
 
Cover Page 

 
 

 
 
 

 
 
 

The handle http://hdl.handle.net/1887/35768 holds various files of this Leiden University 
dissertation. 
 
Author: Klerk, Eleonora de 
Title: Mechanisms controlling mRNA processing and translation: decoding the regulatory 
layers defining gene expression through RNA sequencing 
Issue Date: 2015-09-30 

https://openaccess.leidenuniv.nl/handle/1887/1
http://hdl.handle.net/1887/35768
https://openaccess.leidenuniv.nl/handle/1887/1�


MECHANISMS CONTROLLING
mRNA PROCESSING AND TRANSLATION:

Decoding the regulatory layers defining gene expression
through RNA sequencing

Eleonora de Klerk



ISBN: 978-94-6182-593-3

Cover image: The journey of a PhD student
Cover design and layout: A.G. Termorshuizen and E. de Klerk
Printed by: Offpage

© 2015 Eleonora de Klerk. All rights reserved.
Copyright of the individual chapters rests with the authors, 
with the following exceptions:
Chapter 1, section 1: Elsevier
Chapter 2: Oxford University Press
Chapter 4: Oxford University Press

No part of this book may be reproduced, stored in a retrieval 
system, or transmitted in any form or by any means, without 
the prior permission in writing of the author.

Publication of this book was financially supported, in part,
by the Department of Human Genetics, LUMC.



MECHANISMS CONTROLLING
mRNA PROCESSING AND TRANSLATION:

Decoding the regulatory layers defining gene expression
through RNA sequencing

PROEFSCHRIFT
 

ter verkrijging van
de graad van Doctor aan de Universiteit Leiden,

op gezag van Rector Magnificus prof.mr. C.J.J.M. Stolker,
volgens besluit van het College voor Promoties

te verdedigen op woensdag 30 september 2015
klokke 11.15 uur

 
door

 
Eleonora de Klerk

geboren te Catania, Italië
in 1983



Promotor:		  prof.dr. J.T. den Dunnen
Co-promotor:		  dr. P.A.C. ’t Hoen

Promotiecommissie:	 prof.dr. P. Devilee 
			   prof.dr. R. Agami(1)

			   dr. A.G. Jochemsen
			   dr. M. von Lindern(2)

			   prof.dr. B. Wieringa(3)

(1) Nederlands Kanker Instituut (NKI), Amsterdam; Erasmus MC, Rotterdam
(2) Sanquin Research and Landsteiner Laboratory, AMC/UvA, Amsterdam
(3) Radboud UMC, Nijmegen



“Research is to see what everybody has seen,
and to think what nobody else has thought”

Albert Szent-Györgyi
Bioenergetics, 1957(*)

(*) Concise version, originally from
Arthur Schopenhauer   

Parerga und Paralipomena, 1851





TABLE OF CONTENTS

7

TABLE OF CONTENTS
Chapter 1	 Introduction  .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   9
	 1.	 Alternative mRNA transcription, processing and translation .  .  .  .  .  .  .  .  .  .  .  .  .              11
	 1.1	 Initiation of transcription: alternative promoters  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .                    12
	 1.2	 Splicing: alternative exons .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .                                 14
	 1.3	 3’ End maturation: alternative polyadenylation .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .                     17
	 1.4	 From mRNA to protein: alternative translation initiation .  .  .  .  .  .  .  .  .  .  .  .  .  .  .                18
	 1.5	 Transcription, RNA processing, and translation: interdependent processes  .   .   .   .   . 22
	 2.	 RNA sequencing: from Tag-based profiling methods to resolving complete
		  transcript structure  .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   . 25
	 2.1	 Tag-based methods .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   . 26
	 2.1.1 	 3′ End sequencing  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .                                     26
	 2.1.2 	 5′ End sequencing  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .                                     30
	 2.1.3 	 5′ and 3’ End sequencing  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .                                 32
	 2.2 	 Shotgun methods .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   . 32
	 2.3	 Full-length sequencing .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 34
	 2.4	 Immunoprecipitation-based methods  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .                          35
	 2.5	 Ribosome profiling .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .                                     36
	 2.6	 From bulk transcriptome to single cell .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .                          37
	 3.	 The scope of this thesis  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .                                  38
	 References .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .                                              38

Chapter 2	 Poly(A) binding protein nuclear 1 levels affect alternative polyadenylation .  .  .  .  .      51

Chapter 3	 Deep SAGE reveals genetic variants associated with alternative
		  polyadenylation and expression of coding and non-coding transcripts  .  .  .  .  .  .  .        73

Chapter 4	 Assessing the translational landscape of myogenic differentiation by
		  ribosome profiling  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .                                     99

Chapter 5	 Full-length mRNA sequencing uncovers a widespread
		  coupling between transcription and mRNA processing .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .                137

Chapter 6	 General Discussion .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .                                   155
	 1.	 Current limitations in the RNA-sequencing field  .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .  156
	 2.	 Additional regulatory mechanism shaping gene and protein expression  .  .  .  .  .  .      157
	 3.	 Connecting fundamental research in the RNA field to clinical care .   .   .   .   .   .   .   .   .  161

Summary	  .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .  174
Samenvatting (summary in Dutch) .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .                                  176
Curriculum vitae .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .                                            179
List of publications .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .                                           181


