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“No me despiertes si duermo, 

y si es verdad, no me duermas. 

Mas sea verdad o sueño, 

obrar bien es lo que importa 

si fuere verdad, por serlo; 

si no, por ganar amigos 

para cuando despertemos.” 

 

⸺ Segismundo, La vida es sueño, 

de Pedro Calderón de la Barca 

 

 

 

 

 

 

 

 

 

 

 

 

 

“Don’t awaken me if I’m asleep, 

and, if this is reality, don’t put me to sleep. 

But, whether it’s reality or a dream, 

to do good is what matters; 

if it should be reality, just because it is good; 

if not, for the sake of winning friends 

for the time when we awaken.” 

 

⸺ Segismundo, Life is a Dream, 

by Pedro Calderón de la Barca, edited and translated by Stanley Appelbaum  
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Abstract 

The cell cycle is an essential mechanism ensuring that cells proliferate only 

when suitable. Besides its crucial developmentally programmed function, it is also 

an important means of reacting to stress, enabling a cell to properly repair any 

damage or temporarily or permanently exit the cell cycle altogether. Thus, it has to 

be under tight control. Failure to do so may result in genomic instability, uncontrolled 

cell growth, and in animals, even cancer. Given the estimates of tremendous 

population growth as well as climate change taking its toll in an ever-aggravating 

severity, comprehending the cell cycle in plants – especially in a stress context – is 

of paramount importance for optimising our food production capabilities. 

In my doctoral thesis, I present my research on the plant DREAM complex, a 

key cell cycle master regulator, beginning with the identification of the complete 

complex orthologue in Arabidopsis thaliana and ending with a focus on two 

homologous plant-specific DREAM components, FLIC and FLAC. 

The first chapter features our published results of investigating the plant 

DREAM complex within the scope of genotoxic stress. We identify the entirety of the 

canonical DREAM complex in Arabidopsis thaliana, including the previously unknown 

LIN37 and LIN52 orthologues, by pinpointing interactors of RBR1 under DNA-damaging 

conditions. There, we also discovered the transcription factor NAC044, which 

mediates cell cycle arrest in response to genotoxic insult, and we demonstrate its 

physical interaction with RBR1 and LIN37B. We show that mutants of NAC044, LIN37A 

and LIN37B, as well as E2FB all exhibit tolerance, i.e. a failure to appropriately arrest 

the cell cycle, towards DNA damage. These findings indicate a collaboration of the 

DREAM complex with NAC044 to properly respond to genotoxic challenges. 

In our pre-print that comprises the second chapter, we characterise two novel 

plant-specific DREAM components, FLIC and FLAC. Absence of both leads to 

pleiotropic phenotypes, including dwarfism, early flowering, and severe fertility 

defects. To find out more about the cause behind this, we looked at the interactome 

of FLIC and FLAC, and we could detect the entire DREAM complex as well as the 

JMJ14/NAC050/NAC052 module, a known flowering repressor complex. We 

demonstrate early floral transition also in lin37 mutants and a physical interaction 
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of FLIC, FLAC, and NAC050 with LIN37B. These results involve the DREAM complex in 

flowering time regulation while providing a mechanistic framework describing how it 

controls this process. 

In the last chapter, I present a further analysis of the roles of FLIC and FLAC by 

elucidating a phytohormonal dys-regulation in their absence. I focus on the jasmonic 

acid pathway, since mRNA-seq data reveal what appears to be a constitutive up-

regulation of jasmonate biosynthesis. We confirm this finding by direct measurement 

of methyl jasmonate levels, which are elevated in flic flac mutant seedlings. In this 

genetic background, I assess several jasmonate-affected phenotypes and show that 

they consistently contrast with coi1 mutants, which are insensitive to jasmonic acid. 

Notably, mutants of ZmFlac, the only orthologue in Zea mays, exhibit developmental 

retardation, demonstrating that our results are relevant in crop species. These 

observations involve the DREAM components FLIC and FLAC in yet another highly 

important control mechanism. 

In conclusion, this doctoral thesis presents significant insights into the 

workings of the cell cycle in plants, particularly under the lens of stress response and 

regulation, while focussing on the DREAM complex and its plant-specific components 

FLIC and FLAC. The findings presented here not only deepen our knowledge of plant 

cellular mechanisms but also have potential implications for agricultural practices. 
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Zusammenfassung 

Der Zellzyklus ist ein wesentlicher Mechanismus, der sicherstellt, dass Zellen 

nur dann proliferieren, wenn geeignete Bedingungen herrschen. Neben seiner 

entscheidenden, entwicklungsgesteuerten Funktion ist er auch ein wichtiges Mittel 

zur Reaktion auf Stress und ermöglicht es einer Zelle, Schäden ordnungsgemäß zu 

reparieren oder vorübergehend oder dauerhaft aus dem Zellzyklus auszutreten. 

Daher muss er streng kontrolliert werden. Ein Versagen dabei kann zu genomischer 

Instabilität, unkontrolliertem Zellwachstum und bei Tieren sogar zu Krebs führen. 

Angesichts der Schätzungen über enormes Bevölkerungswachstum sowie der immer 

schwerwiegender werdenden Folgen des Klimawandels ist das Verständnis des 

Zellzyklus in Pflanzen – insbesondere im Stresskontext – von größter Bedeutung für 

unsere Nahrungsmittelproduktionskapazitätenoptimierung. 

In meiner Doktorarbeit präsentiere ich meine Forschung am DREAM-Komplex 

in Pflanzen, einem Schlüsselregulator des Zellzyklus, beginnend mit der 

Identifizierung des vollständigen orthologen Komplexes in Arabidopsis thaliana und 

endend mit einem Fokus auf zwei homologe pflanzenspezifische DREAM-

Komponenten, FLIC und FLAC. 

Das erste Kapitel beinhaltet unsere veröffentlichten Ergebnisse zur 

Untersuchung des DREAM-Komplexes in Pflanzen im Rahmen von genotoxischem 

Stress. Wir identifizieren die Gesamtheit des kanonischen DREAM-Komplexes in 

Arabidopsis thaliana, einschließlich der zuvor unbekannten Orthologe LIN37 und 

LIN52, indem wir Interaktoren von RBR1 unter DNA-schädigenden Bedingungen 

ermitteln. Dort entdeckten wir auch den Transkriptionsfaktor NAC044, der den 

Zellzyklus in Reaktion auf genotoxische Beleidigungen arretiert, und wir weisen seine 

physische Interaktion mit RBR1 und LIN37B nach. Wir zeigen, dass Mutanten von 

NAC044, LIN37A und LIN37B sowie E2FB alle eine Toleranz, d. h. ein Versagen, den 

Zellzyklus bei DNA-Schäden angemessen zu stoppen, aufweisen. Diese Ergebnisse 

deuten auf eine Zusammenarbeit des DREAM-Komplexes mit NAC044 hin, um 

angemessen auf genotoxische Herausforderungen zu reagieren. 

In unserem Preprint, das das zweite Kapitel umfasst, charakterisieren wir zwei 

neue pflanzenspezifische DREAM-Komponenten, FLIC und FLAC. Das Fehlen beider 

führt zu pleiotropen Phänotypen, einschließlich Zwergwuchs, früher Blüte und 
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schweren Fertilitätsdefekten. Um mehr über die Ursache dahinter herauszufinden, 

untersuchten wir das Interaktom von FLIC und FLAC, und wir konnten den gesamten 

DREAM-Komplex sowie das JMJ14/NAC050/NAC052-Modul, einen bekannten 

Blührepressor-Komplex, nachweisen. Wir demonstrieren einen frühen 

Blütenübergang auch bei lin37-Mutanten und eine physische Interaktion von FLIC, 

FLAC und NAC050 mit LIN37B. Diese Ergebnisse beziehen den DREAM-Komplex in die 

Regulation der Blütezeit ein und bieten einen mechanistischen Rahmen, der 

beschreibt, wie er diesen Prozess steuert. 

Im letzten Kapitel präsentiere ich eine weitere Analyse der Rollen von FLIC und 

FLAC, indem ich eine Phytohormon-Dysregulation in ihrer Abwesenheit beleuchte. Ich 

konzentriere mich auf den Jasmonsäure-Weg, da mRNA-Seq-Daten auf eine 

scheinbar konstitutive Hochregulierung der Jasmonat-Biosynthese hindeuten. Wir 

bestätigen dieses Resultat durch direkte Messung des Methyljasmonat-Spiegels, der 

in flic flac-Mutantenkeimlingen erhöht ist. In diesem genetischen Hintergrund 

untersuche ich mehrere Jasmonat-beeinflusste Phänotypen und zeige, dass sie 

konsequent im Gegensatz zu coi1-Mutanten stehen, die gegenüber Jasmonsäure 

unempfindlich sind. Bemerkenswerterweise zeigen Mutanten von ZmFlac, dem 

einzigen Orthologen in Zea mays, eine Entwicklungsverzögerung, was demonstriert, 

dass unsere Ergebnisse auch in Nutzpflanzen relevant sind. Diese Beobachtungen 

beziehen die DREAM-Komponenten FLIC und FLAC in einen weiteren wichtigen 

Kontrollmechanismus ein. 

Zusammenfassend präsentiert diese Doktorarbeit bedeutende Einblicke in die 

Funktionalität des Zellzyklus in Pflanzen, insbesondere unter dem Aspekt der 

Stressreaktion und -regulation, wobei der Fokus auf dem DREAM-Komplex und seinen 

pflanzenspezifischen Komponenten FLIC und FLAC liegt. Die hier vorgestellten 

Erkenntnisse vertiefen nicht nur unser Wissen über pflanzliche Zellmechanismen, 

sondern haben auch potenzielle Auswirkungen auf landwirtschaftliche Praktiken. 
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Introduction 

Pivotally, plants possess a plethora of processes pertaining to providing them 

proficiency in preparing their proper proliferation and propagation, promoting their 

potential for persistence and population perpetuity. Examples include the tight 

regulation of the cell cycle, which consists of the precise sequence of gap 1 (G1), 

synthesis (S), G2, and mitosis (M) phases, the response to diverse stresses, such as 

DNA damage, or the decision to initiate floral transition. Defects in co-ordinating 

these essential mechanisms can lead to impaired development, diminished fitness, 

and even demise. 

A master regulator involved in all of these processes is called DP, RB-like, E2F, 

and multi-vulval class B (MuvB)-core (DREAM) complex (Korenjak et al, 2004; Fischer 

& DeCaprio, 2015; Magyar et al, 2016; Fischer et al, 2022). It is conserved across 

eukaryotes and consists of a constant core sub-complex (MuvB) and a fluctuating 

combination of interactors, that depends on cell cycle state and phase, 

developmental stage, as well as environmental cues and stresses, to target different 

sets of genes (Korenjak et al, 2004; Litovchick et al, 2007; Schmit et al, 2007; Kobayashi 

et al, 2015; Magyar et al, 2016; Lang et al, 2021, 2023; Asthana et al, 2022; Koliopoulos 

et al, 2022). 

In Arabidopsis thaliana, the MuvB-core is comprised of ALWAYS EARLY (ALY), 

LIN37, LIN52, TESMIN/TSO1-LIKE CXC (TCX), and MULTICOPY SUPPRESSOR OF IRA (MSI) 

homologues. Its flexible association with interactors, including RETINOBLASTOMA-

RELATED 1 (RBR1), DIMERIZATION PARTNER (DP), E2 PROMOTER BINDING FACTOR (E2F), 

and MYELOBLASTOMA 3R (MYB3R), plays a crucial role in specifying the magnitude as 

well as the quality of transcriptional regulation, enabling the complex to 

appropriately initiate and maintain control over a varying array of target genes (as 

recently reviewed in the context of mammals in Fischer et al, 2022). Since naming of 

DREAM components varies wildly between organisms, I give an overview over their 

names in different species in Table 1. 

Research on the DREAM complex in animals is far more advanced than in 

plants, where it only recently has been identified entirely (Ning et al, 2020; Lang et al, 

2021). Thus, I will begin by briefly reviewing what has been described in the animal 

kingdom before presenting what is known in plants. 

https://paperpile.com/c/Y9iqIn/t5B1+rHmo+8KBg+bgS5
https://paperpile.com/c/Y9iqIn/t5B1+rHmo+8KBg+bgS5
https://paperpile.com/c/Y9iqIn/t5B1+qSKI+XrAq+cHk6+nWYd+zyct+bQp8+bgS5+iKaF
https://paperpile.com/c/Y9iqIn/t5B1+qSKI+XrAq+cHk6+nWYd+zyct+bQp8+bgS5+iKaF
https://paperpile.com/c/Y9iqIn/t5B1+qSKI+XrAq+cHk6+nWYd+zyct+bQp8+bgS5+iKaF
https://paperpile.com/c/Y9iqIn/t5B1+qSKI+XrAq+cHk6+nWYd+zyct+bQp8+bgS5+iKaF
https://paperpile.com/c/Y9iqIn/t5B1+qSKI+XrAq+cHk6+nWYd+zyct+bQp8+bgS5+iKaF
https://paperpile.com/c/Y9iqIn/rHmo/?prefix=as%20recently%20reviewed%20in%20the%20context%20of%20mammals%20in
https://paperpile.com/c/Y9iqIn/rHmo/?prefix=as%20recently%20reviewed%20in%20the%20context%20of%20mammals%20in
https://paperpile.com/c/Y9iqIn/zyct+7ADl
https://paperpile.com/c/Y9iqIn/zyct+7ADl
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Table 1. Naming of MuvB-core and selected DREAM proteins in different organisms 

(Beall et al, 2007; Sadasivam & DeCaprio, 2013; Guiley et al, 2015; Kim et al, 2015; 

Kobayashi et al, 2015; Magyar et al, 2016; Laktionov et al, 2018; Lang et al, 2021, 2023; 

Goetsch & Strome, 2022). ALY, ALWAYS EARLY; B-MYB, B-Myeloblastoma; BTE, BARRIER 

OF TRANSCRIPTION ELONGATION; BTL, BTE1-LIKE; Caf, Chromatin assembly factor; DP, 

DIMERIZATION PARTNER; DPL, DP-like; EFL, E2F-like; E2F, E2 PROMOTER BINDING 

FACTOR; FLAC, FLORAL ANTICIPATION CONTROLLER; FLIC, FLORAL INDUCTION 

CONTROLLER; FOXM, Forkhead box protein M; LIN, ABNORMAL CELL LINEAGE PROTEIN; 

Mip, Myb-interacting protein; MSI, MULTICOPY SUPPRESSOR OF IRA; Myb, 

Myeloblastoma; MYB3R, MYELOBLASTOMA 3R; NAC, NAM, ATAF1, and CUC1/CUC2; RBBP, 

RB-binding protein; Rbf, Retinoblastoma family; RBR, RETINOBLASTOMA-RELATED; 

TCX, TESMIN/TSO1-LIKE CXC; Tomb, Tombola; Wuc, Wake-up-call. 

Arabidopsis Caenorhabditis Drosophila Homo 
DREAM DRM dREAM/tMAC DREAM 

MuvB-core 

ALY LIN-9 Mip130/Aly LIN9 
LIN37 LIN-37 Mip40/Mip40 LIN37 
LIN52 LIN-52 Lin52/Wuc LIN52 
MSI LIN-53 Caf1/Caf1 RBBP4 
TCX LIN-54 Mip120/Tomb LIN54 

Key MuvB interactors 

DP DPL-1 Dp/− DP 
E2F EFL-1 E2f2/− E2F 
RBR1 LIN-35 Rbf/− p107/p130 
MYB3R − Myb/− B-MYB 
− − − FOXM1 
FLIC/FLAC − − − 
NAC044 − − − 
BTE1/BTL1 − − − 

 

The DREAM complex in animals 

The RB1 and E2F genes were discovered long ago (Knudson, 1971; Yunis & 

Ramsay, 1978; Cavenee et al, 1983; Kovesdi et al, 1986; Yee et al, 1987; Weinberg, 1991). 

In the early 1990s, the interaction and behaviour of their corresponding proteins was 

characterised as controlled by as well as controlling the cell cycle (Chellappan et al, 

1991; Nevins, 1992; Weintraub et al, 1992), but the discovery of the DREAM complex 

https://paperpile.com/c/Y9iqIn/HY1b+zyct+iKaF+yZqa+gf6U+IYiD+bgS5+uHfE+bQp8+1qY6
https://paperpile.com/c/Y9iqIn/HY1b+zyct+iKaF+yZqa+gf6U+IYiD+bgS5+uHfE+bQp8+1qY6
https://paperpile.com/c/Y9iqIn/HY1b+zyct+iKaF+yZqa+gf6U+IYiD+bgS5+uHfE+bQp8+1qY6
https://paperpile.com/c/Y9iqIn/E69y+MTAt+6X99+TO6z+AetZ+EhjD
https://paperpile.com/c/Y9iqIn/E69y+MTAt+6X99+TO6z+AetZ+EhjD
https://paperpile.com/c/Y9iqIn/ElKV+wV88+27Xs
https://paperpile.com/c/Y9iqIn/ElKV+wV88+27Xs


Lucas Lang 
7 

Introduction 
 

 

 

only occurred more than a decade later. While individual members of the MuvB-core 

were identified in Caenorhabditis elegans before the exact nature of their 

interrelation had been unravelled (Beitel et al, 2000; Thomas et al, 2003), it soon 

became clear that they associate in a Drosophila melanogaster RBF, dE2F2, and 

dMyb-interacting proteins (dREAM) complex (Korenjak et al, 2004; Lewis et al, 2004). 

Not much later, this complex was also identified in Caenorhabditis elegans, however, 

Myb orthologues were notably absent as there exists no known orthologue in 

nematodes, and it was analogously named DP, Rb, and MuvB (DRM) complex 

(Harrison et al, 2006; Davidson et al, 2013). Identification in mammalian cells followed 

shortly after, where it was occasionally called Abnormal cell lineage protein complex 

(LINC) (Litovchick et al, 2007; Pilkinton et al, 2007; Schmit et al, 2007). Whereas RB 

itself could not be identified as a member of the DREAM complex, its homologous 

pocket proteins p130 and p107 could (Guiley et al, 2015). In the same year as the 

mammalian DREAM complex was discovered, a tissue-specific dREAM paralogue 

called testis-specific meiotic arrest complex (tMAC) was described in Drosophila 

melanogaster, which is crucial for cell differentiation and meiotic cell cycle 

progression (Beall et al, 2007; Lu & Fuller, 2015). The current model of DREAM 

compositions in different animal species is shown in Figure 1. 

The canonical role of the DREAM complex is that of a transcriptional cell cycle 

master regulator, however, especially outside of mammals, such as in Drosophila 

melanogaster and Caenorhabditis elegans, DREAM-like complexes also target 

developmental, apoptosis-related, and reproductive genes (Georlette et al, 2007; 

Litovchick et al, 2007; Schmit et al, 2007; Tabuchi et al, 2011; Lee et al, 2012; Lewis et 

al, 2012; Rovani et al, 2012; Sadasivam et al, 2012; Chen et al, 2013; Esterlechner et al, 

2013; Kudron et al, 2013; Latorre et al, 2015). While the DREAM complex has the ability 

to keep cells quiescent and exhibits largely, but not exclusively, repressive functions 

in G1/S phases, the recruitment of B-MYB and Forkhead box protein M1 (FOXM1) is 

required for timely activation and proper expression of G2/M genes (as reviewed in 

Fischer et al, 2022). Transcriptional specificity is fundamentally achieved by the 

presence or absence of promoter motifs. In human, LIN54 has been demonstrated to 

bind to cell cycle genes homology regions (CHRs) and CHR-like elements (CLEs), while 

the E2F/DP module binds to cell cycle-dependent elements (CDEs). These motifs can 

https://paperpile.com/c/Y9iqIn/m36N+OdZ9
https://paperpile.com/c/Y9iqIn/t5B1+j5gG
https://paperpile.com/c/Y9iqIn/7xPM+SLKz
https://paperpile.com/c/Y9iqIn/qSKI+61h6+XrAq
https://paperpile.com/c/Y9iqIn/IYiD
https://paperpile.com/c/Y9iqIn/yZqa+pnS4
https://paperpile.com/c/Y9iqIn/qSKI+XrAq+l8hr+J8Ye+eYZJ+OaUM+WQyQ+f3c5+JtgB+qKTB+ahMx+jr06
https://paperpile.com/c/Y9iqIn/qSKI+XrAq+l8hr+J8Ye+eYZJ+OaUM+WQyQ+f3c5+JtgB+qKTB+ahMx+jr06
https://paperpile.com/c/Y9iqIn/qSKI+XrAq+l8hr+J8Ye+eYZJ+OaUM+WQyQ+f3c5+JtgB+qKTB+ahMx+jr06
https://paperpile.com/c/Y9iqIn/qSKI+XrAq+l8hr+J8Ye+eYZJ+OaUM+WQyQ+f3c5+JtgB+qKTB+ahMx+jr06
https://paperpile.com/c/Y9iqIn/rHmo/?prefix=as%20reviewed%20in
https://paperpile.com/c/Y9iqIn/rHmo/?prefix=as%20reviewed%20in
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occur solely or in tandem, offering a further level of regulation (Müller & Engeland, 

2010; Tabuchi et al, 2011; Korenjak et al, 2012; Müller et al, 2012, 2014, 2017; Fischer & 

Müller, 2017). Thus, throughout the cell cycle, DREAM-like complexes have the ability 

to regulate genes on several levels and through various mechanisms. 

 

 

Figure 1. The composition of DREAM-like complexes in different animal species. Blue 

ovals represent MuvB-core members, grey ovals signify members of the Rb and E2F 

families that are not participating in DREAM-like complexes (Walston et al, 2021). 

 

If cellular proliferation is warranted, the abolishment of DREAM-facilitated 

G1/S repression is initiated by cyclin D–cyclin-dependent kinase 4/6 (CDK4/6) 

phosphorylating p130, thereby occluding an LxCxE binding cleft within the pocket 

protein, which is bound by the LxSxExL motif of LIN52 when accessible. Dissociation 

of p130–E2F and subsequently of p130–LIN52 binding results in loss of DREAM 

association with G1/S gene promoters (Guiley et al, 2015; Schade et al, 2019b). Activity 

of RB-binding protein 4 (RBBP4), another MuvB-core member, has to be 

counteracted, since it has been described to interact with RB, Histone deacetylases 

(HDACs), histones H3 and H4, as well as chromatin-bound proteins to regulate 

histone acetylation status and in consequence E2F target gene repression (Qian et 

al, 1993; Hassig et al, 1997; Zhang et al, 1999, 2013; Nicolas et al, 2000, 2001; Taylor-

Harding et al, 2004; Murzina et al, 2008; Saade et al, 2009; Millard et al, 2016). At the 

same time, the long-known and well-described process of RB phosphorylation takes 

https://paperpile.com/c/Y9iqIn/UmB9+28xo+atZS+Xw54+cdso+BRom+JtgB
https://paperpile.com/c/Y9iqIn/UmB9+28xo+atZS+Xw54+cdso+BRom+JtgB
https://paperpile.com/c/Y9iqIn/UmB9+28xo+atZS+Xw54+cdso+BRom+JtgB
https://paperpile.com/c/Y9iqIn/8QkN
https://paperpile.com/c/Y9iqIn/IYiD+666P
https://paperpile.com/c/Y9iqIn/PMs8+PQLq+lJW3+Ezvm+xXNM+EmLQ+BL1g+I3j3+juKh+ITOT
https://paperpile.com/c/Y9iqIn/PMs8+PQLq+lJW3+Ezvm+xXNM+EmLQ+BL1g+I3j3+juKh+ITOT
https://paperpile.com/c/Y9iqIn/PMs8+PQLq+lJW3+Ezvm+xXNM+EmLQ+BL1g+I3j3+juKh+ITOT
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place, leading to a de-repression of activator E2Fs, an event which marks the 

commitment to cell division (Pardee, 1974; Weintraub et al, 1992; Yao et al, 2008; Dick 

& Rubin, 2013; Burke et al, 2014; Narasimha et al, 2014). 

A hallmark of cell cycle progression past the S phase is the transformation of 

the DREAM complex into the B-MYB–MuvB (MMB) complex by binding B-MYB and 

subsequently, by addition of the transcription factor FOXM1, into the MMB–FOXM1 

complex, substantially increasing its activating ability (Sadasivam et al, 2012). This 

assembly is tightly regulated to appropriate conditions, on the one hand 

transcriptionally through DREAM complex-facilitated repression itself and on the 

other hand by B-MYB and FOXM1 protein degradation (Litovchick et al, 2007; Laoukili 

et al, 2008; Park et al, 2008; Okumura et al, 2017). Once mitogenic signals are received, 

B-MYB and FOXM1 expression is promoted, which is sufficient to disrupt the DREAM 

complex (Eisinger-Mathason et al, 2015; Iness et al, 2019; Pattschull et al, 2019; Nilsson 

et al, 2020). At the same time, p130, E2F4, and DP dissociate from the complex 

(Litovchick et al, 2007; Pilkinton et al, 2007; Schmit et al, 2007; Sadasivam et al, 2012). 

B-MYB and FOXM1 are further phosphorylated by CDKs as well as Polo-like kinase 1 

(Plk1), which is required for their activation (Johnson et al, 1999; Marceau et al, 2019; 

Werwein et al, 2019; Gallo et al, 2022). B-MYB as well as FOXM1 bind to CHR motifs 

through their association with the MuvB-core, and consequently, Myb binding sites 

are not enriched in promoters of G2/M genes as one might expect (Matsuo et al, 2012; 

Müller et al, 2012, 2014, 2017; Chen et al, 2013). This further explains an earlier finding 

that Myb’s DNA-binding domain is dispensable in Drosophila melanogaster (Wen et 

al, 2008). Notably, whereas pocket proteins and B-MYB seem to never be integrated 

at the same time in mammalian complexes, Rbf and Myb can occur together in the 

same complex in Drosophila melanogaster (Sadasivam & DeCaprio, 2013), 

demonstrating that although such complexes are conserved across species, 

substantial differences have evolved. 

Cells can respond to stress and/or differentiation signals by exiting the cell 

cycle into a phase called G0. The DREAM complex as well as RB are considered main 

regulators in maintaining this state, known as quiescence, senescence, or 

differentiation, temporarily or permanently (Mages et al, 2017; Schade et al, 2019b). 

While it is difficult to determine redundancy between these players due to partially 

https://paperpile.com/c/Y9iqIn/27Xs+SNSx+Eko5+PYvQ+NGUQ+gMM6
https://paperpile.com/c/Y9iqIn/27Xs+SNSx+Eko5+PYvQ+NGUQ+gMM6
https://paperpile.com/c/Y9iqIn/l8hr
https://paperpile.com/c/Y9iqIn/y2kW+mYwe+If88+qSKI
https://paperpile.com/c/Y9iqIn/y2kW+mYwe+If88+qSKI
https://paperpile.com/c/Y9iqIn/zVIE+cc8m+0RzZ+FVqJ
https://paperpile.com/c/Y9iqIn/zVIE+cc8m+0RzZ+FVqJ
https://paperpile.com/c/Y9iqIn/61h6+XrAq+qSKI+l8hr
https://paperpile.com/c/Y9iqIn/qt9h+2555+Ta6A+hlYl
https://paperpile.com/c/Y9iqIn/qt9h+2555+Ta6A+hlYl
https://paperpile.com/c/Y9iqIn/9MJW+Xw54+cdso+UmB9+J8Ye
https://paperpile.com/c/Y9iqIn/9MJW+Xw54+cdso+UmB9+J8Ye
https://paperpile.com/c/Y9iqIn/qHLp
https://paperpile.com/c/Y9iqIn/qHLp
https://paperpile.com/c/Y9iqIn/1qY6
https://paperpile.com/c/Y9iqIn/oLGL+666P
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reciprocal as well as redundant control mechanisms (as reviewed in Fischer et al, 

2022), concomitant loss of both abrogates the ability to arrest or exit the cell cycle 

completely (Uxa et al, 2019). In this, RB plays a crucial role in chromatin 

reorganisation, promoting a stable heterochromatin state which represses cell cycle 

gene expression (Narita et al, 2003; Grigoryev et al, 2006; Blais et al, 2007). Two 

important prerequisites for entering the G0 state are on the one hand the activation 

of Protein phosphatase 2A (PP2A) in the preceding G2 phase to counteract CDK-

mediated phosphorylation of pocket proteins and on the other hand the 

phosphorylation of serine 28 (S28) on LIN52 by Dual specificity tyrosine-

phosphorylation-regulated kinase 1A (DYRK1A) to facilitate DREAM complex assembly 

(Litovchick et al, 2011; Boichuk et al, 2013; Kolupaeva & Janssens, 2013; Naetar et al, 

2014; Kurimchak & Graña, 2015; MacDonald et al, 2017). Subsequently, inhibition of 

CDKs and RB-dependent activation of the p53–p21 pathway enables cells to 

continuously suppress cell cycle progression by p53-mediated recruitment of E2F4, 

p130, and RB to promoters of cell cycle genes as well as stabilisation of repressive 

DREAM complexes (Harrington et al, 1998; Flatt et al, 2000; Gottifredi et al, 2001; Taylor 

et al, 2001; Polager & Ginsberg, 2003; Jackson & Pereira-Smith, 2006; Mannefeld et al, 

2009; Calvisi et al, 2011; Quaas et al, 2012; Fischer et al, 2014, 2016a, 2016b; Schade et 

al, 2019a; Uxa et al, 2019). 

Interestingly, still not much is known about the exact mechanism of how the 

DREAM complex represses gene expression (as reviewed in Fischer et al, 2022). In 

quiescent cells, p130, which is able to bind the repressive transcription factors E2F4 

and E2F5, is the predominant pocket protein, whereas p107 is virtually undetectable 

(Takahashi et al, 2000; Litovchick et al, 2007). The selectivity for p130 is facilitated by 

the phosphorylation of S28 in LIN52 by DYRK1A, as p130 is only found with LIN52 

phosphorylated at S28. Knockdown of p130 expression leads to elevated levels of 

p107, which could then be observed complementing the role of p130 to some degree 

(Litovchick et al, 2007). This being said, complete loss of p130 in BALB/c mice could 

be observed as embryonically lethal, whereas loss of p107 results in cell cycle and 

growth defects (LeCouter et al, 1998a, 1998b). Abolishment of both p107 and p130 led 

to neonatal lethality in knockout mice and promoted cell cycle re-entry of quiescent 

cells in mouse embryonic fibroblasts (MEFs) (Cobrinik et al, 1996; Hurford et al, 1997). 

https://paperpile.com/c/Y9iqIn/rHmo/?prefix=as%20reviewed%20in
https://paperpile.com/c/Y9iqIn/rHmo/?prefix=as%20reviewed%20in
https://paperpile.com/c/Y9iqIn/WozP
https://paperpile.com/c/Y9iqIn/SABi+qJ6Q+OzzO
https://paperpile.com/c/Y9iqIn/snTA+rU6P+n0gb+ZMQg+xyEX+eyzF
https://paperpile.com/c/Y9iqIn/snTA+rU6P+n0gb+ZMQg+xyEX+eyzF
https://paperpile.com/c/Y9iqIn/nWar+WozP+ycE7+qcKO+jGHY+ihlr+Zi4Q+xZcd+uZkH+x8ZT+kPTE+RHPT+3N3p+sEG8
https://paperpile.com/c/Y9iqIn/nWar+WozP+ycE7+qcKO+jGHY+ihlr+Zi4Q+xZcd+uZkH+x8ZT+kPTE+RHPT+3N3p+sEG8
https://paperpile.com/c/Y9iqIn/nWar+WozP+ycE7+qcKO+jGHY+ihlr+Zi4Q+xZcd+uZkH+x8ZT+kPTE+RHPT+3N3p+sEG8
https://paperpile.com/c/Y9iqIn/nWar+WozP+ycE7+qcKO+jGHY+ihlr+Zi4Q+xZcd+uZkH+x8ZT+kPTE+RHPT+3N3p+sEG8
https://paperpile.com/c/Y9iqIn/rHmo/?prefix=as%20reviewed%20in
https://paperpile.com/c/Y9iqIn/qSKI+Zpiq
https://paperpile.com/c/Y9iqIn/qSKI
https://paperpile.com/c/Y9iqIn/PB4D+Dv3z
https://paperpile.com/c/Y9iqIn/UbBV+gbTZ
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Similarly, inhibition of DYRK1A leads to impaired DREAM complex assembly as well as 

a diminished ability to enter quiescence, ultimately harbouring oncogenic potential 

(Litovchick et al, 2011). In contrast, E2f4 E2f5 double-knockout MEFs show a normal 

cell cycle re-entry but an impaired ability for G1 arrest (Gaubatz et al, 2000). 

Regarding MuvB-core components, depletion of LIN52 results in a G2/M arrest 

of gastrointestinal stromal tumour cells, while mutation of its crucial S28 to alanine 

hinders entry into quiescence due to impairment of DREAM complex formation in BJ 

skin fibroblasts (Litovchick et al, 2011; Boichuk et al, 2013). Interestingly, abolishment 

of LIN37 leads to a crucial loss of repressive ability, but the structural integrity of the 

DREAM complex is largely maintained (Mages et al, 2017). In mice, mutation of either 

B-myb, Foxm1, or Lin9 results in embryonic lethality due to mitotic arrest, as they lack 

the required expression of essential mitotic genes, and loss of Lin9 in adult mice is 

fatal within seven days (Tanaka et al, 1999; Krupczak-Hollis et al, 2004; Reichert et al, 

2010). A similar mitotic arrest could be observed for Lin9 and B-myb knockdown 

mutants in F9 murine embryonal carcinoma cells as well as in absence of LIN54 in 

HeLa cells (Kittler et al, 2007; Knight et al, 2009). Experiments in murine testicular GC-

1 cells showed that abolishment of the Lin54 DNA-binding domain was sufficient to 

cause these phenotypes, while mutation of lin9 in Danio rerio revealed defects 

spread across mitotic entry, metaphase/anaphase transition, as well as cytokinesis 

(Kleinschmidt et al, 2009; Matsuo et al, 2012). Interestingly, Foxm1 mutation in MEFs 

also leads to mitotic arrest but additionally incurs early senescence (Wang et al, 

2005). These corresponding phenotypes make sense given the fact that B-myb 

mutant cells also exhibit almost complete abrogation of FoxM1 and Lin9 binding to 

promoters of late cell cycle genes with no additivity on further mutations, 

demonstrating a strong interdependability (Down et al, 2012; Sadasivam et al, 2012). 

However, FoxM1 knockdown does not affect the rest of the complex, indicating that 

the MuvB-core is the central connective element (Sadasivam et al, 2012). 

The DREAM complex appears to also play a crucial role in stress responses, 

and they are being progressively elucidated. While its implication in most stress 

responses remains poorly understood, the role of LIN-35, the only Caenorhabditis 

elegans pocket protein, has been recently reviewed, and its attenuating role in 

temperature stress was illuminated not long ago (González-Rangel & Navarro, 2021; 

https://paperpile.com/c/Y9iqIn/rU6P
https://paperpile.com/c/Y9iqIn/AsP8
https://paperpile.com/c/Y9iqIn/rU6P+n0gb
https://paperpile.com/c/Y9iqIn/oLGL
https://paperpile.com/c/Y9iqIn/2IQc+b109+ZCCu
https://paperpile.com/c/Y9iqIn/2IQc+b109+ZCCu
https://paperpile.com/c/Y9iqIn/HMzt+DHCO
https://paperpile.com/c/Y9iqIn/9MJW+XcXJ
https://paperpile.com/c/Y9iqIn/mb57
https://paperpile.com/c/Y9iqIn/mb57
https://paperpile.com/c/Y9iqIn/l8hr+OseV
https://paperpile.com/c/Y9iqIn/l8hr
https://paperpile.com/c/Y9iqIn/mcV5+Xb6u
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Mikeworth et al, 2023). Revelatorily, the DREAM complex has recently been 

characterised as a master regulator of somatic DNA repair capacities in 

Caenorhabditis elegans, as it has been discovered to suppress an array of DNA repair 

genes involved in all major repair pathways (Bujarrabal-Dueso et al, 2023). Similar 

results could be obtained previously in human cells through DYRK1A inhibition 

(Göckler et al, 2009; Ogawa et al, 2010). 

Naturally, mutation in DREAM components, being key cell cycle regulators, 

plays a frequent role in carcinogenesis. Since this dissertation is focused on plants, 

and plants can only develop tumours but not cancer, I want to refer the interested 

reader to some of the reviews that have been written about the role of the DREAM 

complex in cancer (Doonan & Sablowski, 2010; Sadasivam & DeCaprio, 2013; Fischer 

& Müller, 2017). 

While a lot is known about the DREAM complex in animals, there are still many 

open points to address, and research questions are plenty. To highlight the fact that 

some essential modes of functionality are yet unclear, and since this has been 

reviewed extensively very recently, I want to mention some outstanding questions 

verbatim (Fischer et al, 2022): 

﹘ “How do DREAM and RB:E2F complexes coordinate their binding to E2F 

promoter motifs? From a biochemical and steric viewpoint, it is unlikely 

that they can bind together. Can both complexes reside at the chromatin, 

leading to an interchangeable binding? What factors affect their binding 

dynamics? In RB-mutated cancer, do activating E2F1–3 compete with the 

DREAM complex for binding to the E2F promoter site?” 

﹘ “Do the p130:DREAM and p107:DREAM complexes have distinct functions?” 

﹘ “What additional post-translational modifications and interaction 

partners regulate the functions and composition of MuvB complexes?” 

﹘ “How does FOXM1 get recruited to MMB and what exact role does B-MYB 

have in this?” 

It will be captivating to follow future research tackling the important questions 

of how DREAM-like complexes assemble, compete, and function in detail as well as 

how many layers of regulatory potential are exactly available. 

https://paperpile.com/c/Y9iqIn/mcV5+Xb6u
https://paperpile.com/c/Y9iqIn/NuDW
https://paperpile.com/c/Y9iqIn/gExQ+vzVp
https://paperpile.com/c/Y9iqIn/FmHE+1qY6+28xo
https://paperpile.com/c/Y9iqIn/FmHE+1qY6+28xo
https://paperpile.com/c/Y9iqIn/rHmo
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The DREAM complex in plants 

While there exists a paucity of research on the DREAM complex in plants, 

several groups were able to elucidate this subject from different angles in recent 

years. Already decades ago, DREAM components were identified as controlling the 

cell cycle outside of a DREAM context. RBR1, the single pocket protein in Arabidopsis 

thaliana, has been shown to contribute to differentiation, promoting cell cycle exit 

(Wyrzykowska et al, 2006; Gutzat et al, 2011). In complex with E2FA, it stimulates 

proliferation as well as the post-mitotic endocycle, and MYB3Rs were characterised 

to activate late G2/M genes, just like their animal counterparts (Haga et al, 2011; 

Magyar et al, 2012; Kobayashi et al, 2015). 

Arabidopsis thaliana MuvB-core components have only been discovered as 

such in 2015. While plant MYB3Rs use an alternative motif in their target promoters 

called M-specific activator (MSA) element (Ito et al, 1998, 2001), there was also an 

enrichment detected at E2F target sites, inspiring a search for a larger complex. After 

the discovery of the MuvB-core members ALY and TCX as part of such a complex, a 

model featuring two distinct DREAM complexes, one activating and one repressing, 

was developed. Surprisingly, both variants contained RBR1 as well as distinct MYB3R 

homologues, hence, a distinction between DREAM complex and MMB complex does 

not make sense in plants. In this model, the specifically bound E2F and MYB3R 

homologues crucially confer activating or repressing activity to the complex (Fischer 

& DeCaprio, 2015; Kobayashi et al, 2015). A switch between repressor and activator 

MYB3Rs occurs in the G2 phase, once G2/M genes are desired to be expressed. 

Notably, MYB3R1 in particular has been demonstrated to have a marked dual role, 

contributing significantly to both activating and repressive abilities (Kobayashi et al, 

2015; Magyar et al, 2016). 

Curiously, neither LIN37 nor LIN52 orthologues could be detected during the 

initial identification of MuvB-core members (Fischer & DeCaprio, 2015; Kobayashi et 

al, 2015; Magyar et al, 2016). It took until the early 2020s to finally identify these 

missing components and to establish a complete orthologous MuvB-core in plants. 

The plant DREAM complex was thereby characterised as having substantial roles in 

DNA damage repair as well as in DNA methylation (Ning et al, 2020; Lang et al, 2021). 

https://paperpile.com/c/Y9iqIn/3Hex+mj3u
https://paperpile.com/c/Y9iqIn/FRYb+M2ua+iKaF
https://paperpile.com/c/Y9iqIn/FRYb+M2ua+iKaF
https://paperpile.com/c/Y9iqIn/JWnX+P058
https://paperpile.com/c/Y9iqIn/iKaF+8KBg
https://paperpile.com/c/Y9iqIn/iKaF+8KBg
https://paperpile.com/c/Y9iqIn/bgS5+iKaF
https://paperpile.com/c/Y9iqIn/bgS5+iKaF
https://paperpile.com/c/Y9iqIn/iKaF+8KBg+bgS5
https://paperpile.com/c/Y9iqIn/iKaF+8KBg+bgS5
https://paperpile.com/c/Y9iqIn/zyct+7ADl


14 
Lucas Lang 
Introduction 

 

Looking for novel regulators of methylation levels in a reverse genetics screen, 

TCX5 and TCX6 were identified as working partially redundantly to limit DNA 

methylation mainly in quiescent cells, and the missing DREAM components could be 

identified in a complex with them. In a tcx5 tcx6 double mutant, the resulting 

hypermethylation causes excessive cell proliferation and consequently enlarged 

organ size through diminished suppression of methylation maintenance genes. 

Methylation levels in aly2 aly3, lin37ab, and myb3r1 mutants could be detected as 

similarly increased, strongly indicating a functionality that is centred on the DREAM 

complex as a whole (Ning et al, 2020). These results provided a new perspective on 

DREAM functionality since research on the DREAM complex in conjunction with 

methylation maintenance in animals is only recent and scarce (Gal et al, 2021). 

Congruent with what has been discovered in animals two years later (Bujarrabal-

Dueso et al, 2023), the DREAM complex has further been shown to govern plant growth 

in response to DNA damage. The entirety of the complex was identified in the RBR1 

interactome under genotoxic stress conditions and was linked with the plant-specific 

NAM, ATAF1, and CUC1/CUC2 (NAC) type transcription factor NAC044. It was shown that 

mutants of nac044, lin37ab, as well as e2fb are tolerant to DNA damage, failing to 

properly initiate growth arrest (Lang et al, 2021). NAC044 is a close homologue of 

SUPPRESSOR OF GAMMA RESPONSE 1 (SOG1), which is thought to share a similar 

functionality with p53 that is absent in plants (Yoshiyama et al, 2014; Bourbousse et 

al, 2018), and binds to RBR1 canonically via its LxCxE motif (Lang et al, 2021). Without 

revealing any connection to the DREAM complex, it had been shown previously that 

nac044 mutants fail to induce G2 arrest upon DNA damage through failure to 

accumulate repressor MYB3R3 (Takahashi et al, 2019). 

More recently, the influence of the DREAM complex on the plant methylome 

has been further elucidated. While two homologous proteins, BARRIER OF 

TRANSCRIPTION ELONGATION 1 (BTE1) and its homologue BTE1-LIKE 1 (BTL1), have 

appeared in previous experiments, they were not characterised and their implication 

remained a mystery (Derkacheva et al, 2013; Ning et al, 2020; Lang et al, 2021). 

Eventually, they were described as plant-specific DREAM members that facilitate 

transcriptional repression by inhibiting WD40 REPEAT 5A (WDR5A), a member of the 

Complex Proteins Associated with Set1 (COMPASS)-like complex which catalyses 

https://paperpile.com/c/Y9iqIn/7ADl
https://paperpile.com/c/Y9iqIn/HC9M
https://paperpile.com/c/Y9iqIn/NuDW
https://paperpile.com/c/Y9iqIn/NuDW
https://paperpile.com/c/Y9iqIn/zyct
https://paperpile.com/c/Y9iqIn/B63j+PNcQ
https://paperpile.com/c/Y9iqIn/B63j+PNcQ
https://paperpile.com/c/Y9iqIn/zyct
https://paperpile.com/c/Y9iqIn/292Z
https://paperpile.com/c/Y9iqIn/BOrm+zyct+7ADl


Lucas Lang 
15 

Introduction 
 

 

 

transcription-promoting DNA methylation. In this context, BTE1 recruitment to 

chromatin has been found as being dependent on E2F, where it, additionally to its 

inhibition of methylation, hinders RNA polymerase II (Pol II) elongation, thereby 

repressing transcription in a twofold way. Lastly, it was demonstrated that bte1 

mutation confers hypersensitivity to DNA damage, presenting another DREAM player 

involved in the response to genotoxic stress (Wang et al, 2022). 

Defects in the transition to flowering upon mutation of MuvB-core members 

have been described occasionally. MSI1 has been researched as a floral transition 

regulator in-depth in the context of the Polycomb Repressive Complex 2 (PRC2), and 

tcx5 and tcx6 mutations have been associated with a late-flowering phenotype, albeit 

with limited detail (Bouveret et al, 2006; Ning et al, 2020). Most recently, the DREAM 

complex has been involved directly in this process unique to plants. This regulation 

appears to be facilitated by another set of homologous, plant-specific DREAM 

components, FLORAL INITIATION CONTROLLER (FLIC) and FLORAL ANTICIPATION 

CONTROLLER (FLAC), whose absence results in early flowering as well as severe 

vegetative phenotypes and fertility defects. Similar early floral transition could also 

be observed in lin37b mutants. In the FLIC/FLAC interactome, the histone 

demethylase JUMONJI 14 (JMJ14)–NAC050/NAC052 module could be detected, which 

themselves control flowering comparably. FLIC, FLAC, and NAC050 interact physically 

with LIN37B, so that either a separate complex or a DREAM complex extension seems 

likely (Lang et al, 2023). 

Curiously, Arabidopsis thaliana LIN52 could not be shown to associate with 

RBR1, and it appears that rather TCXs are facilitating this interaction in plants. This is 

corroborated by the fact that neither the S28 nor the LxSxExL motif are conserved in 

the plant LIN52, making speculation about its role and remaining functionality 

interesting. Generally, no striking phenotypes could be observed so far in lin52ab 

mutants. In lin37ab mutant plants, early flowering and a tolerance to genotoxic insult 

could be observed (Lang et al, 2021, 2023). While absence of TCX5 and TCX6 only leads 

to hyperplasia and some mild phenotypic alterations, combined aly1, aly2, and aly3 

mutations are synthetically lethal (Ning et al, 2020). Although Arabidopsis thaliana 

possesses five homologues of MSI, there has been a strong bias towards finding MSI1 

in the context of DREAM research (Ning et al, 2020; Lang et al, 2021). Homozygous msi1 

https://paperpile.com/c/Y9iqIn/5VCh
https://paperpile.com/c/Y9iqIn/zZHh+7ADl
https://paperpile.com/c/Y9iqIn/bQp8
https://paperpile.com/c/Y9iqIn/zyct+bQp8
https://paperpile.com/c/Y9iqIn/7ADl
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mutation is gametophytically lethal, and reduction in MSI1 levels leads to dramatic 

defects, including methylation-dependent late floral transition and arrest of primary 

inflorescence shoots, but also tolerance to water stress (Hennig et al, 2003; Köhler et 

al, 2003; Schönrock et al, 2006; Alexandre et al, 2009; Xu et al, 2022). 

Depending on the degree, disruption of RBR1 leads to a plethora of vegetative 

and fertility defects up to gametophytic lethality, which has been well characterised 

(Ebel et al, 2004; Chen et al, 2009; Zhao et al, 2017). Together with MSI1, RBR1 controls 

methylation during gametogenesis (Jullien et al, 2008). Interestingly, it also plays 

multifaceted roles during genotoxic stress, with mutants having been characterised 

as hypersensitive (Biedermann et al, 2017; Horvath et al, 2017; Bouyer et al, 2018; Lang 

et al, 2021). During absence of all or some of its interactors E2FA, E2FB, and E2FC, cells 

fail to arrest the cell cycle upon biotic and abiotic challenges and show severe fertility 

defects (Leviczky et al, 2019; Lang et al, 2021). Surprisingly, e2fabc triple mutants 

exhibit a largely unaffected vegetative growth, featuring enlarged organs and 

disrupted cell cycle exit (Wang et al, 2014; Gombos et al, 2023), suggesting that E2Fs 

are required and regulated very specifically to control gene expression in certain 

developmental stages and environmental conditions. Another set of genes is 

controlled by MYB3Rs. A triple mutant of the redundant repressive myb3r1, myb3r3, 

and myb3r5 transcription factors exhibits marked up-regulation of G2/M genes, 

comparable to their animal counterpart, also leading to hyperplasia (Kobayashi et al, 

2015). In contrast, double mutants of the activating myb3r1 and myb3r4 homologues 

have a diminished G2/M gene expression and show pleiotropic vegetative as well as 

severe cytokinesis defects (Haga et al, 2007, 2011). 

While the research of plant DREAM complexes might still be in its infancy, 

many interesting findings have already been made – some on plant-specific 

processes, such as regulation of floral transition, and some on mechanisms that have 

not been well investigated in animals yet, such as methylation maintenance. 

Ultimately, by harnessing the cell cycle in plants, we can significantly enhance 

agricultural yields. This advancement is crucial in meeting the rapidly increasing food 

demands of an ever-growing global population. It will be exciting to follow the 

discoveries of the coming years that hopefully will shed light on all the various 

processes the plant DREAM complex is involved in.  
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This chapter presents a study published in the journal Life Science Alliance on 

28/09/2021. It can be accessed using the doi: 10.26508/lsa.202101141. 

 

The following page shows the cover of Life Science Alliance: Volume 4, No. 12, 

featuring an image I generated and submitted. I want to further acknowledge 

contributions to the cover design by F Böwer. 

 

The image description, as featured on the journal’s website (www.life-science-

alliance.org/content/4/12.cover-expansion, accessed 21/11/2023): “Upregulation of 

mEGFP-NAC044 (coloured in blue to red) in the tip of an Arabidopsis thaliana root 

that has been treated with a genotoxin. Cell walls as well as cells dying due to 

excessive DNA damage are stained by propidium iodide and are coloured in magenta 

(Lang et al.)” 
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This chapter contains a pre-print submitted to bioRxiv on 07/08/2023. It can 

currently be accessed using the doi: 10.1101/2023.08.07.552284. 

 

Since some statistical descriptions are missing from the manuscript in its 

current form, I want to provide the following clarifications: 

 

﹘ In Fig 3C, significant differences were determined by ANOVA and Tukey post 

hoc test (P < 0.05). 

﹘ Fig 4A and B shows a quantification of the same two replicates with 10 plants 

in each replicate per genotype. Significant differences were determined by 

Welch test and Dunnett T3 post hoc test (P < 0.05) in the case of bolting time 

and by ANOVA and Tukey post hoc test (P < 0.05) in the case of leaf number at 

bolting. 

﹘ Fig 4C shows a quantification of two replicates with 9–10 plants in each 

replicate per genotype. Significant differences were determined by Welch test 

and Dunnett T3 post hoc test (P < 0.05). 

﹘ Fig 4D and E shows a quantification of the same two replicates with 8–10 plants 

in each replicate per genotype. Significant differences were determined by 

ANOVA and Tukey post hoc test (P < 0.05). 

 

Further, I want to highlight the following corrigenda: 

 

﹘ Lines 363 ff. wrongly state that phosphorylation of LIN52 at its serine residue 

28 facilitates the switch from repressive to activating DREAM complex. This 

should read: “Moreover, in other organisms, LIN52 has the crucial function of 

facilitating DREAM assembly after being phosphorylated at its serine residue 

28 (Litovchick et al, 2011).” 
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﹘ Lines 445 ff. wrongly state that the mutant lines flic-2 and flic-4 were used in 

this study. This should read: “The mutant lines flic-1 (GK-612E12) and flac-1 (GK-

327D05) were identified from the GABI-KAT (Kleinboelting et al, 2012) T-DNA 

collections and provided by the Nottingham Arabidopsis Stock Centre (NASC) 

(Scholl et al, 2000).” 

 

These points will also be amended in the manuscript before proper 

publication in a journal. 
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Since publication of the data provided in this chapter will be pursued in the 

future, they are given in a publication format. Despite presentation in this manner, 

please note that this is explicitly work in progress; sample sizes and replicate 

numbers in some cases are still small, and further experiments will be completed 

prior to submission to a journal. 

The following manuscript has not been shared with any of the (current) 

collaborators prior to submission of this doctoral thesis, hence, no author list is 

given. Foreign contributions can be found listed in the section “Declaration of 

contributions”. Since they are not available online yet, Sup Tables are available in 

the appendix section. 
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I hereby declare that all results shown in this thesis were obtained by myself, 

except the ones indicated in the respective figure legends and in this list. Here, I 

summarise the contributions from collaborators. 
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﹘ Fig 6 partly contains data and images generated by H Takatsuka and Y Nomoto 
and was created based on these. 

﹘ Fig 7 presents data and images generated by H Takatsuka and Y Nomoto and 
was created based on these. 

﹘ Fig 8 presents data and images generated by Z Magyar. 

﹘ Fig 9 presents data and images generated by A Zaki and was created based on 
these. 
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Chapter 3 

﹘ The transformation and growth of Zea mays to create the Zmflac-c1 line were 
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﹘ Fig 1B was created based on Delgado et al, 2021, as referenced. 
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(Nagoya University). 
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Appendix 

 

Sup Tables of Chapter 3 are provided here. Due to space constraints, gene 

annotations in Table S1 are omitted. 

 

Table S1. DEGs with logfc > 0.7 and P < 0.05 in flic, flac, and flic flac mutant seedlings. 

adj_pvalue, adjusted P-value. 
 

flic / wildtype flac / wildtype flic flac / wildtype 
AGI locus logfc adj_pvalue logfc adj_pvalue logfc adj_pvalue 

AT2G41240 1.92 1 1.90 1 8.87 1.35E-05 
AT3G25180 6.02 0.224520278 0.00 1 7.86 3.99E-05 
AT3G21500 3.97 0.77936201 1.44 1 7.13 3.61E-05 
AT1G72260 0.84 1 -1.82 1 6.91 6.65E-06 
AT4G16590 0.00 1 0.00 1 6.60 0.001705153 
AT4G19690 0.05 1 0.08 1 6.40 0.000230234 
AT1G61120 4.63 0.075252855 -1.50 1 6.37 1.15E-05 
AT5G24780 2.66 0.097947049 -1.66 0.564105009 5.96 7.38E-12 
AT1G58050 0.00 1 3.23 1 5.89 0.014765626 
AT2G16367 2.71 1 0.00 1 5.66 0.01176813 
AT1G54020 2.05 0.580294586 -0.76 1 5.55 3.40E-12 
AT5G04150 -1.84 1 -1.82 1 5.26 0.004536607 
AT1G52040 1.73 0.245619639 -1.05 0.7226658 5.24 3.17E-16 
AT3G56970 -4.07 1 -4.04 0.866556072 5.15 0.000507576 
AT3G56980 0.25 1 -1.89 1 5.06 0.000726998 
AT4G37990 3.02 0.834319663 1.02 1 5.03 0.000775152 
AT1G52030 1.13 1 -0.71 0.974691946 5.02 7.21E-15 
AT2G39030 2.77 0.708006931 -2.13 0.676921461 5.01 0.000239544 
AT1G67220 2.68 1 4.02 0.193832151 5.00 0.000493506 
AT1G14250 1.74 0.479193814 0.12 1 4.96 1.20E-13 
AT5G22545 4.35 1 0.00 1 4.91 0.040256061 
AT4G10250 3.87 1 3.60 0.9316272 4.91 0.015835725 
AT5G65130 1.90 1 5.23 0.07069974 4.90 0.022185126 
AT4G26260 4.66 0.787215437 4.56 0.507344147 4.90 0.034258802 
AT1G53620 3.20 1 0.00 1 4.77 0.029136865 
AT2G30766 -0.95 1 -1.07 1 4.76 0.000293154 
AT3G28220 1.83 0.350843536 0.48 1 4.75 3.40E-12 
AT1G30140 3.20 1 3.22 1 4.62 0.049545242 
AT5G24770 1.22 0.949548096 -0.89 0.877084714 4.52 6.03E-12 
AT3G55970 2.79 0.812941514 -1.54 1 4.34 0.002068193 
AT5G21960 -1.85 1 0.09 1 4.32 0.000470005 
AT5G57550 2.82 1 0.87 1 4.17 0.007003786 
AT1G13609 -1.94 1 -0.05 1 4.16 0.004174816 
AT4G08093 4.08 0.494561457 -1.83 1 4.15 0.018022225 
AT1G20750 0.84 1 0.90 1 4.14 0.013708064 
AT5G28237 2.52 1 -1.83 1 3.98 0.00636473 
AT1G67855 0.95 1 1.31 1 3.83 0.001561254 
AT3G49620 1.83 0.712453441 -1.49 0.635600974 3.80 1.01E-05 
AT1G52400 1.00 0.224520278 -0.31 1 3.79 2.31E-28 
AT4G37850 1.74 1 1.77 1 3.46 0.025199454 
AT4G17470 0.73 1 -0.39 1 3.46 2.43E-13 
AT5G52720 1.35 1 2.08 1 3.44 0.023556603 
AT1G52000 0.60 1 -0.63 0.638922215 3.37 4.15E-25 
AT3G22275 2.29 1 1.38 1 3.34 0.041307773 
AT2G27120 -0.34 1 -0.29 1 3.33 4.38E-05 
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AT1G66100 -0.18 1 -0.65 1 3.32 3.29E-06 
AT1G53885 0.48 1 -0.45 1 3.32 2.91E-11 
AT1G53903 0.48 1 -0.45 1 3.32 2.92E-11 
AT2G39330 1.18 0.857038284 -1.46 0.239068076 3.31 1.65E-08 
AT4G36700 0.30 1 0.91 1 3.30 0.001290417 
AT1G67856 -0.23 1 0.60 1 3.29 0.000256706 
AT1G54560 2.23 0.841843293 2.86 0.077815842 3.28 0.000290679 
AT3G09870 1.73 1 3.50 0.177180934 3.26 0.039326038 
AT2G18720 1.10 1 2.46 0.082284929 3.25 8.77E-05 
AT5G05340 1.28 1 0.16 1 3.24 0.002085898 
AT1G65680 1.70 1 0.62 1 3.22 0.009632555 
AT5G24420 1.44 1 -0.27 1 3.17 6.29E-05 
AT5G42580 1.60 1 0.12 1 3.15 0.001403287 
AT4G03620 0.84 1 2.31 0.936972187 3.13 0.046597391 
AT1G47400 -0.13 1 -0.03 1 3.11 0.001067476 
AT1G67980 0.53 1 0.79 1 3.07 0.017632871 
AT3G28300 0.50 1 -0.16 1 3.05 1.21E-08 
AT3G28290 0.50 1 -0.16 1 3.05 1.21E-08 
AT1G30190 1.37 1 1.87 0.817099086 3.04 0.000557038 
AT5G44430 2.08 0.769247165 -1.49 0.77146117 3.02 0.003691479 
AT1G27730 0.81 0.723159154 1.09 0.060013671 3.02 3.44E-20 
AT2G33080 1.24 1 0.61 1 3.00 0.013423225 
AT4G37140 1.24 1 0.61 1 2.99 0.007383276 
AT1G67000 1.05 1 0.35 1 2.97 1.43E-05 
AT2G24850 2.16 0.723159154 -0.85 1 2.95 0.005558856 
AT1G06100 1.57 0.503485459 1.41 0.327282182 2.92 4.23E-09 
AT1G49570 2.41 0.022473793 1.14 0.762172163 2.91 7.75E-06 
AT1G17380 1.68 0.075252855 -0.56 1 2.84 9.10E-10 
AT1G65890 0.40 1 -0.46 1 2.80 2.28E-07 
AT4G11911 1.06 1 -0.80 1 2.78 0.000418404 
AT5G60610 1.12 1 3.16 2.34E-06 2.74 2.85E-05 
AT1G09500 1.50 0.972224539 1.02 0.944447747 2.73 0.000550098 
AT1G35210 1.05 1 0.61 1 2.73 1.64E-07 
AT1G61610 0.71 1 -0.41 1 2.70 1.97E-07 
AT1G63910 1.14 1 1.56 0.669883655 2.69 0.000109609 
AT5G55420 0.43 1 -1.22 1 2.65 0.04540731 
AT1G47395 -0.72 1 -0.47 1 2.64 0.003311093 
AT5G54490 1.19 0.179435717 0.91 0.386285657 2.61 3.00E-17 
AT2G37870 0.32 1 -1.02 1 2.60 0.001142915 
AT1G18710 1.07 1 -0.05 1 2.59 9.00E-07 
AT4G24570 0.73 0.877534751 0.77 0.425966298 2.59 1.44E-15 
AT1G52410 0.46 1 -0.51 0.614004966 2.57 3.36E-24 
AT2G29350 0.27 1 -0.73 0.972578282 2.56 0.000180723 
AT1G74930 -0.86 1 -1.18 0.744775131 2.50 9.25E-08 
AT2G33020 1.68 1 -4.02 0.711911827 2.46 0.005656445 
AT3G60140 -0.43 1 -0.79 1 2.46 0.003843884 
AT2G40000 0.56 1 0.84 0.177180934 2.46 7.39E-17 
AT1G56600 -0.41 1 -0.24 1 2.46 1.89E-08 
AT5G11210 1.81 1 1.36 0.987475489 2.45 0.03884323 
AT3G10930 0.44 1 0.31 1 2.44 5.20E-07 
AT1G65880 0.27 1 0.41 1 2.42 3.52E-06 
AT1G07135 0.49 1 0.76 0.75145122 2.41 1.24E-07 
AT4G15440 0.48 1 -0.50 1 2.37 1.07E-06 
AT2G34810 0.55 1 -0.51 0.809663907 2.35 7.21E-15 
AT3G57260 1.25 1 -0.68 1 2.35 0.034521996 
AT5G44420 1.40 0.932146044 -1.56 0.422828454 2.32 0.00295233 
AT4G10910 0.87 1 2.16 0.330234396 2.31 0.018702178 
AT1G53100 -1.06 1 -0.63 1 2.30 0.010923267 
AT1G66370 0.30 1 -2.54 0.338918184 2.29 0.003009691 
AT1G66860 -1.02 1 -0.97 1 2.29 0.02446268 
AT1G21890 -0.05 1 1.39 0.757210493 2.28 0.010743576 
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AT1G63710 0.54 1 0.23 1 2.27 3.92E-17 
AT5G37478 1.47 1 1.08 1 2.27 0.014710431 
AT5G03010 0.06 1 1.73 0.892827511 2.24 0.049074194 
AT5G59820 0.66 1 0.92 0.199936454 2.24 9.34E-16 
AT5G05250 -0.20 1 -0.56 0.989603012 2.23 2.22E-05 
AT3G30120 0.68 1 0.86 0.986606105 2.23 0.002589767 
AT2G22880 0.87 1 -0.30 1 2.23 0.010239363 
AT1G64360 -0.30 1 -0.30 1 2.22 0.000133993 
AT4G23590 1.21 1 1.21 0.91138183 2.22 0.014291204 
AT5G02170 1.25 1 1.45 0.606123778 2.20 0.000939726 
AT5G05600 0.89 0.764678878 -0.80 0.593891746 2.20 1.05E-08 
AT4G17490 0.61 1 0.30 1 2.19 1.30E-07 
AT5G61600 0.60 1 1.06 0.02634133 2.18 1.59E-13 
AT2G44840 1.30 0.870998097 -0.24 1 2.18 0.00057418 
AT1G61810 -0.39 1 -0.29 1 2.17 0.013202164 
AT1G52120 -0.01 1 -0.59 1 2.17 0.009749582 
AT5G01900 0.76 1 -1.43 0.916516884 2.16 0.031378851 
AT2G18050 -0.30 1 -0.56 0.967821949 2.15 5.65E-06 
AT1G66090 0.57 1 -0.18 1 2.14 7.51E-05 
AT1G73325 0.02 1 -1.55 0.4516522 2.13 0.001651688 
AT1G62760 0.00 1 -0.48 1 2.11 0.010299801 
AT3G50280 0.14 1 -1.00 0.561085301 2.10 1.65E-08 
AT1G12030 -0.03 1 -0.51 1 2.09 0.001775507 
AT5G64190 -0.32 1 1.17 0.940109064 2.07 0.018707042 
AT2G26530 0.33 1 -0.03 1 2.07 8.99E-08 
AT3G44260 0.40 1 0.74 0.290106249 2.06 6.79E-13 
AT1G64660 0.28 1 -0.04 1 2.06 8.46E-06 
AT4G29780 0.48 1 0.27 1 2.05 2.00E-09 
AT1G60470 -0.07 1 -0.89 0.980551636 2.04 0.003209342 
AT3G50770 0.82 1 0.00 1 2.04 0.001759829 
AT3G15500 -0.10 1 -0.24 1 2.03 0.005579993 
AT4G27280 0.53 1 0.81 0.117244131 2.03 2.21E-14 
AT1G19510 -0.23 1 0.36 1 2.02 0.029288979 
AT1G51760 0.17 1 3.08 7.38E-20 2.02 3.64E-09 
AT1G66800 0.68 1 0.44 1 2.01 0.001611964 
AT4G22610 0.90 1 -0.24 1 2.01 0.000310449 
AT4G33720 0.12 1 -1.19 0.509924774 1.99 0.001207326 
AT1G76955 0.83 1 -0.10 1 1.98 1.53E-05 
AT4G13310 0.94 1 0.10 1 1.98 0.00373577 
AT5G21940 0.68 0.0105184 1.38 6.25E-18 1.96 4.86E-38 
AT2G25200 0.75 0.986087473 1.08 0.087093365 1.96 1.55E-10 
AT5G51190 0.76 1 0.83 0.560230663 1.95 3.33E-06 
AT1G65150 0.32 1 0.97 0.217247121 1.94 1.04E-07 
AT1G62540 0.30 1 -0.42 0.763146585 1.94 6.54E-17 
AT4G17500 0.54 1 0.11 1 1.94 4.12E-09 
AT5G04340 0.37 1 0.20 1 1.94 1.67E-15 
AT3G45130 0.04 1 -0.45 1 1.93 0.047214797 
AT5G13080 0.96 1 -0.11 1 1.93 0.006585628 
AT2G25440 1.35 1 0.90 1 1.92 0.013127216 
AT4G21926 0.56 1 0.47 1 1.91 0.018863476 
AT1G28370 0.24 1 0.07 1 1.91 7.35E-07 
AT5G16410 0.16 1 0.30 1 1.90 0.006683755 
AT4G37610 0.33 1 1.03 0.000353972 1.89 5.89E-19 
AT1G07985 0.40 1 0.88 0.94757449 1.88 0.008052508 
AT1G24070 0.36 1 0.25 1 1.88 4.09E-10 
AT2G43530 0.27 1 -0.87 0.304126929 1.87 1.71E-07 
AT1G68620 0.08 1 -0.77 0.929310122 1.86 0.001173754 
AT1G59590 0.27 1 0.49 0.92393022 1.86 5.74E-08 
AT1G80840 1.00 0.986087473 -0.21 1 1.85 0.000627426 
AT1G44350 0.68 0.552990946 0.01 1 1.85 5.58E-15 
AT1G60190 -0.50 1 -0.79 1 1.84 0.000226895 
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AT1G14120 0.50 1 -0.44 1 1.84 1.35E-06 
AT1G22340 0.84 1 -0.16 1 1.83 0.00373577 
AT4G37150 0.75 1 0.86 0.745044134 1.83 0.000412495 
AT3G48650 0.15 1 -0.30 1 1.82 0.047068312 
AT1G67865 -0.02 1 0.10 1 1.81 1.74E-07 
AT4G28703 0.32 1 -0.19 1 1.81 0.005979388 
AT1G73540 0.17 1 0.64 0.393549619 1.80 8.88E-12 
AT3G61190 0.08 1 0.22 1 1.79 0.000598607 
AT3G16470 0.50 1 -0.23 1 1.78 1.22E-12 
AT4G21840 1.24 0.896625621 0.02 1 1.78 0.009281868 
AT5G24140 0.93 1 0.39 1 1.78 0.032264987 
AT3G50800 0.23 1 0.58 0.795374502 1.76 8.65E-08 
AT5G38020 0.19 1 -0.70 0.663207583 1.76 2.03E-07 
AT5G05490 -0.38 1 0.25 1 1.76 0.011729369 
AT1G52270 -0.66 1 0.54 0.970664812 1.76 0.000227865 
AT1G68920 1.69 2.34E-42 1.67 8.08E-41 1.76 1.58E-47 
AT5G56550 0.50 1 0.89 0.028907472 1.76 2.27E-13 
AT3G06160 1.24 0.992820763 0.97 0.899633545 1.75 0.012960976 
AT5G27420 0.60 1 -0.01 1 1.75 0.000682198 
AT4G25470 -0.12 1 0.56 1 1.73 0.003495331 
AT1G72920 0.52 1 0.12 1 1.73 1.16E-07 
AT3G18773 0.46 1 1.29 0.01158977 1.73 2.87E-07 
AT1G19670 0.50 1 -0.89 0.160053618 1.73 7.87E-08 
AT4G18170 0.93 1 0.59 1 1.72 0.000170993 
AT1G68360 0.07 1 0.84 0.929310122 1.71 0.003797295 
AT1G53163 1.26 1 0.83 1 1.71 0.015633814 
AT5G56544 0.07 1 0.43 1 1.70 0.006786239 
AT1G23730 -0.24 1 -1.19 0.135156959 1.70 6.95E-05 
AT1G56650 -0.03 1 -1.09 0.44593646 1.70 0.000586816 
AT1G25400 0.33 1 0.27 1 1.70 4.83E-09 
AT1G66760 0.19 1 -0.10 1 1.70 4.39E-07 
AT1G20310 0.44 1 -0.83 1 1.69 0.035828805 
AT2G46400 0.85 0.647307586 -0.47 0.949943143 1.67 9.67E-07 
AT2G29460 0.44 1 -1.37 0.394320424 1.67 0.009192389 
AT2G43570 0.34 1 -0.51 0.975096268 1.67 0.00038323 
AT4G27657 -0.05 1 0.82 0.550749516 1.67 8.63E-06 
AT3G18610 0.32 1 1.49 0.051312798 1.67 0.000612062 
AT1G49920 -0.41 1 1.60 0.031247052 1.67 0.00090431 
AT3G22740 0.77 1 -0.63 0.866556072 1.66 3.83E-05 
AT1G61415 0.84 1 0.65 0.953902203 1.66 0.000507576 
AT4G16260 0.60 0.90392689 -0.34 0.969167547 1.66 1.21E-08 
AT3G29000 0.99 1 -0.90 0.931411753 1.66 0.012581927 
AT4G21640 0.41 1 0.52 0.953902203 1.65 2.46E-06 
AT1G05575 0.61 1 0.09 1 1.65 0.001795734 
AT2G39240 0.90 1 1.34 0.670635955 1.65 0.030739383 
AT1G18870 -0.01 1 -0.16 1 1.64 1.44E-06 
AT4G21830 1.13 0.774531886 -0.03 1 1.64 0.00272126 
AT1G55020 0.10 1 -0.13 1 1.64 1.12E-08 
AT4G03130 1.33 0.224520278 1.23 0.22958635 1.63 0.000468366 
AT1G58270 0.21 1 -0.15 1 1.63 2.17E-08 
AT3G44770 0.44 1 1.52 0.03607896 1.62 0.000402247 
AT2G27830 0.23 1 0.67 0.053592171 1.62 2.11E-17 
AT5G57560 0.32 1 0.31 1 1.62 4.78E-07 
AT1G66700 -0.01 1 -0.53 1 1.61 0.024822814 
AT2G33380 0.07 1 -0.67 0.785986284 1.61 7.12E-05 
AT1G07430 -0.42 1 0.59 1 1.61 0.025070215 
AT1G80440 0.09 1 0.76 0.036402705 1.61 5.75E-14 
AT1G57990 0.08 1 0.33 1 1.61 5.72E-05 
AT5G40800 0.42 1 -0.10 1 1.61 0.012973349 
AT5G22555 0.60 1 0.47 1 1.60 0.004229439 
AT3G15450 0.19 1 1.08 0.000117469 1.60 1.54E-12 
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AT3G01960 0.85 1 1.37 0.470955515 1.60 0.023308425 
AT3G45140 0.16 1 -0.76 0.084435487 1.59 1.43E-10 
AT3G46090 0.16 1 0.34 1 1.58 0.01489666 
AT2G37900 -0.60 1 -0.62 1 1.57 0.000613323 
AT5G06870 0.34 1 -0.43 0.945235781 1.56 4.39E-06 
AT1G71380 0.64 1 0.12 1 1.56 0.028816661 
AT1G32928 0.57 1 1.19 0.050146586 1.56 2.57E-05 
AT1G66460 0.33 1 0.06 1 1.56 0.006245703 
AT1G66380 -0.56 1 -2.15 0.624397976 1.56 0.036441459 
AT4G13395 -0.16 1 0.06 1 1.56 1.91E-05 
AT3G10320 0.26 1 0.12 1 1.54 0.009448858 
AT1G52342 0.44 1 0.35 1 1.53 0.001518342 
AT5G46830 0.07 1 0.44 1 1.53 0.011993065 
AT2G36780 0.60 1 0.13 1 1.53 0.007591149 
AT2G23010 0.62 1 -0.58 0.768640778 1.52 7.26E-06 
AT1G52100 -0.06 1 -0.01 1 1.52 1.48E-05 
AT5G12340 0.22 1 -0.45 1 1.52 0.010600064 
AT1G58420 0.23 1 0.22 1 1.52 3.11E-05 
AT1G60260 0.02 1 0.22 1 1.52 5.52E-12 
AT1G67970 0.23 1 0.05 1 1.52 3.73E-06 
AT1G66280 0.83 0.616289086 0.24 1 1.51 1.59E-05 
AT5G27060 1.10 0.552990946 -0.53 0.998066744 1.51 0.000619638 
AT1G63720 0.39 1 -0.09 1 1.51 0.000494752 
AT1G32640 0.27 1 -0.43 0.389504003 1.51 4.31E-19 
AT1G76590 0.10 1 -0.33 1 1.51 1.18E-06 
AT5G48000 0.77 0.932146044 -0.16 1 1.51 0.000150645 
AT4G29700 0.09 1 -0.46 0.684497784 1.50 6.40E-10 
AT5G47230 0.34 1 0.38 0.931241992 1.50 4.61E-08 
AT2G32660 0.98 1 0.37 1 1.50 0.004988234 
AT1G62420 -0.74 1 -0.44 1 1.50 0.036318237 
AT1G23710 0.27 1 0.36 0.762745759 1.49 8.94E-16 
AT1G73500 0.38 1 0.29 0.901193572 1.48 2.22E-15 
AT1G61340 0.39 1 0.36 1 1.48 2.02E-06 
AT1G54040 0.06 1 -0.15 1 1.48 1.39E-07 
AT1G23390 -0.14 1 0.83 0.08898053 1.48 8.65E-08 
AT4G24340 0.60 1 -0.08 1 1.47 0.006017367 
AT1G71280 0.37 1 0.71 0.989603012 1.46 0.032089276 
AT5G61070 -0.23 1 2.17 1.13E-07 1.45 0.000631404 
AT1G62660 0.39 1 0.17 1 1.44 1.60E-11 
AT1G32920 0.28 1 0.57 0.199936454 1.44 3.34E-13 
AT3G51450 0.39 1 -0.61 0.81534682 1.44 0.000203882 
AT1G76600 0.25 1 -0.03 1 1.43 2.99E-10 
AT5G66650 0.40 1 0.50 0.686795277 1.43 3.39E-08 
AT2G25735 0.41 1 0.63 0.908980303 1.43 0.002981135 
AT1G61440 0.26 1 0.31 1 1.42 0.026451422 
AT1G04330 0.09 1 0.26 1 1.41 0.042482075 
AT5G02780 0.22 1 -0.45 1 1.41 0.019813837 
AT1G18300 0.30 1 0.53 0.760849959 1.40 5.45E-06 
AT4G22960 0.96 1 1.53 0.08898053 1.40 0.020391529 
AT5G47220 0.20 1 -0.67 0.526724234 1.39 2.02E-05 
AT5G62020 0.29 1 0.41 0.639245346 1.39 4.26E-15 
AT1G73260 0.22 1 -0.28 1 1.39 0.003011618 
AT1G64065 -0.18 1 0.03 1 1.38 0.004962609 
AT1G64200 0.02 1 -0.13 1 1.38 6.98E-11 
AT3G04640 0.22 1 -0.13 1 1.38 0.000631853 
AT4G11280 0.49 1 0.21 1 1.38 9.05E-07 
AT3G55980 0.40 1 0.24 1 1.38 3.99E-06 
AT4G28085 0.34 1 0.33 1 1.37 0.027770472 
AT3G48520 0.68 1 0.96 0.686795277 1.37 0.018033432 
AT1G61560 0.38 1 0.16 1 1.37 1.06E-05 
AT1G65690 0.03 1 -0.08 1 1.36 0.000115361 
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AT1G72940 0.24 1 -0.02 1 1.36 7.85E-09 
AT2G32030 0.16 1 -0.52 1 1.35 0.000293956 
AT5G37990 0.11 1 -0.53 0.9316272 1.35 0.001483768 
AT1G26290 1.01 0.828258936 0.90 0.596517272 1.35 0.004566066 
AT3G25770 0.09 1 -1.04 0.039758137 1.34 3.74E-05 
AT2G28420 0.07 1 0.21 1 1.34 0.048203251 
AT1G05490 0.25 1 1.35 0.077815842 1.34 0.007045054 
AT1G33030 -0.11 1 -1.52 0.362923819 1.34 0.048121403 
AT1G70700 0.51 1 -0.53 0.593891746 1.33 1.16E-06 
AT1G66270 0.71 0.165216428 0.36 0.815882644 1.33 2.67E-09 
AT1G54890 1.00 0.020360851 0.86 0.047427274 1.33 1.96E-07 
AT1G28190 0.23 1 -0.05 1 1.32 0.001423027 
AT4G21650 0.20 1 0.35 0.793590232 1.32 9.31E-11 
AT3G14440 0.44 1 -0.20 1 1.32 0.00332967 
AT1G66500 0.46 1 0.37 0.941750686 1.32 6.81E-07 
AT1G68290 0.33 1 -0.57 1 1.32 0.001815312 
AT1G65370 0.07 1 0.33 0.981753649 1.32 1.57E-05 
AT5G41315 1.02 0.454045982 0.99 0.217247121 1.31 0.000619334 
AT1G65860 0.35 1 -0.17 1 1.31 3.87E-12 
AT5G38710 0.17 1 -0.16 1 1.31 0.014035717 
AT5G53450 -0.15 1 -0.09 1 1.31 1.27E-05 
AT3G50930 0.72 0.867921938 -0.12 1 1.30 0.000264962 
AT5G23840 1.26 0.723159154 0.26 1 1.30 0.049074194 
AT1G56550 0.59 1 0.17 1 1.30 1.98E-05 
AT3G26125 1.05 0.841843293 1.20 0.324225065 1.30 0.018579326 
AT1G56170 0.04 1 0.03 1 1.30 1.19E-07 
AT1G22275 0.65 1 0.61 0.934218573 1.30 0.001236481 
AT1G64625 0.40 1 0.12 1 1.29 1.59E-05 
AT3G48360 0.19 1 0.74 0.343238529 1.29 7.29E-05 
AT1G60270 0.22 1 -0.01 1 1.29 5.25E-07 
AT1G66400 0.31 1 0.46 0.725774443 1.29 1.97E-08 
AT1G64260 0.09 1 0.42 1 1.29 0.011906562 
AT1G69890 0.36 1 0.04 1 1.29 0.0001198 
AT1G56250 0.84 1 -0.19 1 1.29 0.037238663 
AT3G56360 -0.30 1 -0.33 0.924234656 1.29 1.71E-07 
AT2G42540 -0.02 1 -0.22 1 1.28 1.12E-06 
AT1G61470 0.45 1 0.35 1 1.28 0.009480467 
AT1G19180 0.27 1 -0.93 0.079929519 1.28 1.92E-05 
AT1G63295 0.39 1 0.24 1 1.27 0.000115184 
AT5G42900 -0.15 1 0.41 0.94757449 1.26 0.000140631 
AT1G66810 0.69 1 0.36 1 1.26 0.007336734 
AT1G57560 0.74 0.998677096 0.20 1 1.25 0.000886686 
AT1G62990 0.29 1 0.11 1 1.25 3.82E-07 
AT1G10560 0.75 1 0.89 0.731608073 1.25 0.034270939 
AT5G22570 0.64 1 -0.42 1 1.25 0.01651859 
AT1G52640 0.51 1 0.38 1 1.24 0.008704347 
AT1G56430 -0.08 1 0.15 1 1.24 0.004215708 
AT5G22250 0.54 1 0.01 1 1.24 2.30E-05 
AT5G17350 -0.03 1 0.29 1 1.24 0.003797199 
AT4G33550 -0.09 1 -0.24 1 1.23 0.011590584 
AT5G48010 1.00 0.106026466 -0.01 1 1.23 0.000103325 
AT3G11000 0.57 1 0.88 0.598272118 1.23 0.016413307 
AT1G23560 0.78 1 1.25 0.228606202 1.23 0.034520622 
AT5G47240 -0.23 1 -0.49 0.747649273 1.23 6.19E-06 
AT3G24982 0.73 0.106026466 0.10 1 1.22 1.10E-08 
AT5G47990 0.63 1 -0.27 1 1.22 0.016476353 
AT1G02670 0.11 1 0.69 0.864031911 1.22 0.019343293 
AT2G38470 0.36 1 0.04 1 1.22 0.000367211 
AT2G43510 -0.05 1 -0.48 0.905366221 1.22 0.000846758 
AT3G53980 -0.08 1 -0.05 1 1.22 0.000198109 
AT5G41750 0.88 1 -0.07 1 1.22 0.045262623 
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AT1G11080 0.04 1 0.88 0.263769943 1.22 0.000671863 
AT1G61065 0.10 1 -0.01 1 1.22 0.000323722 
AT4G17380 0.56 1 0.80 0.709226663 1.22 0.013005976 
AT2G32140 0.23 1 -0.95 0.830640985 1.21 0.019625003 
AT1G60030 0.60 1 0.73 0.732144029 1.20 0.009613354 
AT1G67650 0.18 1 0.34 0.957531745 1.20 1.49E-05 
AT5G07660 0.21 1 0.95 0.12613245 1.20 0.000402952 
AT3G56710 0.46 1 -0.29 1 1.20 0.01339735 
AT3G28340 0.45 1 0.51 0.930751253 1.20 0.002882177 
AT3G04720 0.18 1 -0.71 0.388597887 1.19 0.000293508 
AT1G18810 0.32 1 0.20 1 1.19 2.81E-05 
AT1G56240 -0.26 1 -0.12 1 1.19 0.035984989 
AT2G28400 0.14 1 -0.13 1 1.18 0.01489051 
AT3G46600 0.30 0.896625621 0.35 0.314648285 1.18 6.61E-20 
AT1G61840 0.10 1 0.04 1 1.18 0.02989179 
AT1G07050 0.06 1 0.50 0.993682216 1.18 0.031994226 
AT5G45850 0.58 1 0.59 0.910580407 1.17 0.008331599 
AT5G46350 0.01 1 -1.00 0.705945113 1.17 0.013247823 
AT2G40140 0.34 1 0.14 1 1.17 7.19E-09 
AT1G64710 0.00 1 -0.18 1 1.17 1.60E-06 
AT4G38780 0.05 1 0.72 0.476831709 1.17 0.001223817 
AT1G34180 0.29 1 -0.17 1 1.16 0.0008966 
AT4G15320 0.45 1 0.66 0.892827511 1.16 0.019832956 
AT1G54010 0.22 1 -0.19 1 1.16 2.67E-09 
AT3G16690 0.07 1 -0.31 1 1.16 0.003812321 
AT1G60730 0.02 1 -0.04 1 1.16 1.72E-06 
AT4G24350 0.45 1 -0.52 0.712335703 1.16 0.000213391 
AT1G17020 -0.25 1 -0.60 0.889861493 1.16 0.015018066 
AT1G06620 0.38 1 -0.34 0.921759992 1.16 3.33E-06 
AT1G54050 0.04 1 -0.07 1 1.15 5.36E-06 
AT3G23550 0.16 1 -0.65 0.643069831 1.15 0.002273121 
AT1G61480 0.41 1 -0.40 1 1.15 0.014035717 
AT2G14247 -0.04 1 -0.18 1 1.15 0.0113339 
AT5G07380 1.33 0.215724802 0.90 0.699823932 1.14 0.030759036 
AT5G56490 0.46 1 -0.27 1 1.13 0.048602628 
AT1G52450 0.01 1 0.05 1 1.13 0.000102356 
AT5G24200 0.51 1 -0.12 1 1.13 0.041462049 
AT1G17744 0.17 1 -0.39 0.894801071 1.12 6.70E-05 
AT1G61590 0.24 1 0.25 1 1.12 0.000114546 
AT1G56690 0.56 0.833207765 0.51 0.60316752 1.12 6.60E-06 
AT3G46620 0.38 1 0.47 0.327501232 1.12 2.49E-09 
AT3G16650 0.04 1 1.46 2.64E-06 1.11 0.000190102 
AT5G26920 0.37 1 -0.36 1 1.11 0.047322842 
AT3G19580 0.43 1 0.08 1 1.11 0.005318084 
AT1G64970 0.23 1 0.06 1 1.11 7.98E-10 
AT1G76790 0.29 1 -0.26 1 1.11 9.11E-05 
AT1G67860 -0.32 1 -0.23 1 1.11 0.000167561 
AT1G71030 -0.20 1 0.47 0.91138183 1.10 0.003363151 
AT2G44130 0.13 1 0.57 0.252770871 1.10 3.13E-07 
AT2G20670 0.20 1 0.87 0.04316275 1.10 5.42E-05 
AT5G33370 0.43 1 0.22 1 1.10 4.48E-05 
AT5G59550 0.24 1 0.10 1 1.10 3.90E-10 
AT4G32480 0.04 1 0.18 1 1.10 7.37E-08 
AT3G07350 0.14 1 0.06 1 1.10 5.65E-06 
AT2G36770 0.39 1 -0.25 1 1.10 0.048204453 
AT5G08240 0.47 1 -0.01 1 1.10 0.000500224 
AT3G19030 0.32 1 0.51 0.270671385 1.10 4.27E-08 
AT1G23850 0.32 1 -0.46 0.884668901 1.09 6.24E-05 
AT5G64870 0.60 1 0.29 1 1.09 0.005261616 
AT5G37940 0.00 1 -0.56 0.959053559 1.09 0.007949787 
AT1G56300 -0.32 1 0.06 1 1.09 1.68E-06 
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AT1G68050 -0.30 1 -0.11 1 1.09 0.000564469 
AT3G09405 0.23 1 0.20 1 1.09 0.018420852 
AT5G23830 0.72 0.479193814 -0.05 1 1.08 0.000107912 
AT2G18210 0.66 1 0.07 1 1.08 0.012568938 
AT1G62975 0.32 1 0.01 1 1.08 6.97E-05 
AT1G55920 0.05 1 -0.03 1 1.08 1.77E-06 
AT1G47655 0.24 1 0.87 0.531407133 1.08 0.01754516 
AT1G67050 -0.15 1 0.05 1 1.08 0.000105078 
AT4G37410 0.41 1 -0.09 1 1.08 5.88E-06 
AT1G24145 0.38 1 -0.77 0.778758063 1.08 0.039834124 
AT4G29030 0.67 0.787215437 0.96 0.048961337 1.08 0.000666571 
AT4G37409 0.43 1 -0.08 1 1.08 1.06E-05 
AT1G67520 0.08 1 -0.37 1 1.07 0.025394231 
AT3G18290 -0.09 1 0.05 1 1.07 2.52E-05 
AT1G65180 0.42 1 0.06 1 1.07 0.002624867 
AT1G52565 0.28 1 0.40 1 1.07 0.029078796 
AT5G61440 0.36 0.885103286 0.71 0.000673339 1.07 8.86E-12 
AT1G26800 -0.21 1 0.12 1 1.06 3.00E-05 
AT1G17745 0.19 1 -0.43 0.717893798 1.06 3.27E-05 
AT1G55110 0.14 1 -0.05 1 1.06 2.18E-05 
AT5G66080 -0.06 1 0.66 0.686795277 1.06 0.003456697 
AT2G33830 -0.45 1 -0.26 1 1.06 0.000212414 
AT1G64405 0.27 1 0.00 1 1.05 0.001254241 
AT1G62560 0.11 1 -0.08 1 1.05 5.36E-11 
AT1G63440 0.14 1 0.24 1 1.05 6.56E-06 
AT1G67850 0.16 1 0.02 1 1.05 4.09E-05 
AT1G60360 0.55 1 0.65 0.855186193 1.05 0.02147833 
AT1G54540 0.42 1 0.58 0.81534682 1.05 0.005922823 
AT2G17040 0.36 1 -0.26 1 1.05 0.016329505 
AT1G63390 -0.06 1 0.32 1 1.05 0.038292272 
AT5G45340 0.28 1 0.20 1 1.05 3.45E-05 
AT2G24550 0.17 1 0.24 0.940109064 1.04 2.39E-09 
AT1G64610 0.14 1 -0.09 1 1.04 0.001330269 
AT5G58610 0.71 1 0.91 0.393549619 1.04 0.019719627 
AT1G74590 0.02 1 -0.36 1 1.04 0.017563759 
AT1G72120 -0.01 1 -0.47 0.971589332 1.04 0.009910205 
AT1G64300 0.14 1 0.32 1 1.04 0.005826888 
AT5G25450 0.13 1 0.48 0.939828525 1.03 0.002832161 
AT1G54030 0.13 1 -0.21 1 1.03 3.45E-07 
AT1G59640 0.06 1 -0.01 1 1.03 0.009865257 
AT2G30360 0.22 1 0.31 0.99940659 1.03 0.000256485 
AT1G64060 0.21 1 0.18 1 1.03 1.07E-06 
AT1G51840 0.44 1 0.36 0.983380541 1.03 0.00098666 
AT5G13220 0.21 1 -0.10 1 1.03 0.018579326 
AT1G54570 0.10 1 0.08 1 1.03 0.000416725 
AT1G63350 -0.08 1 -0.62 0.764600188 1.02 0.008940076 
AT1G77520 0.23 1 0.10 1 1.02 0.00967024 
AT3G27200 0.69 0.106026466 0.44 0.560230663 1.02 3.24E-07 
AT4G01390 0.07 1 0.21 1 1.02 4.38E-05 
AT1G53830 0.74 0.812941514 0.44 0.944218942 1.01 0.006786239 
AT2G39420 0.36 1 -0.08 1 1.01 6.64E-06 
AT5G38000 0.18 1 -0.37 0.994559775 1.01 0.003466938 
AT2G38790 -0.20 1 -0.47 0.924549626 1.01 0.002396463 
AT1G66990 -0.22 1 0.12 1 1.01 0.003718341 
AT1G67300 0.11 1 -0.01 1 1.01 4.30E-09 
AT3G48390 0.00 1 0.59 0.829508139 1.01 0.01017157 
AT1G61820 0.05 1 -0.06 1 1.01 0.000241774 
AT1G55850 0.00 1 -0.17 1 1.00 7.58E-10 
AT1G67880 0.06 1 0.16 1 1.00 3.79E-07 
AT2G38995 0.32 1 0.35 0.957999922 1.00 0.000527153 
AT4G22753 0.20 1 -0.17 1 1.00 8.18E-06 
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AT1G62440 0.47 1 0.02 1 1.00 0.012749217 
AT5G42650 0.07 1 -0.73 0.126638969 0.99 0.000192078 
AT3G09940 0.74 0.589055797 0.07 1 0.99 0.001920125 
AT2G23620 0.79 0.552990946 0.36 1 0.99 0.002716629 
AT1G64583 0.33 1 -0.13 1 0.98 0.012908094 
AT1G60740 0.19 1 -0.02 1 0.98 0.002851251 
AT1G67810 -0.20 1 -0.64 0.527200573 0.98 0.001934329 
AT3G28270 0.57 1 0.77 0.606123778 0.98 0.043060023 
AT3G09520 0.36 1 0.23 1 0.98 0.002212227 
AT1G02205 0.23 1 0.38 0.731879306 0.98 1.17E-05 
AT1G10070 -0.16 1 -1.04 0.274840655 0.98 0.036441459 
AT1G02940 0.67 0.834319663 -0.85 0.416123601 0.98 0.003078035 
AT1G56423 0.13 1 0.12 1 0.98 1.50E-05 
AT1G61400 0.22 1 0.27 1 0.98 0.000278454 
AT3G09020 0.00 1 -0.11 1 0.98 0.010699736 
AT1G65610 0.49 1 0.15 1 0.98 0.013058534 
AT1G57820 0.46 0.650792567 0.52 0.196140745 0.98 2.87E-07 
AT1G30260 0.04 1 0.30 1 0.98 0.00186906 
AT1G56710 0.07 1 -0.11 1 0.98 0.042348837 
AT1G62310 0.10 1 0.04 1 0.98 6.10E-05 
AT1G55915 0.43 1 0.01 1 0.97 0.000588745 
AT1G51860 0.30 1 0.18 1 0.97 0.00055355 
AT4G13572 0.47 1 0.09 1 0.97 0.034708846 
AT2G44230 0.13 1 0.28 0.953902203 0.97 9.02E-06 
AT1G54000 0.63 0.075252855 0.29 0.787165854 0.97 8.23E-08 
AT1G53840 0.07 1 0.05 1 0.96 7.15E-08 
AT1G68020 0.05 1 0.00 1 0.96 2.99E-06 
AT5G06320 0.14 1 0.03 1 0.96 1.30E-05 
AT1G54740 0.02 1 -0.02 1 0.96 4.29E-06 
AT1G14640 0.30 1 0.57 0.693610145 0.96 0.005015662 
AT1G53110 0.13 1 -0.04 1 0.95 7.06E-05 
AT3G48350 0.02 1 -0.16 1 0.95 1.12E-05 
AT1G61420 0.36 1 -0.02 1 0.95 0.004488402 
AT2G35930 0.33 1 0.12 1 0.95 0.000168732 
AT1G66880 0.30 1 -0.12 1 0.95 0.000191209 
AT1G64980 -0.03 1 -0.04 1 0.95 5.36E-05 
AT1G55205 0.55 1 0.31 1 0.95 0.001096839 
AT2G27310 0.20 1 -0.24 1 0.94 9.70E-05 
AT1G70420 0.17 1 0.36 0.949548835 0.94 0.001352173 
AT1G55820 0.37 1 0.44 0.564034478 0.94 1.77E-05 
AT1G67900 -0.17 1 -0.09 1 0.94 9.07E-05 
AT2G41640 0.45 1 0.14 1 0.94 0.02004796 
AT2G45660 -0.29 1 -0.16 1 0.94 0.000224673 
AT5G19120 0.12 1 0.45 0.38751365 0.94 1.93E-06 
AT1G66350 -0.17 1 -0.37 0.911019157 0.94 0.000758901 
AT2G36650 0.78 0.884213831 0.23 1 0.94 0.02591395 
AT1G63830 0.05 1 -0.04 1 0.94 3.07E-09 
AT1G66140 -0.05 1 0.17 1 0.93 4.66E-06 
AT1G66480 0.16 1 -0.01 1 0.93 0.002021234 
AT1G55510 0.08 1 0.26 0.969167547 0.93 2.10E-05 
AT4G34710 0.17 1 -0.16 1 0.93 1.10E-05 
AT1G67510 0.05 1 0.09 1 0.93 1.74E-05 
AT4G11360 0.16 1 0.23 0.907855232 0.93 4.11E-10 
AT1G65820 -0.02 1 -0.19 1 0.93 1.16E-06 
AT1G58200 -0.14 1 -0.14 1 0.93 9.38E-09 
AT1G53320 -0.08 1 -0.05 1 0.92 2.65E-09 
AT1G67530 0.15 1 0.14 1 0.92 2.04E-05 
AT1G28330 -0.33 1 0.04 1 0.92 1.49E-05 
AT1G24320 0.15 1 0.01 1 0.92 0.00295233 
AT1G60620 0.23 1 0.10 1 0.92 5.70E-06 
AT2G15080 0.02 1 -0.24 1 0.92 0.005939043 
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AT1G63650 0.29 1 0.38 0.9316272 0.92 0.002746534 
AT5G65690 0.89 0.148969621 0.48 0.846130715 0.91 0.002353439 
AT5G41120 0.03 1 0.12 1 0.91 2.03E-07 
AT5G02940 0.13 1 -0.27 0.830640985 0.91 7.67E-08 
AT1G54660 -0.04 1 -0.18 1 0.91 0.00018286 
AT5G59530 0.24 1 0.19 1 0.91 0.006505135 
AT2G30550 -0.05 1 0.02 1 0.91 0.000500224 
AT1G67400 -0.24 1 0.13 1 0.91 0.000180703 
AT1G67340 0.04 1 0.20 0.953902203 0.91 9.66E-10 
AT3G03190 0.37 1 0.02 1 0.91 0.000960053 
AT1G65580 0.04 1 0.07 1 0.91 1.46E-08 
AT5G61290 -0.04 1 -0.06 1 0.91 0.012960976 
AT4G11211 -0.06 1 0.09 1 0.90 0.000671863 
AT4G23600 0.05 1 -0.88 0.236422531 0.90 0.022632867 
AT1G62260 0.26 1 0.26 1 0.90 0.002735647 
AT1G67820 0.24 1 0.11 1 0.90 0.002739986 
AT4G17480 -0.02 1 -0.25 1 0.90 0.006063492 
AT4G36040 -0.13 1 0.29 0.91138183 0.90 3.00E-05 
AT3G16720 0.04 1 0.18 1 0.90 8.65E-08 
AT4G18470 0.49 1 0.66 0.394320424 0.90 0.003020446 
AT2G27740 0.61 1 0.79 0.497804799 0.90 0.042408176 
AT3G54990 0.50 1 0.51 0.576960509 0.90 0.000497433 
AT1G59860 -0.38 1 0.44 0.979394862 0.90 0.044345117 
AT1G64890 0.03 1 -0.07 1 0.89 0.001363327 
AT1G67470 -0.17 1 -0.31 0.908980303 0.89 2.16E-05 
AT1G53345 0.36 1 0.30 1 0.89 0.009830165 
AT1G61660 0.26 1 0.18 1 0.89 1.87E-06 
AT1G67630 0.36 1 0.27 1 0.89 0.00098418 
AT1G64470 0.20 1 0.08 1 0.89 0.00015593 
AT1G64105 0.04 1 0.12 1 0.89 0.00091716 
AT1G66920 0.09 1 -0.16 1 0.89 0.001330269 
AT4G29930 0.39 1 0.00 1 0.89 0.004436777 
AT1G45145 0.13 1 -0.16 1 0.89 0.00050157 
AT1G64690 -0.19 1 0.00 1 0.89 0.008983066 
AT5G13740 0.10 1 0.08 1 0.89 0.00023858 
AT1G58470 0.30 1 0.53 0.734534133 0.89 0.01035194 
AT1G63840 0.19 1 0.07 1 0.89 2.81E-05 
AT1G02660 0.08 1 0.12 1 0.88 0.016800971 
AT1G67310 0.03 1 0.06 1 0.88 1.10E-07 
AT1G59620 -0.09 1 -0.11 1 0.88 0.000901792 
AT5G19890 0.41 1 -0.34 0.988171686 0.88 0.006122737 
AT1G62300 0.17 1 0.13 1 0.88 0.001489159 
AT5G60680 0.09 1 0.66 0.001223883 0.88 1.73E-08 
AT1G55730 0.19 1 0.15 1 0.88 2.45E-06 
AT5G50950 0.29 1 -0.13 1 0.88 0.000195756 
AT1G62430 0.01 1 0.08 1 0.88 1.77E-05 
AT1G61600 0.05 1 -0.08 1 0.88 0.000818009 
AT1G59870 -0.02 1 -0.26 1 0.88 0.001736545 
AT1G65032 0.25 1 -0.04 1 0.88 0.00050157 
AT2G40435 -0.14 1 -0.57 0.625023037 0.88 0.005336629 
AT1G53430 -0.08 1 -0.04 1 0.88 1.74E-05 
AT1G67560 -0.02 1 -0.06 1 0.88 3.20E-05 
AT1G67780 0.43 1 0.38 1 0.88 0.047026909 
AT1G03940 0.57 1 0.05 1 0.88 0.015411887 
AT5G24160 0.02 1 -0.38 0.701782357 0.87 7.44E-05 
AT4G08870 -0.01 1 -0.82 0.063733144 0.87 0.002048565 
AT1G68330 -0.02 1 -0.01 1 0.87 0.001083303 
AT2G20340 0.13 1 0.40 0.854577482 0.87 0.002244845 
AT1G68150 0.43 1 0.04 1 0.87 0.009060485 
AT2G32100 0.22 1 0.39 0.98828024 0.87 0.030041424 
AT1G67410 0.02 1 -0.06 1 0.87 0.000165893 
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AT4G36500 0.25 1 0.01 1 0.87 0.030000311 
AT1G65790 0.19 1 -0.37 0.945235781 0.87 0.007494655 
AT3G10190 0.28 1 0.31 0.8667198 0.87 1.68E-05 
AT4G16370 -0.14 1 -0.09 1 0.87 3.89E-05 
AT1G68440 0.09 1 0.12 1 0.87 8.94E-08 
AT1G56130 0.36 1 0.14 1 0.87 0.004613014 
AT1G65800 -0.03 1 -0.26 0.945235781 0.87 6.37E-05 
AT1G55750 0.13 1 0.26 0.830640985 0.86 5.28E-08 
AT1G53025 0.21 1 0.16 1 0.86 0.000178176 
AT1G67920 -0.40 1 -0.83 0.551522511 0.86 0.040611276 
AT1G64370 -0.07 1 -0.11 1 0.86 1.92E-05 
AT4G37260 0.26 1 0.38 0.217247121 0.86 2.20E-10 
AT1G64080 -0.11 1 -0.04 1 0.86 0.001638052 
AT1G54100 -0.07 1 -0.31 0.928536367 0.86 0.000512867 
AT1G25560 0.18 1 0.48 0.214338912 0.86 2.91E-06 
AT1G56460 0.03 1 -0.09 1 0.86 3.12E-07 
AT1G52880 -0.19 1 -0.20 1 0.86 0.000920607 
AT1G79890 0.74 0.706111499 0.53 0.76894186 0.86 0.014710431 
AT1G22190 0.27 1 0.44 0.051312798 0.86 7.38E-12 
AT1G14190 0.23 1 0.53 0.686795277 0.86 0.005838894 
AT1G19020 0.16 1 -0.35 1 0.86 0.017891775 
AT1G17750 0.62 0.971479608 -0.04 1 0.86 0.013577319 
AT3G16490 0.67 0.996909825 1.05 0.04398734 0.85 0.023796231 
AT3G02020 0.28 1 -0.23 0.884668901 0.85 8.24E-08 
AT3G49570 -0.10 1 -0.33 1 0.85 0.047579514 
AT1G62045 0.23 1 0.41 0.980905969 0.85 0.037856217 
AT1G63740 0.19 1 0.01 1 0.85 2.48E-05 
AT1G73330 -0.21 1 -0.42 0.561085301 0.85 0.000114215 
AT2G38390 0.16 1 -0.03 1 0.85 0.001026014 
AT1G63300 0.40 1 0.26 0.947719054 0.85 9.47E-05 
AT1G15310 0.34 1 0.44 0.744320241 0.85 0.002465718 
AT3G16450 0.29 1 -0.20 1 0.85 1.38E-05 
AT4G23880 0.10 1 0.11 1 0.85 0.005354021 
AT1G68840 0.10 1 0.60 0.013003683 0.85 2.71E-07 
AT1G72450 -0.06 1 -0.74 0.00104999 0.85 1.27E-06 
AT1G61460 0.11 1 -0.04 1 0.85 0.012123833 
AT1G53790 -0.36 1 -0.26 1 0.85 0.01009313 
AT3G25600 0.09 1 0.29 0.864031911 0.85 5.79E-06 
AT1G64940 0.15 1 0.20 1 0.85 0.00418407 
AT1G60430 0.01 1 0.25 0.989603012 0.84 0.000187213 
AT4G28500 0.33 1 0.60 0.745044134 0.84 0.027512044 
AT1G62810 0.09 1 -0.17 1 0.84 4.65E-06 
AT1G64570 0.11 1 0.18 1 0.84 0.00013374 
AT1G61170 0.12 1 0.08 1 0.84 0.00686657 
AT1G74430 0.06 1 -0.17 1 0.84 0.023629265 
AT1G15125 -0.17 1 -0.55 0.649828124 0.84 0.01426435 
AT3G15760 0.47 1 0.38 0.817099086 0.84 0.000428121 
AT3G57520 0.35 1 0.27 0.998066744 0.84 0.002643505 
AT2G32150 0.03 1 -0.02 1 0.84 0.001453765 
AT1G53170 -0.27 1 -0.22 0.966966721 0.84 4.25E-06 
AT1G62422 -0.14 1 -0.23 1 0.84 0.000682198 
AT5G59130 0.12 1 0.32 0.862876031 0.84 5.09E-05 
AT1G67940 -0.17 1 -0.11 1 0.83 9.23E-06 
AT1G64620 -0.22 1 0.03 1 0.83 0.001509292 
AT1G13260 0.01 1 0.40 0.236422531 0.83 2.33E-08 
AT2G43550 0.19 1 -0.23 1 0.83 0.001474016 
AT1G67320 0.28 1 0.16 1 0.83 0.005508788 
AT5G37980 -0.02 1 -0.14 1 0.83 0.032625317 
AT1G65120 0.39 1 0.02 1 0.83 0.015732254 
AT1G60010 0.01 1 0.05 1 0.83 3.35E-07 
AT1G54790 0.03 1 -0.18 1 0.83 0.016723689 



Lucas Lang 
XIX 

Appendix 
 

 

 

AT4G05070 -0.01 1 0.34 0.478653345 0.83 9.65E-08 
AT2G38750 0.02 1 -0.31 1 0.83 0.017246331 
AT5G52320 0.26 1 -0.55 0.344267893 0.83 0.000475263 
AT1G67120 0.22 1 0.25 1 0.83 0.003258735 
AT1G53165 0.14 1 0.12 1 0.83 5.89E-07 
AT1G58360 0.05 1 -0.05 1 0.83 4.56E-06 
AT1G55530 0.08 1 -0.06 1 0.83 1.17E-05 
AT1G55325 0.20 1 0.23 0.969167547 0.82 3.15E-05 
AT1G68080 0.25 1 0.18 1 0.82 0.000735126 
AT2G47180 0.10 1 0.15 1 0.82 7.61E-05 
AT1G03820 0.32 1 0.05 1 0.82 0.000971932 
AT1G71140 0.12 1 -0.06 1 0.82 0.044076828 
AT3G49790 -0.03 1 0.14 1 0.82 0.000208989 
AT5G06860 0.41 1 0.11 1 0.82 0.00046027 
AT1G63310 0.36 1 0.34 0.911690613 0.82 0.001727866 
AT1G18860 0.59 1 -0.10 1 0.82 0.049443688 
AT1G54340 -0.04 1 -0.01 1 0.82 1.71E-07 
AT5G26220 -0.37 1 -0.40 0.901193572 0.82 0.01087744 
AT1G59780 0.67 0.717831097 0.18 1 0.82 0.009887282 
AT1G62730 0.22 1 0.18 1 0.82 2.80E-05 
AT1G19570 0.00 1 -0.50 0.188423414 0.82 1.93E-05 
AT3G47640 0.11 1 -0.06 1 0.82 0.008404127 
AT2G39050 0.12 1 -0.24 1 0.81 0.004856072 
AT2G46750 0.38 1 0.07 1 0.81 0.00141899 
AT1G56290 0.22 1 0.16 1 0.81 3.10E-05 
AT1G24625 0.20 1 0.01 1 0.81 4.27E-07 
AT1G66750 0.17 1 -0.01 1 0.81 1.74E-05 
AT1G60590 -0.08 1 -0.09 1 0.81 0.003668809 
AT1G66910 0.00 1 0.05 1 0.81 2.73E-06 
AT4G20320 0.11 1 0.22 1 0.81 0.003312398 
AT3G55710 -0.25 1 0.39 0.763146585 0.81 0.000974518 
AT1G63160 0.40 1 0.45 0.560230663 0.81 0.000550192 
AT2G33850 0.23 1 0.10 1 0.81 0.000120905 
AT1G61000 0.22 1 0.31 0.899633545 0.81 0.000235935 
AT1G65660 0.04 1 0.02 1 0.81 7.70E-06 
AT1G19550 0.02 1 -0.52 0.225228542 0.81 5.44E-05 
AT1G63430 0.07 1 0.08 1 0.81 5.25E-07 
AT5G55970 -0.02 1 -0.08 1 0.81 0.005542551 
AT3G58160 0.09 1 0.84 0.00766606 0.81 0.000858475 
AT3G59940 -0.12 1 0.53 0.090010372 0.80 8.63E-06 
AT1G53440 0.01 1 -0.04 1 0.80 1.36E-06 
AT1G20510 0.19 1 -0.51 0.29841081 0.80 0.000188563 
AT1G53900 0.07 1 0.18 1 0.80 1.42E-06 
AT1G53880 0.07 1 0.18 1 0.80 1.42E-06 
AT1G55880 0.05 1 0.04 1 0.80 1.12E-05 
AT1G65190 0.04 1 -0.08 1 0.80 3.38E-06 
AT3G26840 -0.18 1 -0.60 0.404801837 0.80 0.005359178 
AT5G50090 0.55 1 0.58 0.61292428 0.80 0.018965131 
AT1G65440 0.15 1 0.22 0.944218942 0.80 5.24E-06 
AT3G25780 0.56 1 -0.12 1 0.79 0.0215723 
AT2G23000 0.56 0.552990946 0.13 1 0.79 0.000584248 
AT5G23820 0.19 1 -0.20 1 0.79 6.11E-05 
AT1G65710 0.53 0.812941514 0.51 0.472310581 0.79 0.001796436 
AT4G10390 0.39 1 0.21 1 0.79 0.000697961 
AT1G56220 -0.30 0.828258936 -0.28 0.541749885 0.79 1.29E-09 
AT1G61490 0.04 1 0.16 1 0.79 0.025791836 
AT5G54690 0.20 1 0.26 1 0.79 0.006377148 
AT4G24010 -0.11 1 0.12 1 0.79 0.039326038 
AT1G63010 0.08 1 -0.16 1 0.79 7.95E-05 
AT1G55590 0.11 1 0.11 1 0.79 7.13E-06 
AT1G62970 0.23 1 0.15 1 0.79 6.93E-05 
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AT1G55265 -0.36 1 0.02 1 0.79 0.015809425 
AT1G62120 0.19 1 0.21 1 0.79 0.000208465 
AT1G51830 0.27 1 0.30 0.971074376 0.79 0.005245473 
AT1G68600 -0.18 1 -0.16 1 0.79 0.007703457 
AT1G65900 0.06 1 0.09 1 0.79 0.000534346 
AT1G63480 0.18 1 0.29 0.880553137 0.78 7.95E-05 
AT1G53590 0.01 1 0.08 1 0.78 2.33E-07 
AT1G52080 0.01 1 0.01 1 0.78 0.001572359 
AT3G26510 0.04 1 0.39 0.178955849 0.78 9.46E-09 
AT5G59570 0.03 1 0.18 1 0.78 0.002103158 
AT1G57870 -0.04 1 -0.01 1 0.78 1.23E-05 
AT2G01610 -0.09 1 0.02 1 0.78 0.017071669 
AT5G18130 -0.16 1 -0.34 0.878315967 0.78 0.001238364 
AT3G44720 0.05 1 -0.15 1 0.78 0.000949189 
AT1G53785 -0.07 1 0.15 1 0.78 0.000682198 
AT3G43270 0.34 0.844934289 -0.05 1 0.78 5.18E-07 
AT1G55610 0.05 1 0.15 1 0.78 1.19E-05 
AT5G67190 0.04 1 0.32 0.990962542 0.78 0.009540543 
AT1G64780 0.33 1 0.43 0.654892639 0.78 0.001796436 
AT1G54160 -0.33 1 -0.30 1 0.78 0.01743922 
AT1G67590 0.22 1 0.34 0.757210493 0.78 0.000214564 
AT1G53035 -0.24 1 -0.21 1 0.78 0.000369859 
AT1G65970 -0.11 1 0.00 1 0.78 0.006786239 
AT5G23235 -0.53 0.986087473 -0.28 1 0.78 0.007420289 
AT1G61240 -0.01 1 0.12 1 0.78 9.75E-05 
AT5G17420 0.33 0.90392689 0.41 0.245879736 0.78 5.24E-07 
AT1G55180 0.06 1 0.13 1 0.78 0.000637981 
AT1G12570 0.13 1 0.21 1 0.78 0.010640852 
AT1G66345 -0.04 1 -0.05 1 0.78 0.01524183 
AT1G65985 0.21 1 0.24 1 0.77 0.004596552 
AT1G03495 0.53 1 0.00 1 0.77 0.024376639 
AT1G61180 0.13 1 0.06 1 0.77 9.36E-06 
AT1G19770 0.02 1 0.25 0.518616363 0.77 7.38E-12 
AT1G64280 0.02 1 0.02 1 0.77 3.08E-06 
AT1G60490 0.01 1 -0.02 1 0.77 3.20E-06 
AT1G63220 0.09 1 0.14 1 0.77 0.003421838 
AT2G39650 0.36 1 -0.03 1 0.77 0.000701782 
AT1G61250 0.14 1 -0.08 1 0.77 8.12E-07 
AT1G59910 0.02 1 0.09 1 0.77 0.001144117 
AT1G56090 -0.27 1 -0.21 1 0.77 0.000150697 
AT1G08920 0.11 1 0.00 1 0.77 0.00101593 
AT1G53070 0.07 1 -0.05 1 0.77 0.000505951 
AT1G55152 -0.30 1 0.06 1 0.77 0.012648054 
AT1G63120 0.18 1 0.13 1 0.77 0.000168192 
AT1G56140 0.24 1 0.08 1 0.77 0.001013303 
AT4G21910 0.23 1 -0.15 1 0.77 0.000234129 
AT1G52260 0.10 1 -0.08 1 0.76 4.98E-05 
AT1G57790 0.04 1 -0.42 0.915971788 0.76 0.021933756 
AT1G23120 -0.16 1 0.11 1 0.76 0.015732254 
AT1G53050 0.17 1 0.12 1 0.76 9.05E-06 
AT1G66980 -0.05 1 0.00 1 0.76 4.11E-05 
AT1G67580 0.06 1 0.12 1 0.76 9.49E-06 
AT1G66890 0.00 1 -0.03 1 0.76 0.000503768 
AT1G62880 -0.01 1 -0.01 1 0.76 0.00048291 
AT3G13100 0.27 1 -0.03 1 0.76 0.030337552 
AT3G12145 0.29 1 -0.14 1 0.76 8.18E-06 
AT1G53710 0.08 1 0.03 1 0.76 3.89E-06 
AT2G22330 0.44 0.812941514 -0.20 1 0.76 0.000254261 
AT1G58030 -0.05 1 0.06 1 0.76 7.52E-06 
AT2G36220 0.23 1 0.29 0.787897161 0.76 1.17E-05 
AT1G63110 0.10 1 0.03 1 0.76 2.35E-08 
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AT1G01640 0.14 1 0.40 0.712335703 0.76 0.000671764 
AT5G17700 0.09 1 -0.05 1 0.76 9.10E-05 
AT1G61140 0.11 1 -0.03 1 0.76 6.99E-05 
AT5G10520 0.42 0.946833287 0.23 1 0.75 0.000335879 
AT5G18860 0.50 0.532805909 0.44 0.425061081 0.75 0.000181954 
AT1G64385 0.06 1 -0.07 1 0.75 1.49E-05 
AT1G52760 0.06 1 -0.05 1 0.75 7.90E-05 
AT5G11920 0.09 1 -0.06 1 0.75 0.012915525 
AT1G21100 0.07 1 -0.23 1 0.75 0.005543742 
AT1G64170 -0.35 1 -0.24 1 0.75 0.003109522 
AT1G63180 -0.27 1 0.34 0.921759992 0.75 0.005529752 
AT1G64760 0.20 1 0.30 0.857665809 0.75 0.000209658 
AT4G31020 0.65 0.503485459 0.65 0.229407054 0.75 0.004652808 
AT1G56230 0.02 1 -0.01 1 0.75 8.19E-06 
AT1G53200 0.00 1 -0.22 1 0.75 0.003068722 
AT1G61620 -0.05 1 -0.08 1 0.75 5.68E-05 
AT1G55550 0.04 1 -0.13 1 0.75 0.005558856 
AT2G39310 0.16 1 -0.15 1 0.75 2.01E-05 
AT1G52320 -0.06 1 -0.03 1 0.74 0.000105078 
AT1G55260 -0.07 1 -0.05 1 0.74 1.74E-05 
AT1G35260 0.08 1 -0.11 1 0.74 0.000533098 
AT1G28230 -0.16 1 -0.66 0.344267893 0.74 0.010781157 
AT1G80820 0.30 1 0.10 1 0.74 0.036283306 
AT1G59820 0.06 1 0.05 1 0.74 0.00037587 
AT1G60200 0.09 1 0.18 0.968761914 0.74 1.53E-06 
AT1G61690 0.00 1 -0.01 1 0.74 4.83E-05 
AT1G56580 -0.02 1 -0.04 1 0.74 0.001246243 
AT1G67140 0.11 1 0.15 1 0.74 9.63E-05 
AT1G60420 -0.10 1 -0.08 1 0.74 8.01E-05 
AT5G23240 -0.61 0.867921938 -0.35 0.952075942 0.74 0.024164101 
AT1G52150 0.13 1 0.17 1 0.74 3.67E-05 
AT4G30180 0.46 1 0.23 1 0.74 0.015976163 
AT1G55860 0.09 1 0.19 1 0.74 0.002685824 
AT1G60995 0.00 1 -0.04 1 0.74 2.16E-05 
AT1G59660 0.16 1 0.19 1 0.74 0.000494752 
AT1G66730 -0.01 1 0.04 1 0.74 0.000174473 
AT1G76780 0.14 1 0.76 0.10370414 0.74 0.012749217 
AT1G54150 0.05 1 -0.18 1 0.74 0.000163825 
AT3G16400 0.17 1 -0.13 1 0.74 1.04E-05 
AT3G15210 0.05 1 -0.03 1 0.73 2.94E-06 
AT1G67750 -0.04 1 0.03 1 0.73 0.000212414 
AT4G34230 0.02 1 -0.19 1 0.73 0.023796231 
AT4G11650 -0.03 1 -0.30 0.933716682 0.73 0.00470064 
AT1G61010 0.07 1 0.07 1 0.73 3.25E-06 
AT3G50060 -0.19 1 0.12 1 0.73 0.000153441 
AT1G52720 0.01 1 0.03 1 0.73 2.53E-05 
AT4G19460 0.13 1 0.47 0.717893798 0.73 0.009872717 
AT1G68220 0.04 1 0.03 1 0.73 4.38E-05 
AT1G54990 0.13 1 -0.12 1 0.73 1.48E-05 
AT1G61310 0.11 1 0.12 1 0.73 6.24E-07 
AT1G59610 0.05 1 0.09 1 0.73 2.53E-05 
AT1G53650 0.17 1 0.07 1 0.73 0.000553538 
AT1G67550 0.08 1 0.06 1 0.73 2.00E-06 
AT1G63360 0.03 1 -0.01 1 0.73 1.95E-06 
AT1G54730 -0.03 1 -0.13 1 0.73 0.003215821 
AT1G66900 -0.02 1 -0.09 1 0.72 5.61E-07 
AT5G58350 0.13 1 -0.08 1 0.72 0.000255337 
AT3G15630 -0.07 1 0.39 0.632998514 0.72 0.000627426 
AT1G66080 0.00 1 0.15 1 0.72 0.003754056 
AT1G56420 -0.17 1 -0.41 0.86398275 0.72 0.003883904 
AT1G67330 0.34 1 0.13 1 0.72 0.001518342 
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AT1G67060 0.11 1 0.15 1 0.72 0.001813091 
AT1G55350 0.12 1 0.22 0.963604818 0.72 0.000240067 
AT1G58100 0.17 1 0.15 1 0.72 3.48E-06 
AT1G63770 0.07 1 0.12 1 0.72 2.58E-07 
AT5G02490 0.29 1 0.26 1 0.72 0.018292121 
AT1G03850 0.13 1 0.14 1 0.72 0.000681628 
AT3G16410 0.19 1 -0.09 1 0.72 8.11E-06 
AT5G44005 -0.13 1 -0.45 0.686795277 0.72 0.003384877 
AT5G63970 0.17 1 0.06 1 0.72 0.020715641 
AT3G54880 0.14 1 -0.07 1 0.71 1.36E-05 
AT1G61040 0.03 1 0.11 1 0.71 3.27E-05 
AT1G52430 -0.20 1 -0.33 1 0.71 0.049225041 
AT1G77210 -0.30 1 0.20 1 0.71 0.000738903 
AT1G63460 0.06 1 -0.15 1 0.71 1.92E-05 
AT1G64400 0.05 1 -0.12 1 0.71 1.62E-05 
AT1G70290 -0.08 1 -0.21 1 0.71 0.001144117 
AT1G52910 0.08 1 0.14 1 0.71 0.008107763 
AT1G62020 0.08 1 0.09 1 0.71 7.86E-05 
AT2G46600 0.06 1 -0.05 1 0.71 2.08E-07 
AT3G14050 0.12 1 -0.32 0.830640985 0.71 0.000831844 
AT1G63470 0.15 1 0.18 1 0.71 0.000102285 
AT4G12545 0.91 0.075252855 0.13 1 0.71 0.021408209 
AT1G53580 -0.04 1 -0.25 0.882077235 0.71 5.85E-05 
AT3G11840 0.42 1 -0.51 0.801234278 0.71 0.043692567 
AT1G57765 0.08 1 0.06 1 0.71 0.000207104 
AT1G53230 -0.02 1 0.01 1 0.71 0.000472015 
AT3G56880 0.18 1 0.29 0.662366822 0.71 9.57E-06 
AT5G08790 0.29 1 -0.19 1 0.71 0.000275078 
AT5G57630 0.00 1 -0.10 1 0.71 6.93E-05 
AT1G56440 0.07 1 0.04 1 0.71 0.000399527 
AT1G55190 0.07 1 0.09 1 0.71 6.35E-05 
AT1G11050 0.02 1 -0.20 1 0.70 0.000254875 
AT1G55840 -0.05 1 -0.15 1 0.70 4.25E-06 
AT1G55130 0.14 1 0.04 1 0.70 0.00017026 
AT1G54090 0.03 1 0.02 1 0.70 0.000518659 
AT1G22890 0.16 1 -0.16 1 0.70 0.047577737 
AT1G54200 -0.05 1 0.03 1 0.70 0.011246348 
AT1G62050 0.04 1 0.10 1 0.70 0.000434274 
AT4G27860 0.23 1 -0.20 0.911933658 0.70 1.10E-06 
AT1G61190 0.16 1 0.01 1 0.70 5.41E-08 
AT4G18880 0.14 1 -0.38 0.632576579 0.70 0.000326147 
AT1G67490 0.07 1 -0.02 1 0.70 0.000189267 
AT1G58210 -0.08 1 -0.31 0.945235781 0.70 0.004673427 
AT2G36690 -0.33 1 0.00 1 -0.70 0.008037881 
AT3G10280 -0.16 1 0.00 1 -0.72 0.048058034 
AT5G27890 0.07 1 0.19 1 -0.73 0.009818641 
AT3G55250 -0.21 1 -0.18 1 -0.73 9.02E-05 
AT4G29150 0.01 1 0.29 0.830640985 -0.73 0.001784643 
AT3G49410 -0.07 1 -0.03 1 -0.73 0.022776005 
AT4G30250 0.02 1 0.12 1 -0.73 0.000177907 
AT3G55500 -0.28 1 -0.05 1 -0.74 0.017013765 
AT1G73830 -0.16 1 -0.05 1 -0.74 0.014896644 
AT1G21460 -0.05 1 -0.34 0.857665809 -0.74 0.003343162 
AT2G40300 0.07 1 0.16 1 -0.74 7.61E-05 
AT2G46720 -0.03 1 -0.01 1 -0.75 0.008240032 
AT1G75750 -0.04 1 0.34 0.593288552 -0.76 2.81E-05 
AT3G05660 -0.12 1 -0.49 0.807266003 -0.76 0.045446539 
AT5G65390 -0.22 1 -0.18 1 -0.76 2.22E-05 
AT1G80080 0.06 1 0.16 1 -0.76 0.016147254 
AT2G34060 -0.31 1 -0.18 1 -0.77 0.001561293 
AT3G16660 -0.21 1 -0.06 1 -0.77 0.0010654 
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AT1G11850 -0.15 1 -0.06 1 -0.77 0.005748224 
AT5G01600 0.12 1 0.00 1 -0.77 0.001030723 
AT5G20410 -0.13 1 -0.16 1 -0.77 0.034480041 
AT5G08565 0.01 1 -0.08 1 -0.77 0.002983715 
AT4G24670 0.11 1 0.20 1 -0.78 0.000691088 
AT1G34245 0.05 1 0.08 1 -0.78 0.047142874 
AT4G21590 -0.33 1 -0.03 1 -0.78 0.017952443 
AT3G60290 -0.13 1 -0.04 1 -0.78 0.005477002 
AT5G05060 -0.05 1 -0.57 0.04316275 -0.78 1.50E-05 
AT3G19850 -0.37 1 -0.04 1 -0.79 0.00091356 
AT1G29770 -0.77 0.671755966 -0.42 0.922048501 -0.79 0.038653603 
AT4G32460 -0.18 1 0.06 1 -0.79 0.010801774 
AT5G55450 -0.23 1 -0.27 1 -0.79 0.007802735 
AT4G21870 -0.28 1 0.13 1 -0.80 5.85E-05 
AT1G29720 -0.23 1 -0.19 1 -0.80 0.001519983 
AT1G04800 -0.13 1 -0.13 1 -0.80 0.000872739 
AT1G70985 -0.25 1 -0.16 1 -0.81 0.016252778 
AT2G41990 -0.22 1 0.44 0.744853918 -0.81 0.015544852 
AT1G72070 -0.18 1 -0.45 0.735485198 -0.82 0.006108394 
AT3G48700 0.18 1 0.17 1 -0.82 0.018863476 
AT5G44130 -0.12 1 0.14 1 -0.83 0.002931749 
AT1G28660 -0.30 0.895441288 -0.31 0.479156662 -0.83 7.19E-09 
AT2G39980 0.17 1 -0.11 1 -0.85 0.010858376 
AT1G19050 -0.21 1 -0.33 0.984083782 -0.85 0.015985042 
AT1G27045 -0.24 1 -0.03 1 -0.87 0.006388333 
AT3G06145 0.02 1 0.18 1 -0.88 0.023375578 
AT5G53210 0.02 1 0.27 0.941568151 -0.89 0.000224327 
AT5G02760 -0.34 1 -0.33 0.997247496 -0.89 0.010870599 
AT1G26600 -0.11 1 -0.08 1 -0.89 0.041573893 
AT3G22840 0.60 0.224520278 0.38 0.656275162 -0.92 1.57E-05 
AT2G42870 -0.06 1 0.07 1 -0.94 0.016120505 
AT3G49160 0.15 1 0.27 0.9316272 -0.96 1.72E-05 
AT1G18400 -0.21 1 -0.31 0.918907485 -0.97 0.000141208 
AT2G22140 0.13 1 0.11 1 -0.97 0.020669357 
AT3G51750 -0.16 1 -0.35 0.977424494 -0.98 0.007652556 
AT2G31320 0.13 1 -1.71 1.11E-05 -0.99 0.009258082 
AT1G10060 -0.27 1 -0.24 0.929310122 -1.00 2.03E-07 
AT3G44990 -0.18 1 -0.23 1 -1.01 0.001905724 
AT3G16670 -0.56 1 -0.69 0.638922215 -1.02 0.01776381 
AT2G42170 -0.30 1 -0.21 1 -1.03 0.000283664 
AT1G24260 0.16 1 -0.12 1 -1.03 0.006734794 
AT2G23130 -0.39 1 -0.22 1 -1.04 2.88E-05 
AT4G19430 -0.51 1 -0.35 0.965171114 -1.04 0.001050899 
AT2G43140 -0.18 1 -0.13 1 -1.05 0.000164648 
AT5G57530 0.48 1 0.14 1 -1.05 0.038150254 
AT3G14210 -0.51 0.833207765 -0.91 0.004524404 -1.05 1.44E-05 
AT1G21540 -0.47 1 -0.20 1 -1.07 5.02E-05 
AT4G11460 -0.17 1 0.10 1 -1.10 0.002877729 
AT2G43870 -0.03 1 -0.48 0.908980303 -1.10 0.007949787 
AT2G11810 -0.01 1 -0.17 1 -1.13 0.03833592 
AT4G14690 0.73 0.385730602 0.31 0.972276088 -1.13 0.000113699 
AT1G13430 -0.26 1 -0.26 1 -1.16 0.017456385 
AT2G44970 -0.04 1 -2.14 2.61E-15 -1.17 2.63E-05 
AT3G22750 -0.16 1 -0.28 0.823100139 -1.17 9.43E-11 
AT5G39190 -0.56 0.833207765 0.46 0.660127912 -1.17 1.75E-05 
AT5G39160 -0.57 0.834319663 0.48 0.617514225 -1.17 2.85E-05 
AT5G03860 -0.66 1 -0.47 0.933716682 -1.17 0.006419629 
AT1G50040 -0.53 1 -0.45 1 -1.18 0.027383389 
AT5G44575 -0.13 1 -0.63 0.889628664 -1.19 0.022140891 
AT5G09970 -0.60 1 -0.22 1 -1.20 0.009055848 
AT1G03010 -1.20 0.65824893 -0.55 0.972276088 -1.21 0.043008634 
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AT5G57770 -0.34 1 -0.37 0.972276088 -1.23 0.000342799 
AT5G09570 -0.22 1 -0.05 1 -1.23 0.000826805 
AT5G57760 -0.39 1 -0.35 0.994559775 -1.28 0.00023858 
AT2G05540 -0.75 0.986087473 -0.26 1 -1.30 0.002054542 
AT3G09450 -0.13 1 0.03 1 -1.30 0.011269386 
AT5G39130 -0.58 0.986087473 0.29 1 -1.30 4.27E-05 
AT2G34210 -0.14 1 -0.16 1 -1.31 0.006499861 
AT3G06120 -0.36 1 -0.25 1 -1.31 0.000753366 
AT5G54070 -0.66 1 -1.09 0.377737692 -1.35 0.016800971 
AT4G28530 0.03 1 -0.80 0.789667241 -1.41 0.022007911 
AT3G58070 -0.09 1 -0.13 1 -1.43 7.07E-05 
AT5G67060 -0.85 0.932146044 -0.62 0.866556072 -1.45 0.002336535 
AT5G13170 -0.38 1 0.52 0.967659854 -1.47 0.003370785 
AT1G23110 -0.09 1 -0.33 1 -1.51 0.006302958 
AT5G65080 -0.42 1 -2.13 0.041296033 -1.52 0.034096614 
AT1G21320 -0.42 1 -0.26 1 -1.56 0.000538428 
AT4G12470 -0.28 1 -0.40 1 -1.60 0.000684006 
AT3G59900 -0.51 1 -0.36 1 -1.61 2.21E-05 
AT2G45135 0.02 1 0.17 1 -1.62 0.000267557 
AT2G41230 -0.20 1 -0.55 0.971942217 -1.63 0.002212227 
AT2G40670 -0.37 1 -0.17 1 -1.63 3.76E-07 
AT4G28850 -0.03 1 -0.03 1 -1.71 0.018702178 
AT4G25750 -0.19 1 -0.07 1 -1.76 2.12E-11 
AT2G36540 -0.60 1 -0.62 1 -1.82 0.027164874 
AT5G05290 -0.25 1 -2.40 0.028233437 -1.85 0.012943726 
AT5G08030 0.16 1 -0.27 1 -1.86 0.002668025 
AT3G27940 0.07 1 -0.11 1 -1.93 0.023151586 
AT2G41231 -0.46 1 -0.58 0.985559055 -1.96 0.00082343 
AT5G46890 0.61 1 0.07 1 -1.99 0.000178618 
AT5G46900 0.62 1 0.18 1 -2.00 0.000365106 
AT5G50790 -0.89 1 -0.70 0.882077235 -2.03 0.000124406 
AT2G29370 -0.36 1 0.42 0.958739684 -2.09 2.21E-05 
AT1G04660 -0.34 1 -0.14 1 -2.20 0.005045871 
AT3G62760 -0.25 1 -0.17 1 -2.29 1.45E-06 
AT5G40320 0.15 1 -0.26 1 -2.40 0.035771011 
AT5G41730 0.07 1 -0.63 1 -2.40 0.046354421 
AT5G35770 -0.68 1 -0.77 1 -2.40 0.043910487 
AT3G09922 -0.47 1 -0.44 1 -2.53 2.44E-05 
AT1G20400 -0.26 1 -0.24 1 -2.58 0.000287295 
AT3G46340 -0.77 1 -0.47 1 -2.64 0.046918304 
AT4G36350 -0.53 1 -0.75 1 -2.64 0.044076828 
AT5G15725 -0.96 1 -1.32 0.91138183 -2.89 0.042724559 
AT5G55690 0.26 1 -0.58 1 -3.50 0.018143773 
AT5G54190 -2.08 0.626487174 -0.67 1 -4.40 0.000293154 
AT2G36190 0.34 1 -0.69 1 -4.66 0.04726036 
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Table S2. PANTHER Gene List Analysis (Thomas et al, 2022) to identify statistically 

overrepresented and underrepresented up-regulated biological process GO terms 

(applying Fisher's Exact test with Bonferroni correction) in flic flac mutant seedlings. 

Analysis Type: PANTHER Overrepresentation Test (Released 20231017) 
 

Annotation Version and Release Date: GO Ontology database DOI:  10.5281/zenodo.7942786 Released 2023-01-05 

Analyzed List: Client Text Box Input (Arabidopsis thaliana) 
  

Reference List: Arabidopsis thaliana (all genes in database) 
  

Test Type: FISHER 
     

Correction: BONFERRONI 
    

Bonferroni count: 2976 
     

 

GO biological process complete Arabidopsis 
thaliana - 
REFLIST 
(27436) 

Client 
Text Box 
Input 
(852) 

Client 
Text Box 
Input 
(expected) 

Client 
Text Box 
Input 
(over/ 
under) 

Client Text 
Box Input 
(fold 
Enrichment) 

Client 
Text Box 
Input (P-
value) 

cellular response to iron ion starvation 
(GO:0010106) 

8 6 0.25 + 24.15 5.33E-03 

indole glucosinolate metabolic 
process (GO:0042343) 

39 10 1.21 + 8.26 4.92E-03 

cellular response to hypoxia 
(GO:0071456) 

237 54 7.36 + 7.34 1.29E-23 

cellular response to decreased oxygen 
levels (GO:0036294) 

239 54 7.42 + 7.28 1.83E-23 

cellular response to oxygen levels 
(GO:0071453) 

240 54 7.45 + 7.25 2.18E-23 

jasmonic acid metabolic process 
(GO:0009694) 

49 11 1.52 + 7.23 4.60E-03 

regulation of jasmonic acid mediated 
signaling pathway (GO:2000022) 

45 10 1.4 + 7.16 1.49E-02 

sulfur compound catabolic process 
(GO:0044273) 

41 9 1.27 + 7.07 4.81E-02 

long-chain fatty acid metabolic 
process (GO:0001676) 

60 12 1.86 + 6.44 4.49E-03 

response to hypoxia (GO:0001666) 341 59 10.59 + 5.57 1.30E-20 

jasmonic acid mediated signaling 
pathway (GO:0009867) 

146 25 4.53 + 5.51 2.09E-07 

response to decreased oxygen levels 
(GO:0036293) 

351 59 10.9 + 5.41 4.74E-20 

response to oxygen levels 
(GO:0070482) 

353 59 10.96 + 5.38 6.10E-20 

cellular response to fatty acid 
(GO:0071398) 

186 31 5.78 + 5.37 2.07E-09 

cellular response to jasmonic acid 
stimulus (GO:0071395) 

180 30 5.59 + 5.37 4.86E-09 

response to jasmonic acid 
(GO:0009753) 

673 105 20.9 + 5.02 2.47E-35 

response to wounding (GO:0009611) 940 145 29.19 + 4.97 6.08E-50 

response to fatty acid (GO:0070542) 706 106 21.92 + 4.83 2.24E-34 

aromatic amino acid metabolic 
process (GO:0009072) 

153 22 4.75 + 4.63 5.03E-05 

systemic acquired resistance 
(GO:0009627) 

119 17 3.7 + 4.6 2.27E-03 

indole-containing compound 
metabolic process (GO:0042430) 

189 26 5.87 + 4.43 5.94E-06 
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glycosyl compound biosynthetic 
process (GO:1901659) 

117 16 3.63 + 4.4 7.96E-03 

cellular response to salicylic acid 
stimulus (GO:0071446) 

125 17 3.88 + 4.38 4.18E-03 

S-glycoside metabolic process 
(GO:0016143) 

275 37 8.54 + 4.33 4.24E-09 

glucosinolate metabolic process 
(GO:0019760) 

275 37 8.54 + 4.33 4.24E-09 

glycosinolate metabolic process 
(GO:0019757) 

275 37 8.54 + 4.33 4.24E-09 

regulation of cellular ketone metabolic 
process (GO:0010565) 

149 20 4.63 + 4.32 6.10E-04 

response to oxidative stress 
(GO:0006979) 

740 99 22.98 + 4.31 3.37E-28 

indole-containing compound 
biosynthetic process (GO:0042435) 

120 16 3.73 + 4.29 1.07E-02 

glycosyl compound metabolic process 
(GO:1901657) 

316 42 9.81 + 4.28 1.87E-10 

response to salicylic acid (GO:0009751) 417 55 12.95 + 4.25 3.03E-14 

response to molecule of bacterial 
origin (GO:0002237) 

160 21 4.97 + 4.23 4.28E-04 

response to nutrient levels 
(GO:0031667) 

280 36 8.7 + 4.14 2.77E-08 

cellular response to nutrient levels 
(GO:0031669) 

203 23 6.3 + 3.65 1.21E-03 

response to extracellular stimulus 
(GO:0009991) 

342 38 10.62 + 3.58 3.63E-07 

regulation of small molecule 
metabolic process (GO:0062012) 

208 23 6.46 + 3.56 1.78E-03 

response to fungus (GO:0009620) 1183 124 36.74 + 3.38 7.61E-27 

regulation of defense response 
(GO:0031347) 

883 92 27.42 + 3.36 6.81E-19 

secondary metabolite biosynthetic 
process (GO:0044550) 

368 38 11.43 + 3.33 2.43E-06 

amine metabolic process (GO:0009308) 233 23 7.24 + 3.18 1.05E-02 

regulation of response to stress 
(GO:0080134) 

1016 100 31.55 + 3.17 4.05E-19 

defense response to fungus 
(GO:0050832) 

927 90 28.79 + 3.13 1.48E-16 

cellular response to extracellular 
stimulus (GO:0031668) 

259 25 8.04 + 3.11 5.78E-03 

secondary metabolic process 
(GO:0019748) 

788 76 24.47 + 3.11 2.02E-13 

response to starvation (GO:0042594) 222 21 6.89 + 3.05 4.96E-02 

response to organic cyclic compound 
(GO:0014070) 

963 91 29.91 + 3.04 4.62E-16 

cellular response to external stimulus 
(GO:0071496) 

265 25 8.23 + 3.04 8.42E-03 

defense response to bacterium 
(GO:0042742) 

1102 103 34.22 + 3.01 3.03E-18 

alpha-amino acid metabolic process 
(GO:1901605) 

409 38 12.7 + 2.99 3.45E-05 

response to salt stress (GO:0009651) 711 66 22.08 + 2.99 1.29E-10 

response to osmotic stress 
(GO:0006970) 

1056 96 32.79 + 2.93 4.81E-16 

cellular response to organic cyclic 
compound (GO:0071407) 

297 27 9.22 + 2.93 6.52E-03 

response to bacterium (GO:0009617) 1399 126 43.44 + 2.9 9.73E-22 
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amino acid metabolic process 
(GO:0006520) 

604 54 18.76 + 2.88 1.06E-07 

sulfur compound biosynthetic process 
(GO:0044272) 

291 26 9.04 + 2.88 1.34E-02 

sulfur compound metabolic process 
(GO:0006790) 

642 57 19.94 + 2.86 3.81E-08 

response to external biotic stimulus 
(GO:0043207) 

2673 233 83.01 + 2.81 8.82E-43 

response to other organism 
(GO:0051707) 

2673 233 83.01 + 2.81 8.82E-43 

response to biotic stimulus 
(GO:0009607) 

2676 233 83.1 + 2.8 1.05E-42 

biological process involved in 
interspecies interaction between 
organisms (GO:0044419) 

2687 233 83.44 + 2.79 2.01E-42 

cellular response to stress 
(GO:0033554) 

1213 105 37.67 + 2.79 2.19E-16 

response to water deprivation 
(GO:0009414) 

1249 108 38.79 + 2.78 6.55E-17 

response to external stimulus 
(GO:0009605) 

3195 273 99.22 + 2.75 2.06E-50 

response to water (GO:0009415) 1361 116 42.26 + 2.74 6.14E-18 

response to acid chemical 
(GO:0001101) 

1394 118 43.29 + 2.73 4.42E-18 

regulation of response to stimulus 
(GO:0048583) 

1475 123 45.8 + 2.69 2.16E-18 

response to salt (GO:1902074) 1469 121 45.62 + 2.65 1.07E-17 

defense response to other organism 
(GO:0098542) 

2295 189 71.27 + 2.65 3.65E-30 

response to cold (GO:0009409) 651 53 20.22 + 2.62 4.58E-06 

cellular response to chemical stimulus 
(GO:0070887) 

2126 173 66.02 + 2.62 1.80E-26 

defense response (GO:0006952) 2615 212 81.21 + 2.61 1.05E-33 

response to lipid (GO:0033993) 2753 223 85.49 + 2.61 8.20E-36 

response to alcohol (GO:0097305) 1324 107 41.12 + 2.6 1.39E-14 

response to abscisic acid (GO:0009737) 1181 95 36.67 + 2.59 1.75E-12 

response to inorganic substance 
(GO:0010035) 

2246 178 69.75 + 2.55 3.72E-26 

response to hormone (GO:0009725) 2717 210 84.37 + 2.49 1.60E-30 

response to endogenous stimulus 
(GO:0009719) 

2748 212 85.34 + 2.48 8.76E-31 

response to oxygen-containing 
compound (GO:1901700) 

3432 260 106.58 + 2.44 3.12E-38 

cellular response to hormone stimulus 
(GO:0032870) 

1123 84 34.87 + 2.41 4.04E-09 

cellular response to oxygen-containing 
compound (GO:1901701) 

1257 94 39.03 + 2.41 1.25E-10 

hormone-mediated signaling pathway 
(GO:0009755) 

861 64 26.74 + 2.39 2.52E-06 

cellular response to endogenous 
stimulus (GO:0071495) 

1157 86 35.93 + 2.39 2.41E-09 

response to stress (GO:0006950) 5749 427 178.53 + 2.39 1.45E-72 

cellular response to lipid (GO:0071396) 836 62 25.96 + 2.39 5.18E-06 

cellular response to organic substance 
(GO:0071310) 

1646 117 51.12 + 2.29 2.62E-12 

response to chemical (GO:0042221) 5308 369 164.84 + 2.24 1.31E-51 

response to organic substance 
(GO:0010033) 

4560 315 141.61 + 2.22 5.86E-41 
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oxoacid metabolic process 
(GO:0043436) 

2053 138 63.75 + 2.16 2.81E-13 

carboxylic acid metabolic process 
(GO:0019752) 

1559 104 48.41 + 2.15 4.15E-09 

organic acid metabolic process 
(GO:0006082) 

2173 144 67.48 + 2.13 1.28E-13 

cellular catabolic process 
(GO:0044248) 

1081 67 33.57 + 2 9.96E-04 

regulation of DNA-templated 
transcription (GO:0006355) 

2445 151 75.93 + 1.99 8.24E-12 

regulation of RNA biosynthetic process 
(GO:2001141) 

2453 151 76.18 + 1.98 9.22E-12 

cellular response to stimulus 
(GO:0051716) 

3848 236 119.5 + 1.97 6.87E-21 

regulation of macromolecule 
biosynthetic process (GO:0010556) 

2675 160 83.07 + 1.93 1.07E-11 

carbohydrate derivative metabolic 
process (GO:1901135) 

1004 60 31.18 + 1.92 1.09E-02 

response to temperature stimulus 
(GO:0009266) 

1309 78 40.65 + 1.92 3.52E-04 

regulation of biosynthetic process 
(GO:0009889) 

3061 181 95.06 + 1.9 2.89E-13 

positive regulation of cellular process 
(GO:0048522) 

1038 61 32.23 + 1.89 1.55E-02 

regulation of cellular biosynthetic 
process (GO:0031326) 

2901 170 90.09 + 1.89 6.73E-12 

regulation of RNA metabolic process 
(GO:0051252) 

2717 157 84.37 + 1.86 3.86E-10 

cell communication (GO:0007154) 2519 144 78.23 + 1.84 1.21E-08 

response to abiotic stimulus 
(GO:0009628) 

4732 268 146.95 + 1.82 1.18E-19 

response to stimulus (GO:0050896) 9743 549 302.56 + 1.81 4.31E-60 

small molecule metabolic process 
(GO:0044281) 

3094 171 96.08 + 1.78 1.10E-09 

signal transduction (GO:0007165) 2224 120 69.06 + 1.74 2.94E-05 

regulation of nucleobase-containing 
compound metabolic process 
(GO:0019219) 

3053 164 94.81 + 1.73 3.02E-08 

signaling (GO:0023052) 2294 120 71.24 + 1.68 1.42E-04 

regulation of cellular metabolic 
process (GO:0031323) 

3679 191 114.25 + 1.67 5.65E-09 

positive regulation of biological 
process (GO:0048518) 

1611 83 50.03 + 1.66 3.94E-02 

regulation of primary metabolic 
process (GO:0080090) 

3784 185 117.51 + 1.57 2.28E-06 

regulation of nitrogen compound 
metabolic process (GO:0051171) 

3666 178 113.84 + 1.56 9.20E-06 

regulation of gene expression 
(GO:0010468) 

3823 180 118.72 + 1.52 5.74E-05 

regulation of cellular process 
(GO:0050794) 

6159 289 191.26 + 1.51 1.71E-10 

regulation of metabolic process 
(GO:0019222) 

4999 233 155.24 + 1.5 3.55E-07 

regulation of macromolecule 
metabolic process (GO:0060255) 

4279 194 132.88 + 1.46 2.41E-04 

regulation of biological process 
(GO:0050789) 

8236 357 255.76 + 1.4 1.51E-09 

biological regulation (GO:0065007) 8659 366 268.9 + 1.36 2.05E-08 

cellular process (GO:0009987) 15242 569 473.33 + 1.2 1.46E-07 
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nucleobase-containing compound 
metabolic process (GO:0006139) 

3651 71 113.38 - 0.63 2.71E-02 

nucleic acid metabolic process 
(GO:0090304) 

3267 60 101.45 - 0.59 1.56E-02 

Unclassified (UNCLASSIFIED) 1134 19 35.22 - 0.54 0.00E+00 

RNA metabolic process (GO:0016070) 2812 46 87.32 - 0.53 2.41E-03 

gene expression (GO:0010467) 1499 13 46.55 - 0.28 3.08E-05 

 

 

Table S3. PANTHER Gene List Analysis (Thomas et al, 2022) to identify statistically 

overrepresented and underrepresented down-regulated biological process GO terms 

(applying Fisher's Exact test with Bonferroni correction) in flic flac mutant seedlings. 

Analysis Type: PANTHER Overrepresentation Test (Released 20231017) 
 

Annotation Version and Release Date: GO Ontology database DOI:  10.5281/zenodo.7942786 Released 2023-01-05 

Analyzed List: Client Text Box Input (Arabidopsis thaliana) 
  

Reference List: Arabidopsis thaliana (all genes in database) 
  

Test Type: FISHER 
     

Correction: BONFERRONI 
    

Bonferroni count: 2976 
     

 

GO biological process complete Arabidopsis 
thaliana - 
REFLIST 
(27436) 

Client 
Text Box 
Input 
(852) 

Client 
Text Box 
Input 
(expected) 

Client 
Text Box 
Input 
(over/ 
under) 

Client Text 
Box Input 
(fold 
Enrichment) 

Client 
Text Box 
Input (P-
value) 

positive regulation of organ growth 
(GO:0046622) 

6 3 0.03 + > 100 1.98E-02 

Unclassified (UNCLASSIFIED) 1134 7 4.96 + 1.41 0.00E+00 
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Table S4. DEGs with logfc > 0.7 and P < 0.05 in flac and flic flac mutants related to 

flowering time regulation according to the Flowering Interactive Database (FLOR-ID) 

(Bouché et al, 2016). Additionally, CIL1 has been manually curated (Liu et al, 2013, 

2018). The effect of overexpression (OE) and/or mutation of these genes on flowering 

is shown (Lee et al, 2000; Ratcliffe et al, 2003; Liu et al, 2007; Castillejo & Pelaz, 2008; 

Mathieu et al, 2009; Kim & Sung, 2010; Gillmor et al, 2014; Gomez et al, 2020; Yan et al, 

2020; Nasim et al, 2022). ns, not significantly de-regulated. 

AGI locus Primary Gene Symbol logfc 
(flac) 

logfc 
(flic flac) Effect on flowering Reference 

AT1G68920 CIL1 1.67 1.76 OE promotes Liu et al, 2013, 2018 

AT1G68050 FKF1 ns 1.09 OE promotes Yan et al, 2020 

AT1G57820 VIM1 ns 0.98 OE represses Liu et al, 2007 

AT2G45660 AGL20 ns 0.94 OE promotes Lee et al, 2000 

AT1G66350 RGL1 ns 0.94 mutation represses Gomez et al, 2020 

AT3G54990 SMZ ns 0.90 OE represses Mathieu et al, 2009 

AT1G25560 TEM1 ns 0.86 OE represses Castillejo & Pelaz, 2008 

AT1G68840 RAV2 < 0.7 0.85 OE represses Castillejo & Pelaz, 2008 

AT1G55325 GCT ns 0.82 mutation represses Gillmor et al, 2014 

AT1G61040 VIP5 ns 0.71 mutation promotes Nasim et al, 2022 

AT5G65080 MAF5 -2.13 -1.52 mutation no effect/ 
OE represses 

Ratcliffe et al, 2003; 
Kim & Sung, 2010 

 

Table S5. List of oligonucleotides used in this study. 

Purpose Name Sequence Line 
CRISPR ZmTI3 CRISPR129 fw TGTTGCGGAAAACACCCACGGTAG Zmflac-c1 
CRISPR ZmTI3 CRISPR129 rv AAACCTACCGTGGGTGTTTTCCGC Zmflac-c1 
Genotyping ZmTI3 CR 69/129 fw GCGCATGTACTTGTTTCCCTC Zmflac-c1 
Genotyping ZmTI3 CR 69/129 rv GTTCTTCGAGTCATTGGCTTCC Zmflac-c1 
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