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������������� ��� ��� ���� �������� ������� ������ ��������������� ��� ���������� ������������ ��� ��������
�����������������������������������������������������������������������������������������������
����–������
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���� ������� ���� ���������� ���������������� ����� �������� ������������ ���������������������� ���
������� ������ ������������ ������� ���������� �������������� ����������� ����� ���������� �����
�������������������–�����

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�



Function of microRNAs in tomato fruit development and ripening	 123

5

 

 

�

������� ���� ���������� ��� ���������� ���������� ��� MIR156/157� ���� MIR172� ������ ����� ��������
Arabidopsis����������������������������Arabidopsis����������������������������������������������������
��������������������������������������������������������������������MIR156b��d h������157d��������
����� ������ ���������� ��� ��������� ��� ����� ������� ���� ������ ��������� ����������� ���� ������ ��� ����
������������������������������������������������ �����������������������������������������
��������������������������������������Sly Ch08 �����������������������������������������������
��������� ���� ���� �������� ��������� ����� ������ ������������ ���� ����������� ���������� ����������� ����
�������������������������������������������������������������Arabidopsis� ����MIR156f��
�������������� ����MIR156d������������������������������������������������������MIR172��
���� ������� ������ ����������� ���� ��������� ��� ���� ������� ������ ��� ���� ����������� ���� �����������
��������������������� ��������������� ����������� �������MIR172 Ch05 ����MIR172 Ch11 �����
�������Arabidopsis�MIR172b���������������� ����MIR172c�������������������������������������
�������������
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��������� ������� ����������� ���������� ��� ����������� ��� ���� �������� ��� ����� ������� ����� �������
��������������������������������������������������������������������������������������������������
������� ����������� �� ����������� ptc MIR156b�� ���� Arabidopsis� ����������� �� ����������� ath
MIR156e�������������MIR172 Ch05 2�����������������������������������������������MIR172 Ch11
1� ��� ����������� ���� ������� ������������ �� ���� ���� ����������� ptc MIR172a� ���� ���������
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������������� Sequence (5’�3’)� ������������
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��� ������������������������� �����������

e��� ������������������������� �����������

e��� ����������������������� �����������

SlAP2��� ����������������������� �����������

SlAP2��� ������������������������� �����������
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� � � � � � � �
Mapped counts, normalized (per million) Uniquely mapped counts, normalized 

Chromosome Start End Strand Name Reference SGN Unigene 
Potato homolog 
(miRbase) 5DAP MG Br RR Total 5DAP MG Br RR Total 

miR156/157 
 � � � � � � � � � � � � � � � �SL2.40ch02 29897678 29897771 + MIR157d Salinas et al. 

 
stu-mir156a 0 0 0 0 0 0 0 0 0 0 

SL2.40ch02 29898721 29898814 + 
 � �

stu-mir156b 0 0 0 0 0 0 0 0 0 0 

SL2.40ch02 47055512 47055595 + 
sly-MIR156b/c; 
MIR157c  miRBase/Salinas et al. 

 
stu-mir156c 0 0 0 0 0 0 0 0 0 0 

SL2.40ch03 61720034 61720161 + MIR156_Ch3 
 � �

11 3 12 4 30 11 3 12 4 30 
SL2.40ch06 39241672 39241780 - sly-MIR156a; 157b miRBase/Salinas et al. U598750 stu-mir156d 0 2 0 1 2 0 2 0 1 2 
SL2.40ch07 324082 324177 + MIR156b Salinas et al. 

 �
6 6 0 1 13 6 6 0 1 13 

SL2.40ch07 48503777 48503871 + 
 � �

stu-mir156e 0 0 0 0 0 0 0 0 0 0 
SL2.40ch07 58834541 58834633 - 

 � � �
1 1 2 3 7 1 1 2 3 7 

SL2.40ch07 64534504 64534598 - 
 � � �

1 0 3 1 5 1 0 3 1 5 
SL2.40ch08 49122870 49122973 - MIR156d Salinas et al. 

 �
6 4 1 3 14 4 2 0 2 8 

SL2.40ch08 49142584 49142678 - MIR156_Ch8-2 
 

Presumed part of a 
polycistronic messenger 

stu-mir156h,i,j,k 1 1 3 2 6 1 1 3 2 6 
SL2.40ch08 49143049 49143144 - MIR156e Salinas et al. stu-mir156h,i,j,k 0 3 2 4 9 0 1 1 1 3 
SL2.40ch08 

 �
- MIR156f Salinas et al. stu-mir156h,i,j,k 

 � � � � � � � �
0 

SL2.40ch08 49143533 49143628 - MIR156g Salinas et al. stu-mir156h,i,j,k 0 3 3 5 11 0 1 1 3 5 
SL2.40ch08 49143788 49143883 - MIR156h Salinas et al. stu-mir156h,i,j,k 2 10 27 4 44 2 10 27 4 44 
SL2.40ch08 49154386 49154488 - 

 � � �
2 4 0 0 6 0 3 0 0 3 

SL2.40ch08 49276195 49276291 + 
 � � �

0 1 1 1 2 0 0 0 0 0 
SL2.40ch12 3275345 3275461 - MIR156_Ch12 

 �
stu-mir156f 6 5 16 4 31 6 5 16 4 31 

miR172 
 � � � � � � � � � � � � � � �

0 
SL2.40ch04 4093787 4093941 - 

 � �
stu-mir172c 20 23 7 6 55 19 23 7 5 55 

SL2.40ch05 62347695 62347798 + MIR172_Ch5-1 
 �

stu-mir172d 2 2 0 0 4 2 1 0 0 3 
SL2.40ch05 64339675 64339770 + MIR172_Ch5-2 

 �
stu-mir172b 108 76 10 2 197 108 76 10 2 196 

SL2.40ch06 654159 654300 + MIR172_Ch6_1 
 � �

4 3 1 2 9 4 3 0 2 9 
SL2.40ch06 42918731 42918846 + sly-MIR172a miRBase U590304 stu-mir172a 3 28 2 5 38 1 12 2 3 18 
SL2.40ch10 63061186 63061270 + 1 0 0 0 2 1 0 0 0 1 
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transcription factor genes that completely inhibit normal ripening, suggesting that they are “master 

regulators”. Studies using CRISPR/Cas9������������� ������������������������ ���������������������
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date cp

► 
24 Mar 2016 1.5

► 
Feb 2016 2.5

► 
4.0

date cp

► 
28-29 Jan 2016 0.6
9-10 Feb 2017 0.6
11-12 Feb 2019 0.6

► 
15 Dec 2015 0.3
 21 Jan 2016 0.3
28 Feb 2017 0.3
 30 Jan 2018 0.3
31 Jan 2019 0.3

► 
11-12 Apr 2016 0.6
10-11 Apr 2017 0.6
9-10 Apr 2018 0.6
8-9 Apr 2019 0.6

► 
15 Dec 2016 0.3
 14 Jun 2017 0.2
29 Aug 2017 0.1

14-15 Sep 2017 0.6

 20 Nov 2017 0.1
9 Feb 2018 0.1
 8 Mar 2018 0.2

6 Jun 2018 0.1
22 Jun 2018 0.2

 10 Sep 2018 0.1

 13 Nov 2018 0.1

 13 Nov 2018 0.1
► 
► 

4-6 Oct 2017 0.8
30 Sep- 4 Oct 2018 1.1

5-7 Nov 2019 0.8
► 

12-14 Dec 2016 1.0
10-11 Apr 2017 1.0

25 Apr 2017 1.0
 4-6 Oct 2017 1.0
5 Dec 2017 1.0

30 Jan 2018 1.0

30 Sep- 4 Oct 2018 1.0

1 Oct 2018 1.0
4 Dec 2018 1.0

12 Feb 2019 1.0

8-9 Apr 2019 1.0

 5-7 Nov 2019 1.0

Annual Experimental Plant Sciences Meeting, Lunteren, NL

EPS PhD Student Days "Get2Gether 2016", 2 days, Soest, NL

EPS theme symposia

EPS PhD student days

EPS Theme 1 Symposia 'Developmental Biology of Plants', Leiden, NL

The 15th Solanaceae Conference, Chiang Mai, Thailand

Poster: CRISPR/Cas9-mediated mutagenesis in tomato, Lunteren, NL

Poster: Re-evaluation of transcription factor function in tomato fruit development and ripening with 
CRISPR/Cas9-mutagenesis, Lunteren, NL
Talk: CRISPR/Cas9-mutagenesis for revisiting the role of master regulators in tomato ripening, 1st 
PlantEd conferencePlant Genome Editing -State of the Art, Novi Sad, Serbia

Talk: Re-evaluation of transcription factor function in tomato fruit development and ripening with 
CRISPR/Cas9-mutagenesis, The 15th Solanaceae Conference, Chiang Mai, Thailand
Talk: Thematic Meeting Bioscience, Wageningen, NL

Poster: Re-evaluation of transcription factor function in tomato fruit development and ripening with 
CRISPR/Cas9-mutagenesis, The 15th Solanaceae Conference, Chiang Mai, Thailand

Seminar of Claire Périlleux 'Flowering in tomato, Arabidopsis and Sinapis', Wageningen, NL

Seminar of Sanjay Kapoor ‘Regulators of Reproductive Development in Rice’, Wageningen, NL
Workshop 'Functional Plant Bioinformatics - PLAZA', Ghent, Belguim

International symposia and congresses

Seminar plus

Talk: Re-evaluation of transcription factor function in tomato fruit development and ripening with 
CRISPR/Cas9-mutagenesis, EPS PhD Student Days "Get2Gether 2019", Soest, NL

10th International PhD School Plant Development, Retzbach, Germany

1st PlantEd conferencePlant Genome Editing -State of the Art, Novi Sad, Serbia

EPS PhD Student Days "Get2Gether 2017", 2 days, Soest, NL
EPS PhD Student Days "Get2Gether 2019", 2 days, Soest, NL

1st Symposium 'WURomics: Technology- Driven Innovation for Plant Breeding', Wageningen,NL
KEYS symposium 'Boosting Crop Productivity', KeyGene, Wageningen,NL

KNAW Symposia 'CRISPR-Cas - From Evolution to Revolution', Wageningen, NL
Seminar of Bob Schmitz ‘Epigenomic Studies of Natural and Induced Epialleles in Plants’, NIOO-KNAW, 
Wageningen, NL
100 years WUR symposium 'Food for Future', Wageningen, NL
Seminar of Lucia Strader 'Condensation of the ARF19 transcription factor regulates its activity', 
Wageningen, NL
Seminar of Rosanna Petrella ‘Transcriptional and epigenetic regulation of STK during flower development 
in Arabidopsis’, Wageningen, NL
Seminar of Emanuela Franchini ‘The role of ALOG family genes in inflorescence patterning in rice and 
Arabidopsis’, Wageningen, NL

Presentations

Poster: Epigenetic and transcriptional regulation of tomato fruit ripening, Wageningen, NL

Seminar of Annette Becker 'A phylogenetic framework for carpel development regulation: mixing and 
matching old with new', Wageningen, NL

Education Statement of the Graduate School   

Experimental Plant Sciences   

First presentation of your project

Issued to:
Date:
Group:
University:

Writing or rewriting a project proposal

1) Start-Up Phase 

Epigenetic and transcriptional regulation of tomato ripening

Epigenetic and transcriptional regulation of tomato ripening

Seminars (series), workshops and symposia

Lunteren Days and other national platforms

MSc courses

EPS Theme 1 Symposia 'Developmental Biology of Plants', Leiden, NL

Annual Experimental Plant Sciences Meeting, Lunteren, NL

EPS Theme 4 Symposia 'Genome Biology', Amsterdam, NL

Annual Experimental Plant Sciences Meeting, Lunteren, NL
Annual Experimental Plant Sciences Meeting, Lunteren, NL

EPS Theme 1 Symposia 'Developmental Biology of Plants', Wageningen, NL

EPS Theme 1 Symposia 'Developmental Biology of Plants', Wageningen, NL

Subtotal Start-Up Phase

2) Scientific Exposure 

Talk: Thematic Meeting Bioscience, Wageningen, NL
Poster: Regulatory network interactions in tomato fruit ripening, Retzbach, Germany
Talk: Thematic Meeting Bioscience, Wageningen, NL
Talk: CRISPR/Cas9-mediated mutagenesis for understanding fruit ripening in tomato, EPS Theme 1 
Symposium, Wageningen, NL

CONTINUED ON NEXT PAGE



► 
► 

14 Oct 2016 0.2
5 Mar 2019 0.2

23.0

date cp

► 
12-14 Dec 2016 1.0
17-18 May 2018 0.6

16 Aug 2018 0.1
► 

Sep 2015- Oct 2019 3.0
► 

4.7

date cp

► 
1-2 Dec 2015 0.6
11 Feb 2016 0.3
8 Nov 2017 0.3

13 Nov 2017- 23 Jan 2018 1.8
► 
► 

Subtotal Personal Development 3.0

date cp

► 
► 

4 Sep- 24 Dec 2017 0.7
19 Feb- 2 Jun 2018 0.7

1.4

36.1

* A credit represents a normative study load of 28 hours of study.

5) Teaching & Supervision Duties

Subtotal In-Depth Studies

Individual research training

Literature discussion group at Bioscience-Plant Developmental Systems

Workshop Linux Shell, Wageningen, NL

Tomato world
Dekker Chrysanthemum

3) In-Depth Studies

Subtotal Scientific Exposure

Excursions

EPS PhD course 'Transcription Factors and Transcriptional Regulation', Wageningen, NL

EPS introduction course, Wageningen, NL
Brain Training, Wageningen, NL
Scientific Writing, Wageningen, NL

Information Literacy for PhD including EndNote introduction, Wageningen, NL

TOTAL NUMBER OF CREDIT POINTS*

Courses

Subtotal Teaching & Supervision Duties

Herewith the Graduate School declares that the PhD candidate has complied with the educational requirements set by the Educational Committee of EPS 
with a minimum total of 30 ECTS credits. 

Supervision of BSc/MSc students 

Advanced scientific courses & workshops

Journal club

Supervision of BSc student Marlot Westera
Supervision of BSc student Jurian de Graaf

Organisation of meetings, PhD courses or outreach activities

Membership of EPS PhD Council

3rd year interview

Introduction to R for Statistical Analysis, Wageningen, NL

4) Personal Development

General skill training courses
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of tomato fruit ripening

Rufang Wang
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INVITATION

Herewith I would like to invite 
you for the public defence of 

my PhD thesis entitled

Genetic and epigenetic 
regulation of tomato 

fruit ripening

on Tuesday, February 18, 2020 
at 11:00 am.

in the Aula of Wageningen 
University

Rufang Wang
wangrufang1362@hotmail.com

Paranymphs 
Vera Veltkamp

vera.veltkamp@wur.nl

Michiel Lammers
michiel.lammers@wur.nl



Propositions 

1. Tomato fruit ripening is a complex process with different layers of regulation.  

(this thesis) 

2. The phenotype of spontaneous mutant alleles does not necessarily reflect the normal function 
of the underlying gene. 

(this thesis) 

3. P value is over-rated as a measure of significance, instead one should analyse data from 
multiple angles to decide on its certainty. 

(Wasserstein et al., 2019. The American Statistician 73, 1-19) 

4. The trend of recent scientific programmes to work in multi- and interdisciplinary teams will 
come at the expense of quality and breakthroughs in the different scientific fields.  

5. Baking a cake is more difficult than doing a qPCR. 

6. The strict regulation of crops from CRISPR/Cas-mutagenesis as GMO in Europe slows down 
the innovation in breeding and agriculture.  

 

 

 

 

 

Propositions belong to the thesis, entitled: 

Genetic and epigenetic regulation of tomato fruit ripening 

Rufang Wang 

Wageningen, 18 February 2020 
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