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Abstract

Abstract

Rice is not only one of the most important food crops in the world, but also is the
model plant of monocots. Two subspecies of rice (represented by cultivars japonica
Nipponbare and indica 93-11) were widely planted throughout China's north and
south regions, and it had certain adaptability on the environment and climates.
Transcriptome is a collection of all transcripts in cells under specific physiological
conditions. Through transcriptome analysis during developmental process of rice, we
could understand the role of gene expression regulation. Polyadenylation is an
important biological event, where pre-mRNA is cleaved and was added to a poly(A)
tail in the 3'UTR post-transcriptionally. Poly(A) plays its role in mRNA nuclear
export to cytoplasm, mRNA stability, and the formation of a translational initiation
complex. However, the 3’-end information of genes about rice is scares. Most
previous studies did not reveal the poly(A) sites at the nucleotide level. Hence, we
used a poly(A) tag sequencing approach (PAT-seq) to investigate the genome-wide
landscape of alternative polyadenylation (APA) and poly(A) signals (PAS) in 14
different tissues and developmental stages of both rice subspecies, Japonica and
Indica, and revealed the relationship of APA and QTL (Quantitative trait loci) using
statistical methods. We comprehensively and systematicly studied the dynamic
changes of the APA in the development of rice and the effect of APA in the regulation
of gene expression. We further investigated the role of APA in the growth of rice,
which will provide for new view for understanding the post-transcriptional regulation
of the development of rice and provide potential basis for future breeding work.

(1)To study the 3'-end of genes during the different developmental stages and
tissues of rice, we used a poly(A) tags sequencing (PAT-seq) protocol and identified
136,955,352 PATs and 68,220 poly(A) site clusters (PACs), which were dispersed in
28,032 genes. Of these genes, 13,419 genes (47.9%) had more than 2 PACs. It was
suggested that extensive APA event occurred in the growth of rice. PACs in the

mature pollen were the most and nearly half PACs were from the introns, which were
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enriched in the following pathways, including energy production, defense and core
amino acid of pollen. Principal component analysis (PCA) and cluster analyses found
that the expression model of PACs in mature pollen was different from other tissues
and the single nucleotide profile around PAS in mature pollen were also distinguished
from other tissues. To probe into the reason why of such differences, the expression
levels of several poly(A) factors in mature pollent were found very different from
other tissue. This is indicative of the change poly(A) site selection is associated with
the change in the expression level of these poly(A) factors. We further found that
many APA switching happened during development of rice, and many genes tend to
use distal PAC in the early developmental stages of rice while tend to use proximal
PAC in later stages, and APA site switching was able to change the expression level of
genes. Meanwhile, we found that differentially expressed (DE) PAC and DE genes
were two independent biological events in the growth of rice and they were enriched
in different biological processes. Through statistical analysis, we found that QTL tend
to use APA genes. This may be associated with QTL controlled by many genes, and
thus QTL can be finely regulated using APA. Highly expressed PACs were mainly
enriched in the following QTLs, including plant height, days to heading, spikelet
number, 1000-seed welight, root dry weight, tiller number, panicle number, panicle
length and grain yield, indicated that the potential role of APA in the determination of
important agricultural traits. By comparing the PAT-seq data of two sub-species of
rice, we found that a cold stress response factor, OsDREB1F, use APA in Japonica
Nipponbare but not in Indica 93-11, indicating that APA may be involved in
post-transcriptional regulation of the genes and potentially enhance low temperature
tolerance.

(2) To study the 3'-end of genes during the different developmental stages and
tissues of 93-11 using PAT-seq, we obtained 137,398,368 PATs and 63,502 PACs,
dispersed in 28,032 genes. Of these genes, 10,724 genes (42%) had more than 2 PACs.
This result demonstrated that extensive APA also occurred in the development of
indica rice. Tissue specific PAC in mature pollen was the most and half PAC was from

intron of gene the same as japonica Nipponbare, which was mainly enriched in the
\Y
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