana, O. sativa, and some other plant species, CG-skew
in four conifer species exhibited distinct decline right before
the TSS (Fig. 1C).

TABLE L SUMMARY OF ASSEMBLIES AND ANNOTATIONS
Assembly Sum Number RNA/Refseq
Assembly length, supported
N50 of genes
Gb genes

P. taeda v2 01 100 218 20.43 36732 9260
P. abies v1.0 7747 9.9 58 587 10 434
PG29v3 34 405 20.8 103 694 16 839
L. sibirica 3098 5.6 50163 23077
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Fig. . Frequency of TATA(A/T)A(A/T) motif in the TSS-centered
promoter region (A), GC3 gradient of coding sequences (B), and CG-skew
around TSS (C).
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