UC Irvine
UC Irvine Previously Published Works

Title
Global and quantitative profiling of polyadenylated RNAs using PAS-seq.

Permalink
https://escholarship.org/uc/item/6w17579K

Authors

Yao, Chengguo
Shi, Yongsheng

Publication Date
2014

DOI
10.1007/978-1-62703-971-0_16

Copyright Information
This work is made available under the terms of a Creative Commons Attribution License,

availalbe at https://creativecommons.org/licenses/by/4.0/

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/6w17579k
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/

1duosnue Joyiny 1duosnuep Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
Methods Mol Biol. Author manuscript; available in PMC 2015 April 28.

-, HHS Public Access
«

Published in final edited form as:
Methods Mol Biol. 2014 ; 1125: 179-185. doi:10.1007/978-1-62703-971-0_16.

Global and Quantitative Profiling of Polyadenylated RNAs Using
PAS-seq

Chengguo Yao and Yongsheng Shi

Abstract

mRNA alternative polyadenylation (APA) has been increasingly recognized as a widespread and
evolutionarily conserved mechanism for eukaryotic gene regulation. Here we describe a method
called poly(A) site sequencing that can not only map RNA polyadenylation sites on a
transcriptome level but also provide quantitative information on the relative abundance of
polyadenylated RNAs. This method has been successfully used for both global APA analysis and
digital gene expression profiling.
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1 Introduction

In eukaryotes, a large portion (3070 %) of genes have been estimated to produce mMRNAs
bearing multiple alternative 3’ ends, a phenomenon known as alternative polyadenylation
(APA) [1, 2]. To globally characterize APA, early experimental studies used various
microarray platforms [3-5]. In these studies, APA changes are monitored by calculating the
ratio between the average signal intensities of the probes targeting the extended regions
found only in the longer APA isoforms and those of the probes for the common regions.
Although these microarray-based methods can be used to detect APA changes, there are
several serious limitations. For example, microarrays cannot be used to map polyadenylation
sites (PASSs), and the quantification is challenging, especially for genes with more than two
APA isoforms.

In the past several years, many high-throughput sequencing (HTS)-based methods have been
introduced for global characterization of mMRNA polyadenylation [1], which can be generally
classified into three distinct types. The first type, called direct RNA sequencing (DRS) [6],
is based on the Helicos single-molecule sequencing platform. As polyadenylated RNAs are
directly captured and sequenced by synthesis without library construction, DRS is believed
to be more quantitative. However, when compared to other more commonly used HTS
systems such as the Illumina platform, the disadvantages of DRS include lower read counts,
shorter read length, higher error rate, and lack of multiplexing capacity [7]. The second
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method, called 3P-seq, utilizes a series of enzymatic steps designed to map the true 3’ ends
of polyadenylated RNAs [8]. However, 3P-seq is labor intensive, and experimental bias may
be introduced at various steps. The third type and most commonly used HTS method,
including poly(A) site sequencing (PAS-seq), is based on oligo(dT)-primed reverse
transcription [9-11]. The advantages of this method include its simplicity and quantitative
performance. One limitation is the possibility of oligo(dT) primers hybridizing to internal A-
rich RNA sequences, thereby identifying false-positive PASs. Computational methods can
be applied to identify and remove the majority of these sites. In addition, various
modifications have been introduced to this basic method to reduce internal priming and
facilitate library construction and sequencing. For example, PAS-seq takes advantage of the
SMART reverse transcription system in library construction [12]. Using this method, reverse
transcription and linker addition on both ends are accomplished in one step, thereby
significantly simplifying library construction. Additionally, HTS is carried out on the
Illumina platform using a custom sequencing primer, which allows sequencing to start at the
poly(A) junction and avoid the problematic A stretch at the beginning of the reads. Below
we describe the detailed protocol for PAS-seq and offer technical advice on optimization
and troubleshooting.

2 Materials

2.1 Solutions

1. Ammonium acetate (10 M).
2. 100 % Ethanol.
3. 1xTBE buffer (89 mM Tris base, 89 mM boric acid, 2 mM EDTA).

2.2 Enzymes, Reagents, Equipment

1. Trizol (Life Technologies).
Dynal Beads (dT),5 (Life Technologies).
10x RNA Fragmentation Buffer (10x Fragmentation Reagent, Life Technologies).
10x Stop Buffer (10x Stop Solution, Life Technologies).

2
3
4
5. 6x DNA Loading Dye (Thermo Scientific).
6. Glycogen (Life Technologies).

7. RNAseOUT (Life Technologies).

8. Superscript 111 reverse transcriptase (Life Technologies).
9. QIAquick PCR purification kit (Qiagen).

10. Phusion DNA polymerase (New England Biolabs).

11. 25 bp DNA ladder (Promega).

12. QIAquick Gel Extraction kit (Qiagen).

13. NanoDrop 1000 (Thermo Scientific).
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14. PCR Thermal Cycler (Eppendorf).

2.3 Primer Sequences

3 Methods

HITS-5":
CGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATCTr (GGG).
HITS-3"

ACACTCTTTCCCTACACGACGCTCTTCCGATCTTTTTTTTTTTTTTTTTTTTVN
(V:AIC/G; N:AIT/C/G).

PE 1.0:

AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTC
CGATCT.

PE 2.0:

CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGCT
CTTCCGATCT.

PAS-seq:

ACACTCTTTCCCTACACGACGCTCTTCCGATCTTTTTTTTTTTTTTTTTTTT.

3.1 Poly(A+) RNA Purification

1. Purify total RNAs from cells/tissues using Trizol or other reagent as per
manufacturer’s instructions.

2. Purify poly(A+) RNAs from total RNAs using Dynal Beads (dT),5 as per
manufacturer’s instructions.

3.2 Poly(A+) RNA Fragmentation

1. Prepare the following mixture:

9 ul poly(A+) RNA (0.5-1 ug).

1 pl 10x RNA fragmentation buffer.

Incubate at 70 °C for 10 min (minutes).
2. Add 1 ul STOP buffer (10x), and leave on ice for 2 min.
3. Add:

190 pl H,0.

50 pl ammonium acetate (10 M).

750 pl 100 % ethanol.

0.5 pl glycogen (20 pg/ul).
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Incubate on dry ice for 10 min, and spin at top speed in a microfuge for 15 min at
4 °C.
4. Rinse the pellet with 70 % ethanol, air-dry the pellet, and resuspend it in 22 pl of
H,0.

3.3 Reverse Transcription (RT)

1. Prepare the following mixture:

22 pl RNA.

2 ul HITS-3" (12 uM).

2 ul dNTP mix (10 mM).

Incubate at 65 °C for 5 min and then on ice for 5 min.
2. Add:

8 ul 5x First-strand reverse transcriptase buffer.

2 Wl DTT (0.1 M).

2 Wl HITS-5 (10 uM).

2 ul RNaseOUT (40 U/ul).

2 I Superscript 111 reverse transcriptase (200 U/ul).

Incubate at 50 °C for 30 min, then 42 °C for 30 min, and 90 °C for 5 min, and

cool down to room temperature.

3.4 First-Round PCR mplification of cDNAs

1. Add 60 ul of H,O to the 40 pl RT reaction, and isolate cDNAs using the QIAquick
PCR purification kit. Elute cDNA from the column with 40 pl of H,0.

2. Prepare the following PCR mixture (50 pl total volume):
36.4 pl cDNA.
10 ul 5% High-fidelity phusion polymerase buffer.
1 ul PE-1.0 primer (12 uM).
1 pl PE-2.0 primer (12 pM).
1 pl ANTP mix (10 mM).
0.5 ul High-fidelity phusion polymerase (2 U/pl).
Run the following PCR program:

1. 98°C30s.
2. 98°C10s.
3. 60°C30s.
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72°C30s.

Go to step 2 twice.
72 °C 5 min.

4 °C HOLD.

1. Add 10 pl of 6x DNA loading dye to the PCR reaction, and run the above PCR
reaction on a 2 % agarose gel.

2. Cut out 200-300 bp band.

3. Extract DNA using QIAquick Gel Extraction kit, and elute DNA from the columns
with 40 ul H,0.

3.6 Second-Round PCR Amplification of cDNA Fragments

1. Prepare the following PCR mixture (50 ul total volume):

36.5 pl cDNA (eluate from the previous step).

10 ul 5x High-fidelity Phusion polymerase buffer.

1 pl PE-1 primer (12 pM).

1 pl PE-2 primer (12 pM).

1 pl dNTP mix (10 mM).

0.5 pl High-fidelity phusion polymerase (2 U/pl).

Run PCR program:

1
2.

3
4,
5
6

7.
2. Purify D

98 °C 30s.

98 °C 10s.

65°C 30s.

72°C30s.

Go to step 2 14 times.

72 °C 5 min.

4 °C HOLD.

NA using QIAquick PCR purification kit.

3. Run 10 % of the PCR product on a 2 % agarose gel to examine the size. A typical
gel picture of the library is shown in Fig. 1.

4. Measure

the DNA concentration using a Nanodrop spectrophotometer, and adjust

the concentration according to the requirement of your sequencing facility.

5. Submit the library for sequencing on an lllumina Genome Analyzer or Hi-Seq
using a custom sequencing primer (PAS-seq).

Methods Mol Biol
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3.7 Bioinformatic Analysis

1

5.

The PAS-seq raw reads are first trimmed by removing Ts from the beginning of the
reads.

The remaining sequences are mapped to the proper reference genome using Bowtie
with the setting (-n 2 -m 1 -s 1) (up to two nucleotide mismatches and one unique
match to the reference genome allowed) [13].

To address the internal poly(A) priming issue, mapped reads that have six or more
consecutive As or seven As in total within the ten nucleotides downstream of
mapped poly(A) junction are removed.

PASs that are found within 40 nt of one another are likely due to heterogeneity of
the cleavage reaction and are thus pooled together, and the weighed average
position of all the PASs are designated as the final PAS. This process is repeated
iteratively until there is no more PAS found within 40 nt.

For further bioinformatics analysis, please refer to references 9-11, 14.

4 Trouble-Shooting Tips

1

It is important to purify the cDNAs after the RT step and remove unused RT
primers. Otherwise the RT primers may be used in the PCR amplification, and
produce DNAs with incomplete linker sequences.

The purpose for the first short PCR step is to convert cDNAS into double-stranded
DNAs. Gel purification helps to make sure that the DNASs are relatively
homogenous in size, therefore minimizing the possible amplification bias.

Be extra careful with each DNA purification step. Maximize the recovery by
eluting twice.

The low-cycle-number PCR is important for quantification. If the starting RNA
amount is low, PCR cycle number may be increased to obtain the necessary DNA
amount. However this may negatively influence the quantification performance.

If sequencing using the custom primer is not possible at your sequencing facility,
one can change the orientation of the library by redesigning the primer sequences
such as sequencing reads start at the 5’ end of the corresponding RNA sequence
and read into the poly(A) tail. For this approach, we usually gel purify 175-225 bp
DNA fragments and perform single-end 100 nt sequencing.

PAS-seq can be used for digital gene expression profiling (DEG) analysis. RNA-
seq, one of the most commonly used methods for DEG analysis, relies on the
average read counts over the entire genes for quantification. As each mRNA has
only one 3’ end, PAS-seq and related methods should be at least as accurate as
RNA-seq for DEG analysis [14].

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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DNA PAS-seq
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Fig. 1.
PAS-seq library. 10 % of the second-round PCR reaction (Subheading 3.6) is resolved on a
2 % agarose gel to check the size of DNA fragments
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