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1.1.  PcG genes provide a developmental memory in D. 

melanogaster 
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1.1.1.  PcG genes in D. melanogaster 

��"�������
�����������

���������������	��������	���	�����������������������������

��������������	����� ������������
����������������������������������������	��������

G������	� ������ 	��������� ���� �:�)::�$)-��� &�:�'� ���� =��G67�R� &=R'�

	���
����� ��	���� �����	�������� ��	����� ����� 	�����
� �������� ���������� ��� 	�

� ������

�
����������������<�������������������������������
������-&
)�
���,�	���������������

���������������������	�����������������$��5�&��5'�����
������������������������

�������������������������������	�	���������&����

��������
���������������
��'������

����������� ����	������ 
���� ���� ���������	�	� �������� &
���� ���� ��	���� 
��'�

&%����
��>?OA'��.������"�����������������
�������������������������	���������������

&�����
��'����� ������<���������������������	���������� �����:��	���
��� �������<�

��������<� ������	�	� 
����� %������ ��"� ������� ���� 
����
� &���� ��� ���
�� 
�����'�� ����



Chapter 1 Introduction 

4 

���
�������������<���������������������� �����������	���������� �����:������=R�

	���
����� &%����
� ���� =��
���� >?OAF� ,��������� >??CF� 7�������� ���� $����� AKKBF�

%	�
���"�����$���������AKK@'��

�

=��	����	�
� �������� ��� $	0� ��������� �����
��� ����� ����� ����	����� ��� ��
������	�

	���
������ 
��	�� ���
���� ���� 	������ ����������� ���������� ��� 
����� ������

	���
��������������� ������������������������ ���-&
)�
���,�	���*�$��79��$�
�	����

7���������� 9���
��� >� &$79>'� ���� $�
�	���� 7���������� 9���
��� A� &$79A'�� ����

$��79� 	���
��� 	�������� ���� $ )�6G6�)6��9� &$G6'� ���� �%+�=�� ���������

&,
������� ��� �
��� AKKM'F� ���� $79>� 	�������� ���� $6%�)7�67� %)R� 96�=%� &$%9'��

$6 S96�=� &$9'��$6 SG6�)6��9� &$G'�� %)R�96�=%�)R�7�� &7�:0'����������

&%���� ��� �
��� >???'�� ���� ���� $79A� 	�������� ���� )R�7�� %)R� 96�=%� &)%9'��

):G�:9)7�6+�Q)%��&)&Q''��$6 S96�=� �,)�&$ 9'��$CC�����%($$7)%%67�6+�

Q)%��>AT�&%(&Q'>A'����������&9"����������
���AKKAF���

�������
���AKKA'��

������
�����+������>��>�� ��������������	���
����� ��������������-&
)�
���,�	��������

����� ���������� ���	������ ��� ���� ��
��	���� ����
���� ����� 	��� ��� ����
���� ��� ����

��	�������������������
�	����������������������	������������������
������������	���	�

�����������������������������������������������������������
�������������

�

�



Chapter 1 Introduction 

5 

�

Figure 1. 1: PcG proteins form three complexes, PRC1 (blue), PRC2 (red) and 

PhoRC (green). In D. melanogaster, these complexes are recruited to the PRE by a 

combination of DNA binding activities carried by PHO, DSP1, and GAF. E(Z) 

trimethylates lysine 27 of histone H3, and the chromodomain of PC (PRC1) 

recognize histone H3K27me3 mark. dRING monoubiquitylates lysine 119 of histone 

H2A. dSFMBT has affinity for monomethyl K20 and dimethyl K20 of histone H4 

although the relevance of this property for its PcG function is not clear (Schwartz 

and Pirrotta, 2008). 
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1.1.2. Mode of action of the PRC1 and PRC2 complexes in 

repressing gene expression in D. melanogaster 
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1.2.  PcG genes in A. thaliana 
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1.2.2. Control of vernalization response 
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Figure 1. 2: The four genetic pathways of flowering are linked to the Floral Pathways 

Integrators LEAFY (LFY), Flowering Locus T (FT) and Suppressor of CO 

overexpression (SOC1) through the genes CONSTANS (CO) and Flowering Locus 

C (FLC) (Parcy, 2005). 
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Figure 1. 3: The ABCE model for floral organ specification. a: An Arabidopsis flower 

consists of four whorls of floral organs. Each organ type is specified by a 

combination of activities, which are mediated by the floral homeotic genes. The so-

called A function genes control the development of sepals and petals; the B function 

genes regulate petal and stamen development; and C function genes control the 

development of stamens and carpels. Furthermore, A and C function genes are 

predicted to act antagonistically to establish mutually exclusive domains of activity. 

E function genes are required for the specification of all organ types. (b-e) Flowers 

of floral homeotic mutants. b: apetala2 (A function); c: pistillata (B function); d: 

agamous (C function); e: sepallata1-4 quadruple mutant (E function) (Krizek and 

Fletcher, 2005). 
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1.3. The curly leaf (clf) mutant 

1.3.1. The Clf- phenotype 

�
!
 �
����� �������� �� ������� ���������� ������� ����������� ����
�������� �� ��

� �
!�

��������� ����	��� �
��������	� ����	��� ��� 
���� ������
����� �
�
��� ������ ����������

�����
�
�����������&0�����	������
���>??@'�&+������>��B'��7�����������	��
����
������

���������
�����	��
���

�
��������
����������
������������
�
������������
����	�����

���� ����
�� ���
� ��� ���
� ���� �
���
����������
������ ���

������������
��� ����� ���
�
��

����� ���� �������	� ���������������� &����
P	����
F� ����
P������'� 	��� ��� ���������

&0�����	������
���>??@'���



Chapter 1 Introduction 

18 

�

�

�

Figure 1. 4: The Clf- phenotype. Wild type (Ler) and clf-2 plants growing under Long 

Days (LD) conditions. clf-2 mutants bolt and form flowers earlier than Ws plants. 
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1.3.2. AG is ectopically expressed in clf plants 
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1.3.3. AG and CLF interact genetically 
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Figure 1. 5: Genetic interaction between CLF and AG. ag-3 and ag-3 clf-2 plants 

grew under Shorth Days (SD) conditions. ag-3 clf-2 mutants bolt and form flowers 

earlier than ag-3 mutants. 
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1.3.4. CLF is a PRC2-like member 
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1.3.5. CLF is a putative histone methyltransferase (HMTase) 
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1.4. Redundancy masks the role of CLF 

������ ��� ������	�� ���
���� �����9 +� ����)�+A� �	�� ��������� ��� ���� ����� 	���
���

&/���������
���AKKO'�������)!������������������	���������������������������������

����
���������� �
!
 ���� 	+�� ���� ��� ��� 
���� ����	���� ����� ���� ����
��������� �
!
 	+���

������ ���
 	+�� ��������� �����	�� ���� 9
�<� ���������� &9������������� ��� �
��� AKKB'��

�������������������������� ������� ��	�����������
��
����%;<�� �������������������

������������ ��� ���� ����� ���
�� ����� %;<� ���� �� � ������ ���� ����� �������� ���

���������������������������������
�������&0�����	������
���>??@F�9����������������

�
��� AKKB'�� 	+�� �������� ��� ���� ���
� ����
�������
� ����	��� ������� ����������� ���

�������	����� ����
�������� 	+�� �
����� 
���� 
���� 
�
�� ����� �
������ ��� ���� ����
��

��������
!
	+��� ���������
�����������������������
�����������������������������
�����

�������� �� 	�

��<
���� ���������� ��
�� ����
�� ��� ���7����� 	���������� &+������ >�� M'�

&9�����������������
���AKKB'���

�

�

Figure 1. 6: Phenotype of double PcG gene mutants partially redundant in A. 

thaliana. (a) clf-50 swn-3 double mutant grown in tissue culture. (b) vrn2-1 emf2-3 

double mutant grown in tissue culture. (Chanvivattana et al., 2004; Schubert et al., 

2005). 
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1.5.  The PRC1 in A. thaliana 
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1.6. Genetic screen to find new PcG genes 
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1.6.1. Identification of PcG and trxG genes in D. melanogaster 
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1.6.2. Identification of PcG genes in A. thaliana 

�������� ��� ���� $79A� ����&
 ���
����� ����� ����� �
��� ����������� ��� ������	� �	������

&���
�� >�� >'�� +��� �����
��� ����  ������9���$<��<-���<-�<�
 %��-� & �%'�

�������*�#��� ������

����������� �%��� ��� ������

����������� �%*� ���� �%��
����

���
����� ���� ����������� ����� �� �������� ����
������ ��� ������������ ��� ���� $�<�

&$����

���<'������������������	��

����&��'��������������������
�8����
�����������������

!�	��������� ��� ���� ��� ��	�������� ����� 
���� ��
�8���� 	���������� ����
������ �������

����� ������� �����
�"������ ���� ���� �		��� &9��������� ��� �
��� >??@'�� �
���� �� � ����

�# ��
�������������������������������	������������������
�������
���
�
�����������

����������� &0�����	�� ��� �
��� >??@F� S������� ��� �
��� AKK>'�� =�<�� ���� =�<�� 
����

���
����� ����� �� �	����� ���� �
������ �����
�"������ ��������� ��� !���� �� ������� ��� ����

����������� ����
��� ����� 	�����������
�� ����������  ��� ����������� &+������ >�� A'�

&,�������AKKB''�&9����
�������
���>??M'��

�

0�����	��	������������������$	0��������������&
���
������������������������		�����
����

���-&
)�
���,�	��������������
���������&�'�����&
���
��������	��	����������������$79A�

��� ����������������� ���

������ ����
�� &�������89:� ��� ����������������� ��%;<� ����

#��'�� &��'� ���� ����������� ��������� ��� �&
 ���
����� ���� 
���� ���	���	� ����� ��� -&


)�
���,�	��������&���'�����������������������������������������&
���
��������
��������

������������������-&
)�
���,�	�����



Chapter 1 Introduction 

25 

1.6.3. Mutagenesis of the clf mutant background 
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Figure 1. 7: Spectrum of phenotypes of PcG mutants reflects the level of PcG 

activity. Removing single PcG gene activity such as SWN has only subtle effects on 

development, whereas removing single PcG gene activity as CLF or EMF2 exhibit 

more severe defects suggesting that they play an important role in development. 

The clf swn double mutant likely lacks all PcG activity during post-germination 

development. Subsequently, the double mutant clf swn is only viable in tissue 

culture. 
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1.6.4. T-DNA mutagenesis of Clf- plants with an activation-

tagging vector 
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No steroid + steroid

�

Figure 1. 8: Phenotype of the clf-50 pCLF:CLF-GR transgenic line with and without 

steroid. The CLF activity is chemically restored by the dexamethasone treatment 

(right) whereas without treatment (left), the CLF activity is absent. Dexamethasone 

(1 µM) was applied twice a week by direct spraying. All plants were grown under 

Long Days (LD) conditions. 
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�

Figure 1. 9: Diagram of the pSKI074. 4x35Se: are the 4x35SCaMV enhancer 

sequences allowing gain of function mutations. pBstKS+: corresponds to the 

sequence allowing propagation in E. coli (containing an origin of replication and a 

selective marker specific for E. coli (ampicillin). Kanr: is the plant selection gene for 

Kanamycin. LB and RB: are the Left and Right T-DNA flanking sequences. These 

sequences are crucial for the transfert and the integration of the T-DNA in A. 

thaliana’s genome. (http://wigelworld.org/ 

resources/plasmid/activationtagging/pski074). 
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1.6.5. Screen for modifiers of the Clf- phenotype 
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1.7. Aims 
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2. Material and Methods 

2.1. Plant material 
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2.1.1. curly leaf (clf) mutant lines 
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2.1.2. Other mutant lines 
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2.2. Bacterial material and microbiology techniques 

2.2.1. Strain of Escherichia coli (E. coli) used for cloning: DH5αααα 
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2.2.2. Cloning plasmids into E. coli DH5αααα 
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2.2.3. PCR products cloned into plasmids and propagated in E. 

coli 
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2.2.4. Culture of E.coli cells on plates 
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2.2.5. Culture of E. coli in liquid medium 
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2.2.6. Conservation of E. coli clones 
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2.3. Plant culture and genetic analysis of A. thaliana 

2.3.1. Growth conditions for A. thaliana in-vitro and on soil 
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2.3.2. Genetic crosses 
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2.3.3. Flowering time assessment 
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2.3.4. Leaf area calculation 
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2.3.5. Starch assay 
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2.4.  DNA techniques 

2.4.1. A. thaliana genomic DNA extraction 

 ��������
���
����	�

�	��������"�����������������<OKT9����������-:�������	��������

)����������������+��"���
������
����	�������������������
����������������<����
��

������� ���� ������ CKKL � ��� �����	����� ������� &CK��� )-���� K�>��:�9
�� K�>�� �GO�

����<G9
��>H�%-%'�
������������������������
����������
�����%���
���
���������

�
�	��� ��� 
�8���� ��������� ������� ���
���� ������ ������ ��� ���� ���	�� ��� �����

������������� ���� ����� ��� MCT9� ���� C� ��������� CKKL � ��� �����
P	�
��������

&�8��
�������������
*	�
�������*������
�
	���
�AC*AB*>'��
���������������������
��

����������	��������������������������	��������	������������������������������������

����� �������� ��� ���� ���	��� ���� ������ &�8�����'� ������ 
��� �������� ���� ����

�����
P	�
�������� �����	����� ���������� ��� ���� ��	���� �8������ �����	�� &BKKL '��

CKL ����D��:��	�&�GC�A'�����DCKL ��������������
�
�������������������
��
���



Chapter 2 Materials and Methods 

39 

�������������
��������	��������-:��������	��������������>B�KKK����������������������

������

���
����������
����@KH�)�6G�� ��������<������������������������������� ���

CKL � ��� 7BK� I�)� &>K��� ����<G9
� �GO�� >��� )-��'� 	���������� CL�P� � ���

������	
������� &���<���
��� &>KKT9'� ���� ������������� ��� �������-:�����	�����������

������������>��P� ����	�'J�� �������������� <AKT9������������	�-:�����������
���

���������%�������<�
������
�����������
�������������������$97����
������

�

2.4.2. PCR reaction 
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2.4.3. Primers used in this study 
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Table 2. 1: List of oligonucleotides used in this study to genotype mutants, RT-PCR 

and ChIP PCRs. 

Primer name SEQUENCE (5’-3’) Purpose 

3AGL9 (primer n˚1) AGTGGCCAGTGAGTGCTCT Mapping sep3-7 

3aAGL9 (primer n˚2) TGGTTAGGGTTCAGCTGGAG Mapping sep3-7 

3bAGL9 (primer n˚3) TTGGTTACATTACTTTTAGATGAGGAA 
Mapping and 

genotyping sep3-7 

3cAGL9 (primer n˚4) CTTTTCAGCGTGCAATGAAA Mapping sep3-7 

3dAGL9 (primer n˚5) TGAGGATATAGCACCTGGCC Mapping sep3-7 

3eAGL9 (primer n˚6) TGGACTTCACTTTGTTGTTGCT Mapping sep3-7 

3fAGL9 (primer n˚7) TGTTCGTCCAAGTTACTGCAA Mapping sep3-7 

3gAGL9 (primer n˚8) TCACCTTCAGGATCAGGTCC Mapping sep3-7 

3hAGL9 (primer n˚9) TTGGGAAACATTTCATGCTG Mapping sep3-7 

3iAGL9 (primer n˚10) CCTTTATGGATGGCCAAGAA Mapping sep3-7 

3jAGL9 (primer n˚11) CCCCACTCAATAAACCCAGA 
Mapping and 

genotyping sep3-7 

5aAt1g54930 (primer 
n˚12) 

CACAAAGCTTCACCTGTTTCTC 

map T-DNA 
insertion in 
At1g54940 

5bAt1g54930 (primer 
n˚13) 

GAATCGATTCCTTTCCCACA 

map T-DNA 
insertion in 
At1g54940 

5cAt1g54930 (primer 
n˚14) 

GGTTGATGACAATGGAAGCA 

map T-DNA 

insertion in 

At1g54940 

5dAt1g54930 (primer 
n˚15) 

CTGTCTCTGTCTCAACAATAATTCTT 

map T-DNA 
insertion in 
At1g54940 

5eAt1g54930 (primer 
n˚16) 

TTTTGAAACAGCAAAAGAATTTTT 

map T-DNA 
insertion in 
At1g54940 

5fAt1g54930 (primer 
n˚17) 

TCCATCTTCAACGTTACGGA 

map T-DNA 
insertion in 
At1g54940 

At1g54940-SI_R 
(primer n˚18) 

AGGCTTCTGACGAGTGTAGTACTGT 

map and genotype 
T-DNA insertion in 

At1g54940 
SEQ AAACAATACAAAGACAGATAAAGC Primer used for 
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first sequence 
plasmid rescue 

plasmids 

LB 4 GAAACAGAATACCCGCGAAA 
locate at LB in 

pSKI074 
FPAseq TTTGGAAGCGAGCAAACTCT Mapping fpa-10 

FPA F TCACAAAACTTTGATGATGCTTG Genotyping fpa-10 

FPA R2 CTCGATTTTCCCAAACTTGC Genotyping fpa-10 

AB32 GTTCTCGCGATCTATATCTTCGCG genotype clf-81 

Ab33 GATGTTTCTGGTTGGGGAGCT genotype clf-81 

En8130 GAGCGTCGGTCCCCACACTTCTATAC genotype sep3-2 

9 X12 
GTTGGGAAAATCGTACGAGGCTTCACC

TAGT 
genotype sep3-2 

9 ms2 GTCACTTGCCTATTGA genotype sep3-2 

JH2295 TAAGCTCAATGATATTCCCGTACA Genotyping ft-10 

JH2296 CAGGTTCAAAACAAGCCAAGA Genotyping ft-10 

JH2297 CCCATTTGACGTGAATGTAGACAC Genotyping ft-10 

(GS)flc3 F CAAAGACGCTCGTCAGCGG genotyping flc-3 

(GS)flc3 R CAAATGAAAACCCAGGTAAGG genotyping flc-3 

clf28F CTGCCAGTTCAGGAATGGTT genotyping clf-28 

clf28R GAAGGGAGCTCTCTGCTTGAT genotyping clf-28 

LBb1.3 ATTTTGCCGATTTCGGAAC genotyping clf-28 

(GS)fpa7 F 
CATTTTATAATAACGCTGCGGACATCT

AC 
genotyping fpa-7 

(GS)fpa7 tdna TACTCCAATGGGTGTCGATGAGAGGT genotyping fpa-7 

(GS)fpa7 R GACGGGTCACTTGGAGTACATCAG genotyping fpa-7 

SY1 TTCGCAAAAGAGAGGATACTGC 
Genotyping clf-50 

CLF::GR 

SY2 GTGTTCTTCCGTGTGGAGAGTA 
Genotyping clf-50 

CLF::GR 

SY3 TGGTCATCGAGGTGTAAGTTTC 
Genotyping clf-50 

CLF::GR 

genewalker LB-1 GTTTCTCATCTAAGCCCCCATT 

Genome walker. 
located at LB in 

pSKI074 

genewalker LB-2 ACGYGAATGTAGACACGTCGAA 

Genome walker. 
located at LB in 

pSKI074 

genewalker AP-1 GTAATACGACTCACTATAGGGC 
Genome walker. 

Adapter 

genewalker AP-2 TACGACTCACTATAGGGCACGC 
Genome walker. 

Adapter 

TUBF GTTCTTGATAACGAGGCCTT 
RT-PCR on 
TUBULIN 

TUBR ACCTTCTTCCTCATCCTCG 
RT-PCR on 
TUBULIN 

AGQPCR1F TCCGAGTATAAGTCTAATGCC 
RT-PCR on 
AGAMOUS 

AGQPCR1r GCCTATATTACACTAACTGGAGAG 
RT-PCR on 
AGAMOUS 
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RT SEP3_F TGACGTTTGCAAAGAGAAGG 
RT-PCRs on 

SEPALLATA3 

RT SEP3_R CTGCTCCCATTCCATCTTGT 
RT-PCRs on 

SEPALLATA3 

AGL24 F  TTCAGTTCTTTGCGATGCTG RT-PCR on AGL24 

AGL24 R TCAAGGGGAGTTCCACTGTC RT-PCR on AGL24 

FUL F CTCTGTTCTCTGCGATGCTG 
RT-PCR on 
FRUITFUL 

FUL R CCCAACTCTCTCCACAAAGC 
RT-PCR on 
FRUITFUL 

SEP1 F TCAACAACAAACCTGCCAAA 
RT-PCR on 

SEPALLATA1 

SEP1 R ATGTAACCGTTTCCCTGCTG 
RT-PCR on 

SEPALLATA1 

SEP2 F TGGCTCCATTGAAGTCAACA 
RT-PCR on 

SEPALLATA2 

SEP2 R CTGAGCACACTGGATGGCTA 
RT-PCR on 

SEPALLATA2 

SEP4 F TTTCTCTAACCGTGGCAAGC 
RT-PCR on 

SEPALLATA4 

SEP4 R TTCCTGAATTGGAGGGTTTG 
RT-PCR on 

SEPALLATA4 

SHP1 F GTTGCCCTCGTCATCTTCTC 
RT-PCR on 

SHATTERPROF1 

SHP1 R CCGGATTCGTAAACTGTCGT 
RT-PCR on 

SHATTERPROF1 

SHP2 F CCATCACCGAAGCTAATACTCA 
RT-PCR on 

SHATTERPROF2 

SHP2 R CACACTCGATTCTTGTTGCTG 
RT-PCR on 

SHATTERPROF2 

AGL6 F` TGGTGTCAGGAGGTGACAAA RT-PCR on AGL6 

AGL6 R CCCAACCTTGGACGAAATTA RT-PCR on AGL6 

FLCRtm-PCRFor CGGTCTCATCGAGAAAGCTC RT-PCR on FLC 

FLCRtm-PCRRev CCACAAGCTTGCTATCCACA RT-PCR on FLC 
RT PCR-

At1g54930_F 
CTCCGCCGGACATTCACT 

RT-PCR on 
At1g54930 

RT PCR-
At1g54930_R 

CTCACTGTTGGAGACCGATCC 
RT-PCR on 
At1g54930 

RT PCR-
At1g54940_F 

CTCCGGAATCATGGTAATGC 
RT-PCR on 
At1g54940 

RT PCR-
At1g54940_F 

ATGGCTCGAGAACCTGATGT 
RT-PCR on 
At1g54940 

AG 3´gene F TGTTGGGACCAACTTGTGTG 

Semi-quantitative 
ChIP PCR on 

At4g18970 

AG 3´gene R CCCTTGGCACACTAGCAAAT 

Semi-quantitative 
ChIP PCR on 

At4g18970 

AG 4LB ATTCGACACGCAATTTCCA 
Semi-quantitative 

ChIP PCR on 
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AGAMOUS 

AG 4RB ATCTTGCGCTCAATTCCAAC 

Semi-quantitative 
ChIP PCR on 
AGAMOUS 

ChIP SEP3 F CTTTTGATTCTGGGGGTCGT 

Semi-quantitative 
ChIP PCR on 
SEPALLATA3 

ChIP SEP3 R GATGAATCCCATCCCCAAGT 

Semi-quantitative 
ChIP PCR on 
SEPALLATA3 

actin F CGTTTCGCTTTCCTTAGTGTTAGCT 

Semi-quantitative 
ChIP PCR on 

ACTIN (reference) 

actin R AGCGAACGGATCTAGAGACTCACCTTG 

Semi-quantitative 
ChIP PCR on 

ACTIN (reference) 

�

�

2.4.4. Digestion of DNA with restriction enzymes 
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2.4.5. dCAPs genotyping for clf-81 
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2.4.6. Agarose gel electropheresis of DNA 
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2.4.7. Analysis of genomic DNA by Southern blotting 
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2.4.8. Recovery of plant genomic sequences by plasmid rescue 
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2.4.9. The genome walker strategy 
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2.4.10. Plasmid preparations from E. coli 
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2.4.11. Sequencing of DNA 
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2.5. RNA techniques 

2.5.1. RNA extraction 
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2.5.2. Semi-quantitative RT-PCR 
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2.6. Protein techniques 

2.6.1. Protein extraction 
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2.6.2. Western-blotting 
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2.7. ChIP techniques 

2.7.1. Chromatin Immunoprecipitation 
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2.7.2. Semi-quantitative ChIP PCR 
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3.  SUPPRESSOR OF POLYCOMB 1 (SOP1) is a loss of 

function mutation in the MADS-box gene 

SEPALLATA3 (SEP3) 
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3.1.  Identification of the gene disrupted by the sop1 

mutation 
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3.1.1. Identification by Southern-blot analysis of the T-DNA 

insertion responsible for the Sop1- suppressed phenotype 
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Phenotype          [-]      [-]       [-]      [+]      [-]      [+]

10Kbp

8Kbp

6Kbp

5Kbp

1 2 3 4 5 6Lane L

A.

B.

Sop1-
plant

Sop1+
plant

�

Figure 3.1: Analysis of plants segregating for the sop1 mutation. A. Phenotypes 

obtained in a segregating family: Sop1- and Sop1+ plants. B. Southern-blot with 

EcoRI digested DNA from 6 independent plants (lanes 1 to 6). The phenotype of 

each plant is shown under the lane in which its DNA was loaded ([-]: suppressed 

phenotype; [+]: unsuppressed phenotype). The red arrows indicate the 2 different 

bands detected at 11Kbp and 7Kbp. The probe used detects CaMV35S enhancer 

sequences of the pSKI074 vector used for the mutagenesis. L corresponds to the 

1Kbp ladder used to assess the size of the bands obtained (sizes showed on the 

right hand side of the figure). 
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3.1.2. The mutation responsible for the suppressed Sop1- 

phenotype is recessive 
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3.1.3. Fine mapping of the SOP1 locus disrupted by the T-DNA 

insertion 
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Figure 3.2: Diagram of the T-DNA insertion at SEP3 found in Sop1- plants. A.: 

Location of the deletion within the first 5 exons of SEP3. Note the opposite 

transcription direction of SEP3 and At1g24265. B.: genomic rearrangement of the 

SEP3 locus and location of the T-DNA insertion in At1g24265. The EcoRI restriction 

sites allowing the recovery of SEP3 genomic sequences are shown in red. Arrows 

numbered 1 to 11 correspond to the primers used to map the sop1 mutation see 

chapter 2 section 2.4.3 for details. Note primers 10 and 11 are in opposite direction. 
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3.1.4. Cosegregation of the sep3-7 mutation with the Sop1- 

phenotype 
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Figure 3.3: Genotyping the sep3-7 deletion in segregating F2 plants. A. Diagram 

showing the localisation of primers number 3 (3’bAGL9) and number 11 (3’jAGL9) 

used for the genotyping PCR. B. Genotyping PCR result for 10 plants (lanes 1 to 

10). The band around 4 Kbp correspond to the wild type product (controls on the 

right hand side: Ws and clf50 pCLF:CLF-GR). The lower band around 1.6 Kbp 

corresponds to the sep3-7 allele (control on right hand side: sop1 homozygous). 

Samples in lanes 1, 3, 5, 7 and 8 corresponds to homozygous SEP3 plants. 

Samples in lanes 9 and 10 correspond to homozygous sep3-7 plants. Samples in 

lanes 2, 4 and 6 correspond to heterozygous sep3-7/SEP3 plants. 
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3.1.5. Analysis of the double mutant sep3-2 clf81 
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�

 

Figure 3.4: Genotyping of sep3-2 and clf-81/CLF. In the upper gel the upper band 

corresponds to the clf-81 allele and the lower band to the wild type CLF allele. In the 

lower gel the single band detected corresponds to the sep3-2 mutant allele. In lane 

6 Col0 DNA was used as a control. No amplification for sep3-2 and/or clf-81 

mutations was observed; only the wild type CLF allele was amplified. In lanes 4 and 

7, only the amplification of the wild type band for CLF was detected. These plants 

are sep3-2 homozygous mutant. Samples in lanes 1, 2, 5, 8 and 10 showed two 

bands (the mutant and the wild type), for the CLF locus. These plants are 

homozygous sep3-2 and heterozygous clf-81/CLF 
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Figure 3.5: Phenotype of the double mutant sep3-2 clf-81. A. Detail of the leaf 

phenotype of the double mutant sep3-2 clf-81. B. Comparison between wild type 

Arabidopsis ecotype Col, the single mutants sep3-2; clf-81 and the double mutant 

sep3-2 clf-81. The plants were growing during 4 weeks in LD conditions. Scale bar = 

1cm. 
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3.2. Characterization of the double mutant clf-50 sop1 
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3.2.1. Phenotypic characterization 
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Figure 3.6: Phenotype of Ws and Sop1- leaves and flowers. A: Wild type Ws and 

Sop1- plants. Scale bar = 1cm. B: Close-up of inset of Ws in (A.) showing the 

serration detail of a Ws leaf. C: Close-up inset of Sop1- in (A.) showing the serration 

detail of a Sop1- leaf. Red arrows show the serration sinus and the red dots show 

the number of sinuses. D: Flower phenotype of Sop1- plants compared with clf-50 

pCLF:CLF-GR and Ws. Scale bar = 1mm. Flowers were photographed after 21 and 

28 days of growth on soil under LD conditions. 
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3.2.2. The sep3-7 mutation suppresses the early flowering 

phenotype of Clf- plants 
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Figure 3.7: Flowering time experiment under LD and SD conditions. The results 

show the average of rosette leaves at bolting (12 plants minimum). Red: SD 

conditions. Blue: LD conditions. Genotypes tested: Ws, clf50 pCLF:CLF-GR and 

Sop1-. Bars show Standard Error (SE). 
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3.2.3. AG is highly expressed in Sop1- plants. 
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Figure 3.8: Expression of AG in Sop1- plants after 30 PCR cycles. A. Quantification 

of the transcript levels of AG in Sop1-, Ws and clf50 pCLF:CLF-GR plants The 

quantification corresponds to the average of the ratio (target gene signal/ß-tubulin 

signal) of three different RT-PCR reactions. Bars show Standard Error (SE). B. 

Example of RT-PCR of AG on Sop1-, Ws and clf50 pCLF:CLF-GR cDNA samples. 

Duplex PCRs were performed to amplify ß-tubulin (marked with H) as an internal 

control with the specific primers for AG. The plants analysed were grown on plates 

and the mRNA was extracted from 15 day old seedlings. 
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3.2.4. SEP3 is a co-factor of AG in Arabidopsis 
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Figure 3.9: Expression of SHP2 in Sop1- plants after 32 PCR cycles. A. 

Quantification of the transcript levels of SHP2 (red) in Sop1-, Ws and clf50 

pCLF:CLF-GR plants. The quantification corresponds to the average of the (target 

gene signal/ß-tubulin signal) ratio of three different RT-PCR reactions. Bars show 

Standard Error (SE). B. Example of RT-PCR of SHP2 on Sop1-, Ws and clf50 

pCLF:CLF-GR cDNA samples. Duplex PCRs were performed to amplify ß-tubulin 

(marked with H) as an internal control with the specific primers for SHP2. The plants 

analyzed were grown on plates and the mRNA was extracted from 15 day old 

seedlings. 
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Figure 3.10: Western-blot analysis of AG in Sop1- plants. Total protein was 

extracted from 14 days old seedlings grown on soil on LD conditions. The AG 

protein is detected at 30 kDa by an antibody directed against the carboxy terminus 

of AG. The positive control used was wild type flower buds. The negative control (ag 

mutant) does not present the expected band at 30 kDa. 
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3.2.5. The FT mutation suppresses the Clf- phenotype 
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Figure 3.11: The ft-10 mutation suppresses the Clf- phenotype. A. Genotyping PCR 

for flc-3 ft-10 plants on 17 F3 plants. Genotyping primer sets (JH2295, JH2296, and 

JH2297) and (flc-3-F and flc-3-R) were used to identify homozygous ft-10 flc-3 

mutations respectively (Yoo et al., 2005). Homozygous ft-10 plants produced a 

single band of 926 bp in size, whereas wild-type plants produced a band of 1,392 bp 

in size. Homozygous flc-3 plants produced a single band of 400 bp in size, whereas 

wild-type plants produced a band of 500bp in size. L, One-kilobase ladder. B. 

Phenotype of the triple mutant clf-28 flc-3 ft-10. Plants were growing during four 

weeks in LD conditions. Scale bar = 1cm. 
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3.3. SEP3 is a novel Pc-G target 

������
����%��*��������	�
������
��������9 +�����"�����������������������%��*��������

�
!����������	��������
���	�������������������	���������9 +�����GD,A@��D�
���



Chapter 3 Characterization of SOP1 

77 

�
��� ���
�"��� ��� ���� %��*� 
�	��� ������ ���� 9��$<	���� �������� ���������� ��� ����


����������� %���<8������������ 9��$� $97� 	��������� ���� ����
��� ��������� ��� 9��$<

	�����

�

3.3.1. SEP3 is mis-expressed in the Clf- background 
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Figure 3.12: Expression of SEP3 in clf-50 pCLF:CLF-GR and Sop1- plants. A. 

Quantification of the transcript levels of SEP3 (red) in Sop1-, Ws and clf50 

pCLF:CLF-GR plants The quantification corresponds to the average of the (target 

gene signal/ß-tubulin signal) ratio of three different RT-PCR reactions. Bars show 

Standard Error (SE). B. Example of RT-PCR of SEP3 on Sop1-, Ws and clf50 

pCLF:CLF-GR cDNA samples. Duplex PCRs were performed to amplify ß-tubulin 

(marked with H) as internal control with the specific primers for SEP3. The plants 

analysed were grown on plates and the mRNA was extracted from 15 day old 

seedlings. 
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3.3.2. CLF binds to SEP3 
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Figure 3.13: ChIP-chip results for the SEP3 locus (red arrow indicate direction of 

transcription). The SEP3 locus is shown as green boxes (exons) and lines (introns), 

H3K27me3 binding is shown as vertical grey bars and CLF binding is shown as 

vertical orange bars 
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Figure 3.14: H3K27me3 patterns of SEP3 in wild type and clf-50 mutant plants. A: 

Location of the PCR products for AG4, AG3 and SEP3. B: IPs were performed 

without antibody (“No AB”) or with an antibody against H3K27me3 (“Anti-

H3K27me3”) from wild type (Ws) and clf-50 chromatin extracted from 10 days old 

seedlings. Precipitated DNA was amplified by PCR, regions amplified are shown in 

A. Calculation of relative enrichment is described in chapter 2 section 2.7.2. Semi-

quantitative ChIP duplex PCRs were used to amplify ACTIN (marked with a star) as 

internal controls. Numbers below the lane indicate the ratio of the intensity of AG4, 

AG3 or SEP3 products, respectively compared to ACTIN intensity after IP 

normalized to the ratio before IP (“Input”). Each experiment was performed three 

times; representative experiment is shown 
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4. SUPPRESSOR OF POLYCOMB 4 (SOP4) is a loss of 

function mutation in FPA 
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4.1. Identification of the mutation responsible for the 

Sop4- phenotype 
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4.1.1. Plasmid rescue using a “shot-gun” strategy 
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Figure 4.1: Analysis of plasmid rescue clones from Sop4- plants. Lanes 1 to 7 

correspond to 7 independent plasmid tested by EcoRI. In all lanes a plasmid of 

approximately 5.8Kbp is present. L corresponds to the 1Kbp ladder used to assess 

the size of the bands obtained (sizes showed on the right hand side of the figure). 
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4.1.2. Fine mapping of the T-DNA insertion in FPA 
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Figure 4.2: Diagram of the T-DNA insertion at the FPA locus found in Sop4- plants. 

The T-DNA insertion is located in the first intron of FPA. Arrows correspond to 

primers “FPA-seq” and “SEQ” used to map the fpa-10 mutation. The EcoRI 

restriction sites allowing the recovery of FPA genomic sequences are shown in red. 

For details see primers table chapter 2 section 2.4.3. 
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4.1.3. The mutation responsible for the Sop4- phenotype is 

recessive 
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Table 4.1: Segregation analysis show sop4 is a single recessive mutation. The 

phenotype of plants in the F2 generation from the cross between Sop4- and the 

progenitor line clf-50 pCLF:CLF-GR was assesed. For the statistical analysis, a Chi 

Square test for 3:1 segregation of the Clf- and Sop4- phenotypes was performed. 

NS: not significant at P=0.05. 

 
clf 

plants 

sop4 

plants 

total 
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χχχχ �
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P 

Line 1 25.0 9.0 34.0 0.04 0.84 

Line 2 33.0 10.0 43.0 0.07 0.79 

Line 3 35.0 11.0 46.0 0.03 0.86 

Line 4 33.0 10.0 43.0 0.07 0.79 

Line 5 26.0 11.0 37.0 0.44 0.51 
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4.1.4. Cosegregation of fpa-10 with the Sop4- phenotype 
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Figure 4.3: Genotyping of segregating F2 plants at the FPA locus. A: Location of 

primers FPA-F; FPA-R2 at the FPA locus and LB4 in the T-DNA. PCR products will 

amplify a fragment of 1.4 Kbp for the wild type FPA allele and 0.9 Kbp for the fpa-10 

mutation. The EcoRI restriction sites allowing the recovery of FPA genomic 

sequences are shown in red. B: Results for 7 plants (lanes 1 to 10). The band at 1.4 

Kbp correspond to the wild type product (controls on the right hand side: clf-50 

pCLF:CLF-GR and Ws). The higher band at 3 Kbp corresponds to the fpa-10 allele 

(control on the right hand side: sop4 homozygous). Samples in lanes 2, 3 and 5 

correspond to homozygous fpa-10 plants. Samples in lanes 1, 4 and 6 correspond 

to homozygous FPA plants. Sample in lane 7 correspond to heterozygous fpa-

10/FPA plants (band at 3 Kbp has a low intensity). The plant phenotype (+) 

corresponds to Sop4+ and (-) to Sop4- plants. 
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4.1.5. The FPA protein is not detected in fpa-10 plants 
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Figure 4. 4: Western-blot analysis of FPA protein levels in Sop4- plants. Total 

protein was extracted from 14 days old seedlings grown on soil on LD conditions. 

The FPA protein is detected at 98 kDa by an antibody directed against the carboxy 

terminus of FPA. All the plant extracts showed a band at 64 kDa corresponding to a 

non specific band. Data kindly provided by Dr. L. Terzi & Dr. G. Simpson. 
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4.2. Characterization of the sop4 mutation 
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4.2.1. Phenotype of Sop4- plants at the early stage of development 
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Figure 4. 5: Phenotype of Sop4- plants at late vegetative stages. Comparison 

between wild type Arabidopsis ecotype Ws, the progenitor line clf-50 pCLF:CLF-GR 

and Sop4- plants. Plants were growing during 3 weeks on soil in LD conditions. 

Scale bar = 1 cm. 
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4.2.2. Sop4- plants are late flowering due to a high levels of FLC 
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Figure 4. 6: Flowering time experiment under LD conditions with or without 

vernalization. The results show the average of resette leaves at bolting (12 plants 

minimum). Red: with vernalization (V). Blue: without vernalization (NV). Genotypes 

tested: Ws, clf-50 pCLF:CLF-GR, fca-10, FRI+ in Ler and Sop4- (clf-50 fpa-10). 

Plants were vernalized for 4 weeks in the dark at 4˚C. Bars show Standard Error 

(SE). 
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Figure 4. 7: Expression of FLC in Sop4- plants. A. Quantification of the transcript 

levels of FLC in Ws, clf-50 pCLF:CLF-GR and Sop4- plants. The quantification 

corresponds to the average of the ratio (target gene signal/ß-tubulin signal) of three 

different RT-PCR reactions. Bars show Standard Error (SE). B. Example of 

RT_PCR of FLC on Ws, clf-50 pCLF:CLF-GR and Sop4- cDNA samples. Duplex 

PCRs were performed to amplify ß-tubulin (marked with 
�

) as internal controls with 

the specific primers for FLC. The plants were grown on soil in LD conditions and the 

mRNA were extracted from 15 days old seedlings. 
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4.2.3. AG is not a target of FPA 
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Figure 4. 8: Expression of AG in Sop4- plants. A: Quantification of the transcript 

levels of AG in Ws, clf-50 pCLF:CLF-GR and Sop4- plants. The quantification 

corresponds to the average of the ratio (target gene signal/ß-tubulin signal) of three 

different RT-PCR reactions. Bars show Standard Error (SE). B. Example of RT-PCR 

of AG on Ws, clf-50 pCLF:CLF-GR and Sop4- cDNA samples. Duplex PCRs were 

performed to amplify ß-tubulin (marked with �) as internal control with the specific 

primers for AG. The plants were grown on soil in LD conditions and the mRNA were 

extracted from 15 days old seedling 

�

�

.�
�� ����� &.�'� �
�
��������������,�����"����������
�����
���������������������

�������������	�����
�������	����
��&+������B��?'������������������	�����
�&�
�
��������

�����.���
����'�� �������������������A?�-��	����������� ��� ����������	����� �����0�

���������
��	���������������������,�����
����������	�������������
���	�������������

���
�
�������.������
����������������
�����������	����� �����0������������A?��-��

	��������������
�
�
���
��������������������0�������������+������B��O��

�



Chapter 4 Characterization of SOP4 

99 

W
s
 f
lo

w
e
r 

b
u
d
s

S
o
p
4
-

W
s

c
lf
-5

0

a
g

10 days old seedlings

W
s

a
g

Flower buds

S
o
p
4
-

29 kDa

 

Figure 4. 9: Western-blot analysis of AG in sop4 plants Total protein was extracted 

from 14 days old seedlings grown on soil on LD conditions. The AG protein is 

detected at 30 kDa by an antibody directed against the carboxy terminus of AG. For 

the detection, a rabbit serum was kindly provided by Prof. E. Meyerowitz and Dr. T. 

Ito. 
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4.2.4. SHP2, AGL24, FUL and SEP3 are down regulated in Sop4- 

plants 
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Figure 4.10: Expression of MADS-box transcription factors AGL6; SHP2; SHP1; 

SEP4; SEP2; SEP1; FUL; AGL24 and SEP3 in Sop4- plants. The quantification 

corresponds to the average ratio (target gene [AGL6; SHP2; SHP1; SEP4; SEP2; 

SEP1; FUL; AGL24 and SEP3] signal/ß-tubulin signal) of three different RT-PCR 

reactions. Bars show Standard Error (SE). The plants analyzed were grown on 

plates and the mRNA was extracted from 15 days old seedlings. 
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4.3. High levels of FLC partially suppress the Clf- 
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4.3.1. The clf-52 FRI
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 line 
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Figure 4. 11: The clf-52 allele suppressed the FRI+ late flowering phenotype: 

Phenotype of the double mutant clf-52 FRI+. Plants were grown during four weeks in 

LD conditions. Scale bar = 1 cm. 
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4.3.2. FRI
+
 and fpa-10 suppress the leaf phenotype of Clf- plants 
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Figure 4. 12: Suppression of the Clf- phenotype by FRI+ and fpa-10. A. FRI+ and 

fpa-10 mutations suppress the Clf- phenotype. The phenotype of the lines clf-52 

FRI+ and clf-50 fpa-10 is shown. Plants were grown during four weeks in LD 

conditions. White bar = 1 cm. B. Quantification of the leaves are of clf-52 FRI+ and 

clf-50 fpa-10 compared with FRI+, fpa-10, the progenitor line clf-50 pCLF:CLF-GR 

and wild type Ws plants. The five biggest leaves of three different plants were 

dissected and the area calculated using ImageTool (IT) software (chapter 2 section 

2.3.4). Bars show Standard Error (SE). 
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4.3.3. The suppression of the early flowering phenotype of Clf- 

plants by FRI
+
 and fpa-10 is different 
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Figure 4. 13: Flowering time experiment under LD conditions. The results show the 

average of rosette leaves at bolting (12 plants minimum) in LD conditions. 

Genotypes tested: Ws, clf-50 pCLF:CLF-GR, clf-52 FRI+ and clf-50 fpa-10. Bars 

show Standard Error (SE). 
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Figure 4. 14: Genotyping PCR for clf-28 and fpa-7 single mutations. The genotyping 

PCR where conducted on 24 F2 plants. Genotyping primer sets (clf28F, clf28R and 

LbB1.3) and (fpa 7 F, fpa 7 R and fpa 7 tdna) were used to identify homozygous clf-

28 fpa-7 plants. Homozygous clf-28 plants produced a single band of 450 bp in size, 

whereas wild type plants produced a band of 900 bp in size. Homozygous fpa-7 

plants produced a single band of 500 bp in size, whereas wild type plants produced 

a band of 600 bp in size. The phenotype was scored as follow: Clf- plants (-) and 

Sop4- plants (+). 
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4.4. Summary 
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5. Characterization of suppressor of polycomb 2 and 3 

(sop2 and sop3) 
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5.1. The phenotype of Sop2- and Sop3- plants 
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5.1.1. sop2 and sop3 efficiently suppress the Clf- phenotype 
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Figure 5.1: Phenotype of Sop2- and Sop3- plants. Comparison between the 

progenitor line clf-50 pCL:CLF-GR, Sop2- and Sop3- plants. Plants were grown 

during four weeks on soil in LD conditions. Scale bar = 1cm. 
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5.1.2. Sop2- and Sop3- plants respond differently to vernalization 

treatments 
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Figure 5.2: Flowering time experiment under LD conditions with or without 

vernalization. The results show the average of rosette leaves at bolting (12 plants 

minimum). In red: without vernalization. In blue: with vernalization. Genotypes 

tested: fca-10, flc-5, FRI+ in Ler, Ws, clf-50 pCLF:CLF-GR, Sop2- and Sop3-. Plants 

were vernalized for four weeks in the dark at 4˚C. Bars show standard Error (SE). 
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Figure 5.3: Expression analysis of FLC in Sop2- and Sop3- plants by semi-

quantitative RT-PCR. A: Quantification of the transcript levels of FLC in Ws, clf-50 

pCLF:CLF-GR, Sop2- and Sop3- plants. The quantification corresponds to the 

average ratio (target gene signal/ß-tubulin signal) of 3 different RT-PCR reactions. 

Bars show Standard Error (SE). B: Example of RT-PCR of FLC on Ws, clf-50 

pCLF:CLF-GR, Sop2- and Sop3- cDNA samples. Duplex PCRs were performed to 

amplify ß-tubulin (marked with �) as internal control with specific primers for FLC. 

The plants were grown on soil in LD conditions and mRNA was extracted from 15 

days old seedlings. 
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5.1.3. The expression of AG is different in Sop2- and Sop3- plants 

compared with the progenitor line clf-50 pCLF:CLF-GR 
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Figure 5.4: Expression analysis of AG in Sop2- and Sop3- plants by semi-

quantitative RT-PCR. A: Quantification of the transcript levels of AG in Ws, clf-50 

pCLF:CLF-GR, Sop2- and Sop3- plants. The quantification corresponds to the 

average ratio (target gene signal/ß0tubulin signal) of three different RT-PCR 

reactions. Bars show Standard Error (SE). B: Example of RT-PCR of AG on Ws, clf-

50 pCLF:CLF-GR, Sop2- and Sop3- cDNA samples. Duplex PCRs were performed 

to amplify ß-tubulin (marked with �) as internal control with specific primers for AG. 

The plants were grown on soil in LD conditions and mRNA was extracted from 15 

days old seedlings. 
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5.1.4. The time to flower phenotype of Sop3- plants becomes more 

severe between generations 
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Figure 5.5: Flowering time and expression analysis of FLC by semi-quantitative 

RT-PCR on three successive generations of sop3 plants. Genotypes tested: Ws, clf-

50 pCLF:CLF-GR, Sop3-T3, Sop3-T4 and Sop3-T5. A: Flowering time experiment 

under LD conditions. Results show the average of rosette leaves at bolting (12 

plants minimum) for each of the genotypes tested. B: Quantification of the transcript 

levels of FLC for each of the genotypes tested. The quantification corresponds to 

the average ratio (target gene signal/ß-tubulin signal) of three different RT-PCR 

reactions. For the semi-quantitative RT-PCR, plants were grown on soil in LD 

conditions and mRNA was extracted from 15 days old seedlings. Bars in both 

experiments show standard Error (SE). 

�



Chapter 5 Characterization of SOP2 and SOP3 

123 

����
���
������������������ ��� ��
��������`<����
��� ����
!�01
��� 3�� �"���
����� ���

�����������
�� ������ ������ ������� ����� ��� .�� �
������ ���� ����������� ���  ���

	�����������`<����
������%��D<�D��%��D<�B�����%��D<�C�����
�������������������
��

�
����������
������������������
���
�������������������
���������
���
������������������

 ��� ���%��D<��
����� ��������������������������� ��� 	����������
���� ���� 
���
�������<

����
����������������������������������������&������	�����C�>�A��+������C�D'�� ��������

��������������
������
����������%��D<��
��������������������
���
���� ��� �������
��

���<����
�����������������<����
�����������������	���������
�����������������

�

���������������������
����������������
����������������������
�
������%��D<��
�����

����
��������	��������

�
������������	���������
�
�������������

�����������������

 ���������������	�����	���
������
�����������������

�

5.2.  sop2 is an untagged mutation 
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5.2.1. Identification of a single T-DNA insertion in Sop2- plants 
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Figure 5.6: Southern-blot analysis on Sop2- plants. Southern-blot with EcoRI 

digested DNA from 11 independent plants (lanes 1 to 11). The red arrows indicate 

the band detected at 10 Kb. The probe used detects CaMV35S enhancer 

sequences of the pSKI074 vector used for the mutagenesis. L corresponds to the 

1Kbp ladder used to assess the size of the bands obtained (sizes showed on the left 

hand side of the figure). 
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5.2.2. Fine mapping of the single T-DNA insertion in Sop2- plants 
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Figure 5.7: Diagram of the T-DNA insertion in Sop2- plants. The T-DNA insertion is 

located in the first exon of PLANT GLYCOGENIN STARCH INITIATION PROTEIN-4 

(PGSIP-4). Arrows correspond to primers used to map the insertion and genotype 

by PCR the sop2 mutation. The EcoRI restriction site allowing the recovery of 

At1g54930 genomic sequences are shown in red. For details see primers table 

(chapter 2 section 2.4.3). 
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5.2.3. PGSIP-4 and At1g54930 are over- expressed in Sop2- plants 
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Figure 5.8: Expression analysis of At1g54930 and PGSIP-4 in Sop2- plants by 

semi-quantitative RT-PCR. A. Quantification of the transcript levels of At1g54930 

and PGSIP-4 in Ws, clf-50 pCLF:CLF-GR and Sop2- plants. The quantification 

corresponds to the average ratio (target gene signal/ß-tubulin signal) of three 

different RT-PCR reactions. Bars show Standard Error (SE). B: Example of RT-PCR 

of At1g54930 and PGSIP-4 on Ws, clf-50 pCLF:CLF-GR and Sop2- cDNA samples. 

Duplex PCRs were performed to amplify ß-tubulin (marked with �) as internal 

control with specific primers for At1g54930 and PGSIP-4. The plants were grown on 

soil in LD conditions and mRNA was extracted from 15 days old seedlings. 
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5.2.4. Phenotypic assay for the over expression of PGSIP-4 
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Figure 5.9: Qualitative starch assay by staining Arabidopsis leaves with iodine 

solution at the end of the light period. Plants were five weeks old. In the assay 

performed the starch was visualised as a violet-dark coloration by staining with an 

iodine solution followed by a decolouration with 96% ethanol (chapter 2 section 

2.3.5). 
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5.2.5. The Sop2- phenotype does not cosegregate with the T-DNA 

insertion in PGSIP-4 
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Figure 5.10: PCR Genotyping of the clf-50 and the T-DNA insertion in PGSIP-4 

mutations in segregating F2 plants. A: Location of primers 17: 5fAt1g54930; 18: 

At1g54940-SI-R at the PGSIP-4 locus and LB4 in the T-DNA used to genotype the 

T-DNA insertion in PGSIP-4. PCR products will amplify a fragment of 1.6 Kbp for the 

wild type PGSIP-4 allele and 1.4 Kbp for the pgsip-4 mutation. The EcoRI restriction 

sites allowing the recovery of At1g54930 genomic sequences are shown in red. B: 

PCR genotyping results for five plants (lanes 1 to 5). The top gel corresponds to a 

duplex PCR to genotype for the clf-50 mutation. Three bands can be distinguished 

at 0.25, 0.45 and 1.3 kbp. Bands at 0.45 and 1.3 Kbp correspond to the transgene 

pCLF:CLF-GR (in red). Heterozygous or homozygous CLF+ have only the band at 

0.25 Kbp (in red). clf-50 plants show no amplification at 0.25 Kbp with the primers 
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used. The middle and lowers gels show the PCR amplifications obtained for pgsip-4 

(1.4 Kbp in red) and PGSIP-4 (1.6 Kbp in red) respectively. The expected sizes for 

the PCR amplifications for the three different controls are shown in the right hand 

side of the three different gels. The curled leaf phenotype was scored for each plant 

([+] for curled leaves and [-] for flat leaves. 
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5.3.  sop3 is an uncharacterized mutation 
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5.3.1. Identification of two T-DNA insertion in Sop3- plants 
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Figure 5.11: Southern-blot analysis of homozygous Sop3- plants. Southern-blot with 

EcoRI digested DNA from nine independent plants (lanes 1 to 9). All the plant used 

were homozygous for the sop3 mutation. The red arrows indicate the bands 

detected at 10.5 and 7 Kbp. The probe used detects CaMV35S enhancer 

sequences of the pSKI074 vector used for the mutagenesis. L corresponds to the 

1Kbp ladder used to assess the size of the bands obtained (sizes showed on the left 

hand side of the figure. 
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5.3.2. Mapping of the locus disrupted by the T-DNA insertion in 

Sop3- plants 
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Figure 5.12: Diagram of the different locations of the T-DNA insertions obtained from 

Sop3- plants. A: T-DNA insertion in the 5’ region of At1g04380 recovered by plasmid 

rescue. The EcoRI restriction sites allowing the recovery of the genomic sequence 

are shown in red. B: Three different T-DNA insertions recovered from the LB of the 

T-DNA by genome walker. The 3’ region of At1g04380, the 5’ region of At5g66550 

and the last exon of At1g59830. C: A putative rearrangement of the At1g04380. The 

pink box correspond to a deletion of the whole At1g04380 locus. 
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5.3.3. The sop3 mutation could be tagged by a partial T-DNA 

insertion 
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Table 5.1: Kanamycin resistance test for five independent lines in theT2, T3 and T4 

generations. Seedlings were grown on MS plates with and without 50 g/mL of 

Kanamycin. The phenotypes (KanR, KanS and sop3) were scored after 14 days of 

growth in tissue culture conditions. The generation tested is shown in brackets. For 

the statistical analysis, a Chi Square test for 3:1 segregation of the KanR and KanS 

phenotypes was performed. NS: not significant at P=0.05. 
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5.4. Summary 
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6. Discussion 
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6.1. SEP3 is a novel direct target of CLF 
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6.2. Non-redundant roles for SEP3 in leaves and flowers 
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6.3. Repression of flowering by CLF 
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6.4. Role of FPA in regulating FLC 
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6.7. Validity of modifier screen for identifying PcG 
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6.8. Ancient role for PcG in preventing precocious 
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