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Summary 

 

Leaves are the main organs for photosynthesis in plants, and hence the development of these 
organs is under strict control. Leaf development is generally divided into two phases, the 
proliferation and expansion phases. In the proliferation phase,  most leaf cells are 
undifferentiated and undergo repetitive mitosis. After this phase, cells stop dividing and start 
to differentiate and grow by expansion, leading to mature leaf cells. Additionally to these two 
main stages of leaf development, several other stages are important as well. These are the 
initiation of the leaf from the shoot apical meristem (SAM), the transition phase, in which the 
leaf cells switch from proliferative to expansive growth, and finally leaf senescence, a stage in 
which leaves undergo controlled aging and death. All these phases are under the control of 
both endogenous and exogenous influences. In this work we were interested in a particular 
class of transcription factors known to control leaf development: the TCP transcription factor 
family.  

In Chapter 1 of this thesis a detailed introduction is given into TCP transcription factors and 
their supposed role in leaf development. Some members from the TCP transcription factor 
family are involved in transcriptional control of leaf development in different plant species, 
including tomato, snapdragon and the model plant Arabidopsis thaliana. The Arabidopsis 
genome encodes 24 genes of the TCP transcription factor family, which according to 
sequences were divided into two classes, class I and class II TCPs. Based on the putative 
consensus binding sites of TCP proteins belonging to these classes, the theory has been 
postulated that proteins of the two classes compete for binding in the promoters of the same 
genes, leading to an antagonistic regulation of these targets. In general, not much is known 
about TCP functions, and almost all knowledge comes from analyses of class II tcp mutants, 
whose divergent phenotypes have been characterized in single and multiple gene knockouts. 
Single tcp knockouts often have inconspicuous phenotypes that can be explained by strong 
functional redundancy within the TCP transcription factor family. The most prominent 
example is the five TCP transcription factors that are under control of the microRNA 
miR319a, and whose collective downregulation leads to the JAGGED AND WAVY (JAW) 
phenotype.  

Different ways exist to circumvent problems with genetic redundancy. One way is to cross 
knockout lines for closely related homologues in order to knock-out complete functions. In 
the TCP family, where sequences are highly variable outside the so called TCP domain, 
highest sequence homology is not always a good predictor for functional redundancy, which 
we could show in Chapter 2. Instead, integration of expression and other functional data can 
help determining the level of functional redundancy between closely related genes. In Chapter 
2, we could show e.g. that from the four TCPs that are closely related to TCP4 the 
transcription factor TCP10 has the highest overlap in sequence, expression, and protein-
protein interaction capacity. Further investigation of TCP10 target genes and comparison with 
published data on TCP4 targets shows a strong overlap, specifically covering genes that are 
involved in jasmonate (JA) synthesis and response, indicating common functions and 
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confirming earlier studies regarding the importance of JA signaling in mediating class II TCP 
control of leaf development. Another way to analyze gene function of a transcription factor 
despite genetic redundancy within a gene family, is to identify the genes that are under direct 
transcriptional control of the transcription factor. For this purpose, several methods are 
available, like chromatin immunoprecipitation (ChIP) and the use of glucocorticoid induction 
assays (GR) combined with genome-wide expression studies by micro-array analyses or 
RNA-seq. We made use of ChIP and GR assays to determine the function of the class I TCP 
transcription factor TCP20, because no phenotypic alterations could be observed in tcp20 
single knockout mutants (Chapter 3). We identified 278 potential direct target genes for 
TCP20, of which a significant proportion appeared to be again JA synthesis and response 
genes. Surprisingly, cell cycle genes, which were supposed to be under the control of TCP20, 
were not found in our study. Though, LIPOXYGENASE2 (LOX2), which is also under the 
control of the class II TCP transcription factors TCP4 and TCP10, was found, which gave us 
the possibility to investigate the previously suggested antagonistic control of target genes by 
class I and class II TCPs. We could not show a direct competition between TCP20 and TCP4 
for binding to the same cis-elements in the LOX2 locus, but were able to show binding of 
both TCP4 and TCP20 to LOX2 regulatory sequences and activation versus repression of 
LOX2 transcription by TCP4 and TCP20, respectively. This at least partially conformed the 
theory and suggests that the two classes have antagonistic functions. 

 Another group of genes that was found to be over-represented in the TCP20 target gene list 
were genes involved in iron homeostasis of both roots and leaves. In Chapter 4 we describe 
the analysis of this TCP20-mediated control of the subgroup Ib basic helix-loop-helix 
transcription factors bHLH038, bHLH039, bHLH100, and bHLH101. This study includes a 
functional analysis of these genes, which previously had been found to be involved in iron 
homeostasis and to be specifically up-regulated at the transition stage when leaves switch 
from mainly proliferative to expansive growth. The experiments showed that these 
transcription factors are involved in photomorphogenesis, suggesting that they are regulating 
iron homeostasis during the switch from proliferative to differentiated leaf cells, and that the 
inhibition by TCP20 may function as a means to suppress cell differentiation during early leaf 
development. 

If TCPs are not involved in the control of the cell cycle during leaf growth, the question 
remains which transcription factors fulfill this function. A large scale analysis of transcription 
factor binding to three selected cell cycle promoters is described in Chapter 5. In a yeast one-
hybrid assay we found TCPs to be under-represented, as expected. Instead, transcription 
factors of different families have been identified, some of which previously have not been 
associated to cell cycle control. Of these families especially the MYB and NAC families of 
transcription factors stand out. For a large part of the identified transcription factors no 
function is known from mutant analysis and hence, their involvement in cell cycle regulation, 
especially in leaf development, should be investigated in future research.  

In Chapter 6, the results of the previous chapters are summarized and interpreted. In sum, we 
analyzed functions for two TCP transcription factors by the identification of their genome-
wide target gene spectrum and found both to be involved in hormonal control of leaf 
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development, but also in cell wall control and iron homeostasis, increasing the number of 
cellular functions in which TCPs are potentially involved. Additionally, we could not find any 
indications that core cell cycle genes are direct targets of these transcription factors, despite 
the growth effects discovered when knocking down several TCP genes. The fact that in these 
tcp mutants ultimately cell proliferation is affected leads to the assumption that TCP genes 
indirectly control the cell cycle via downstream targets. For this, especially the hormones 
under their control are strong candidates because jasmonic acid and other hormones have 
previously been shown to be involved in both cell cycle control and the regulation of leaf 
development at different stages. We conclude that the broadly expressed members from the 
TCP transcription factor family are not the key regulators of growth, but act as co-factors or 
mediators in this biological process. 
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Samenvatting 

 

Bladeren zijn belangrijke plantenorganen vanwege hun fotosynthetische capaciteit, en de 
ontwikkeling van deze organen wordt exact gecoördineerd. Bladontwikkeling kan worden 
onderverdeeld in twee fasen, de proliferatie- en de expansiefase. In de proliferatiefase zijn de 
meesten bladcellen ongedifferentieerd en ondergaan herhaaldelijk mitose. Na deze fase 
stoppen cellen met het delen en beginnen te differentiëren en groeien door expansie, wat leidt 
tot volwassen bladcellen. Naast deze twee belangrijke fasen van bladontwikkeling zijn een 
aantal andere processen van belang.  Deze zijn de initiatie van het blad primordium vanaf het 
scheut apicale meristeem (SAM), de overgangsfase, waarin de bladcellen stoppen met delen 
en beginnen te expanderen, en ten slotte de bladveroudering, een fase waarin bladeren 
gecontroleerd hun activiteiten afbouwen en uiteindelijk verwelken en afsterven. Al deze fasen 
zijn onder controle van endogene en exogene signalen. In deze studie zijn  zogenaamde TCP 
(TEOSINTE-like, CYCLOIDEA, PCF1) transcriptiefactoren geanalyseerd vanwege de 
veronderstelde functie van deze regulatiefactoren in bladontwikkeling. 

Hoofdstuk 1 van dit proefschrift is een gedetailleerde inleiding over de TCP 
transcriptiefactoren en hun vermeende rol in de bladontwikkeling. Uit onderzoek is gebleken 
dat specifieke leden van deze familie zijn betrokken bij de transcriptionele controle van 
bladontwikkeling in verschillende plantensoorten, waaronder tomaat, leeuwebek en de 
modelplant Arabidopsis thaliana. Het genoom van Arabidopsis codeert voor 24 genen 
behorende tot de TCP familie, die op basis van sequentie homologie in twee klassen kunnen 
worden verdeeld, de klasse I en klasse II TCP's. Op basis van de vermoedelijke consensus 
DNA bindingsplaatsen van TCP-eiwitten van de beide klassen is gesuggereerd dat eiwitten 
van de twee klassen concurreren voor binding aan de promotors van dezelfde genen, wat leidt 
tot een antagonistische regulering van deze doelgenen. Er is in het algemeen niet veel bekend 
over functies van TCP genen, en bijna alle kennis komt uit analyses van klasse II tcp 
mutanten, waar afwijkende fenotypes zijn gekarakteriseerd in enkelvoudige en meervoudige 
knockouts. Meestal hebben tcp knockouts onopvallende of helemaal geen afwijkende 
fenotypes. Dit kan worden verklaard door een sterke functionele redundantie binnen de TCP 
transcriptiefactor familie. Het meest prominente voorbeeld is het zogenaamde JAGGED AND 
WAVY (JAW) fenotype, dat verkregen werd door het tot overexpressie brengen van 
microRNA miR319a, waardoor de expressie van vijf TCP genen tegelijkertijd gereduceerd 
wordt. 

Er zijn verschillende manieren bekend om problemen door genetische redundantie bij het 
bepalen van gen functies te omzeilen. Een manier is om knock-out lijnen voor nauw verwante 
homologen te kruisen om zodoende volledige functies uit te schakelen. In de TCP familie, 
waar sequenties relatief variabel zijn buiten het geconsenveerde en zogenaamde TCP-domein, 
is de mate van sequentiehomologie niet altijd een goede voorspeller voor functionele 
redundantie. Dit hebben wij laten zien in hoofdstuk 2, waar geanalyseerd is hoe het bepalen 
van het niveau van functionele redundantie kan worden verbeterd door naast het niveau van 
sequentiehomologie ook expressie data en andere functionele gegevens mee te nemen. Door 
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middel van deze method konden we bijvoorbeeld aantonen dat van de vier TCP's die nauw 
verwant zijn aan TCP4 de transcriptiefactor TCP10 de hoogste overlap qua sequentie, 
expressie, en eiwit-eiwit interactie capaciteiten heeft. Nader onderzoek van TCP10 doelgenen 
en vergelijking met gepubliceerde gegevens over TCP4 doelgenen bevestigt deze sterke 
overlap in functie. Vooral genen die betrokken zijn bij jasmijnzuur (JA) synthese en 
signalering zijn gemeenschappelijk doelen van deze twee transcriptiefactoren. Dit bevestigt 
tevens  het in eerdere studies gesuggereerde  belang van klasse II TCPs in de regulatie van JA 
signalering in relatie tot bladontwikkeling. Een andere manier voor de functionele analyse van 
transcriptiefactoren, die geschikt is om de genetische redundantie te omzeilen, is het 
identificeren van de doelgenen die onder directe transcriptionele controle staan van de 
transcriptiefactor. Hiervoor kunnen technieken gebruikt worden zoals chromatine 
immunoprecipitatie (ChIP) en het toepassen van glucocorticoïde inductie assays (GR) in 
combinatie met genoomwijde expressie studies via bijvoorbeeld micro-array analyses of 
mRNA sequencering. Wij hebben ChIP- en GR-assays toegepast om de functie van de klasse 
I TCP transcriptiefactor TCP20 te bepalen. Ook voor dit TCP gen geldt dat er geen 
fenotypische veranderingen kunnen worden waargenomen in tcp20 single knock-out mutanten 
(hoofdstuk 3). De analyse heeft geleid tot de identificatie van 278 mogelijke directe 
doelgenen voor TCP20, waarvan opnieuw een aanzienlijk deel JA biosynthese en response 
genen bleken te zijn. Verrassend genoeg werden genen betrokken bij de regulatie van de 
celcyclus, die geacht worden onder de controle van TCP20 te staan, niet gevonden in ons 
onderzoek. Echter, het JA biosynthese gen LIPOXYGENASE2 (LOX2), dat ook onder 
controle staat van de klasse II TCP transcriptiefactoren TCP4 en TCP10, werd wel gevonden. 
Dit gaf ons de mogelijkheid de eerder veronderstelde antagonistische controle van doelgenen 
door klasse I en klasse II TCP's te onderzoeken. We konden in deze analyse geen directe 
concurrentie tussen TCP20 en TCP4 voor binding aan hetzelfde DNA motief in het LOX2 
locus ontdekken maar wij waren wel in staat om de binding van zowel TCP4 als TCP20 aan 
LOX2 regulerende sequenties aan te tonen. Daarnaast bleek duidelijk dat TCP4 een activator 
is van LOX2 terwijl TCP20 de expressie van dit gen onderdrukt. Hiermee is de theorie ten 
dele bevestigt en dit geeft sterke aanwijzingen  dat het klasse I TCP20 eiwit en het klasse II 
TCP4 eiwit antagonistische functies hebben.  

Een andere groep van genen die bleek te zijn oververtegenwoordigd onder de TCP20 
doelgenen zijn genen die betrokken zijn in ijzer homeostase van wortels en bladeren. In 
hoofdstuk 4 beschrijven we de gedetailleerde analyse van deze interactie tussen TCP20 en  de 
subgroep Ib basic helix-loop helix transcriptiefactoren bHLH038, bHLH039, bHLH100, en 
bHLH101. Deze studie omvat een functionele analyse van deze genen, die eerder waren 
gevonden betrokken te zijn bij ijzer homeostase. Verder bleek dat de expressie van deze 
genen een specifiek piek vertoont in bladcellen tijdens het overgangsstadium van groei door 
proliferatie naar expansieve groei. De experimenten toonden aan dat deze transcriptiefactoren 
betrokken zijn bij fotomorfogenese, wat betekent dat ze ijzer homeostase kunnen reguleren 
tijdens de overstap van ongedifferentieerde delende cellen  tot gedifferentieerde bladcellen, en 
dat de remming door TCP20 kan functioneren als en middel om celdifferentiatie te 
onderdrukken tijdens de vroege ontwikkeling van het blad. Uit bovengenoemd onderzoek aan 
een aantal TCP's blijkt dat deze niet direkt zijn betrokken bij de controle van de celcyclus 
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tijdens de bladgroei. De vraag blijft dan bestaan welke transcriptiefactoren deze functie wel 
uitvoeren. In hoofdstuk 5 is een grootschalige analyse van transcriptiefactor binding aan drie 
geselecteerde cel-cyclus promotoren beschreven. In deze gist one-hybrid analyses vonden we 
zoals verwacht nauwelijks binding van cel-cyclus promotoren door  TCP's. In plaats daarvan 
hebben wij transcriptiefactoren van verschillende families geïdentificeerd, waarvan sommige 
niet eerder in verband zijn gebracht met cel-cyclus controle. Van deze families vielen vooral 
de MYB en NAC families van transcriptiefactoren op, vanwege de vele hits. Voor een groot 
deel van de geïdentificeerde transcriptiefactoren is geen functie bekend middels analyse van 
mutanten. Daarom zal het noodzakelijk zijn om hun veronderstelde betrokkenheid bij de 
controle van de cel-cyclus verder te onderzoeken in de toekomst. 

In hoofdstuk 6 worden de resultaten van de voorgaande hoofdstukken samengevat en 
geïnterpreteerd, gevolgd door aanbevelingen voor toekomstig onderzoek. In totaal 
analyseerden we functies voor twee TCP-transcriptiefactoren door de identificatie van hun 
genoomwijde doelgenen, en wij vonden voor beide dat ze betrokken zijn bij hormonale 
controle van bladontwikkeling maar ook in de controle van celwand vorming  en ijzer 
homeostase, wat het aantal cellulaire functies waarbij TCP's zijn betrokken verhoogd. 
Opvallend is dat we geen aanwijzingen konden vinden dat de cel-cyclus genen directe 
doelwitten zijn van deze TCP transcriptiefactoren zijn, ondanks de groei-effecten die ontdekt 
werden in bepaalde tcp mutanten. Het feit dat bij deze tcp mutanten, waaronder de JAW 
mutant waarin TCP10 expressie is gereduceerd, uiteindelijk de celproliferatie wel wordt 
beïnvloed leidt tot de algemene veronderstelling dat TCP genen indirect de celcyclus 
controleren via hun downstream doelgenen. In het bijzonder zijn de hormonen die onder hun 
controle staan sterke kandidaten voor deze bemiddelaar functie van TCP controle over de 
celcyclus. Voor  jasmijnzuur en andere hormonen is namelijk eerder al aangetoond dat ze 
betrokken zijn bij zowel de cel-cyclus controle als de regulatie van bladontwikkeling in 
verschillende ontwikkelingsstadia. We concluderen daarom dat leden van de TCP 
transcriptiefactor familie niet de sleutel regulatiefactoren zijn van groei maar als co-factoren 
of bemiddelaars in dit belangrijke biologisch proces dienen. 
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Zusammenfassung 

 

Da das Blatt das Hauptorgan der pflanzlichen Photosynthese ist, unterliegt die Entwicklung 
dieses Organs einer strengen Kontrolle. Blattentwicklung wird generell in zwei Phasen 
unterteilt: die Zellteilungs- und Zellexpansionsphasen. Die Blattzellen der Zellteilungsphase 
sind undifferenziert und vermehren sich in mehreren mitotischen Teilungen. Sobald diese 
Zellen die Zellteilungen beenden, differenzieren sie zu reifen Blattzellen. Während ihrer 
Differenzierung expandieren Blattzellen und wachsen auf das Mehrfache ihrer ursprünglichen 
Volumina heran. Neben diesen zwei Hauptstadien der Blattentwicklung existieren weitere 
wichtige Zwischenstadien. Diese sind die Phasen der Blattinitiierung, der Übergansphase, in 
der die  Blattzellen die Zellteilungsphase beenden und in die Expansionsphase eintreten, und 
die Phase der Blattalterung (Seneszenz), in der Blätter und ihre Zellen einem kontrollierten 
Alterungs- und Sterbeprozess unterworfen werden. All diese Phasen sind unter der Kontrolle 
endogener und äußerer Faktoren. In dieser Studie untersuchten wir eine spezifische Klasse 
von Genen, die dafür bekannt sind, Blattentwicklung zu regulieren: die TCP (TEOSINTE-like 
1, CYCLOIDEA, PCF1) Transkriptionsfaktoren.  

In Kapitel 1 werden TCP Transkriptionsfaktoren und deren Rolle in der Blattentwicklung 
detailliert vorgestellt. Einigen Mitgliedern dieser Genfamilie wurde schon nachgewiesen, dass 
sie die Blattentwicklung in verschiedenen Pflanzenarten regulieren, wie z.B. in Tomaten, im 
Löwenmäulchen und in der Modellpflanze Arabidopsis thaliana. Das Arabidopsis Genom 
umfasst 24 verschiedene TCP-Gene, die entsprechend ihrer Sequenzen in die Klassen I und II 
unterteilt werden. Da die putativen Bindestellen der Transkriptionsfaktoren beider Klassen 
einander ähneln, wurde die Theorie aufgestellt, das Transkriptionsfaktoren beider Klassen um 
Bindestellen gemeinsamer Zielgene konkurrieren, und das sie diese gemeinsamen Zielgene 
antagonistisch regulieren.  

Über die Funktionen von TCPs ist wenig bekannt, und beinahe alles, was bekannt ist, stammt 
von Untersuchungen an Klasse II TCP Mutanten, die als Einzel- oder Mehrfachmutanten 
abweichende Phänotypen zeigen. Die meisten TCP Einzelmutanten haben keine oder nur sehr 
unauffällige phänotypische Abweichungen. Dies wird dadurch erklärt, dass die TCP-Familie 
starke funktionelle Redundanz zwischen ihren einzelnen Mitgliedern aufweist. Das 
bekannteste Beispiel redundanter Funktionen von TCPs ist der JAGGED AND WAVY 
(JAW) Phänotyp, bei dem fünf TCP-Transkriptionsfaktoren, die unter der Kontrolle der 
Mikro-RNA miR319a sind, durch Überexpression der Mikro-RNA herunterreguliert werden. 
Erst der sogenannte „knockdown“ dieser fünf Gene führt zu einem deutlich abweichenden 
Pflanzenwachstum. Zu den bekanntesten Strategien, genetische Redundanz als Hindernis bei 
funktionellen Analysen von Genen zu umgehen, gehört das Kreuzen von Mutanten 
interessanter Gene mit Mutanten nahe verwandter Gene, und somit das Ausschalten ganzer 
Gengruppen und ihrer Funktionen. Diese Strategie stößt in solchen Genfamilien auf ihre 
Grenzen, bei denen die Sequenzen außerhalb einer gemeinsamen Domäne hohe Variabilität 
aufweisen, wie das bei der TCP-Familie der Fall ist. In Kapitel 2 zeigen wir. dass in solchen 
Fällen Sequenzhomologie nicht immer der beste Hinweis auf funktionell redundante Gene ist. 
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Stattdessen helfen Expressionsdaten und weitere funktionelle Informationen, diejenigen 
homologen Gene zu bestimmen, die funktionelle Redundanz aufweisen. Beispielsweise 
zeigen wir, dass von den vier TCPs, die verwandt sind mit dem Transkriptionsfaktor TCP4, 
TCP10 die grösste Übereinstimmung in  Sequenz, Expressionsmuster und Protein-Protein-
Interaktionen aufweist. Weitere Analysen zeigen, dass TCP10 und TCP4 gemeinsame 
Zielgene im Jasmonsäuremetabolismus haben. Dementsprechend konnten wir zeigen, dass die 
beiden Transkriptionsfaktoren überlappende Funktionen ausführen und dass frühere Studien 
über die Rolle von Jasmonsäure in der Vermittlung von Klasse II TCP Kontrolle in der 
Blattentwicklung korrekt sind. 

Eine andere Methode, die in der funktionellen Analyse von Transkriptionsfaktorfamilien 
angewandt werden kann, um genetische Redundanz als Hindernis bei der Bestimmung von 
genetischen Funktionen zu umgehen, ist die direkte Bestimmung von Zielgenen eines 
Transkriptionsfaktors. Hierfür kann man Methoden wie z.B. Chromatinimmunprezipitation 
(ChIP) oder die Verwendung von Glucocorticoid-Induktionsassays (GR) in Verbindung mit 
Microarray- oder Sequenzierungstechnologien (RNASeq) verwenden. Wir nutzten GR-
Assays zur Bestimmung der Funktionen des Klasse I TCP Transkriptionsfaktors TCP20, 
nachdem Mutanten für diese Transkriptionsfaktor keine phänotypischen Veränderungen 
gezeigt hatten (Kapitel 3). In dieser Studie identifizierten wir 278 potentielle Zielgene für 
TCP20, unter diesen signifikant viele Gene des Jasmonsäuremetabolismus. 
Überraschenderweise waren Gene des Zellzyklus, von denen ursprünglich angenommen 
wurde, dass sie unter der Kontrolle von TCP20 sind, nicht in unserer Analyse vertreten. 
Allerdings war das Gen der LIPOXYGENASE2 (LOX2) vertreten, ein Gen der 
Jasmonsaüresynthese, dass auch schon als Zielgen der Klasse II TCP Transkriptionsfaktoren 
TCP4 und TCP10 bekannt war. Dies ermöglichte uns zu untersuchen, ob die Theorie der 
antagonistischen Kontrolle von gemeinsamen Zielgenen durch Klasse I und Klasse II TCP 
Transkriptionsfaktoren einer biologischen Realität entspricht. Wir konnten keine direkte 
Konkurrenz um dieselben Bindestellen zwischen den beiden Transkriptionsfaktoren TCP4 
und TCP20 feststellen, aber konnten die Theorie teilweise verifizieren, da sowohl TCP4 als 
auch TCP20 verschiedene regulatorische Domänen des LOX2 Promotors binden und die 
Expression des Zielgens in verschiedene Richtungen beeinflussen.  

Eine andere Gruppe von Zielgenen, die unter der Kontrolle von TCP20 stehen, sind Gene die 
dem Eisentransport und der Eisenhomöostase in Wurzeln und Blättern von Pflanzen dienen. 
In Kapitel 4 beschreiben wir die Subfamilie der Ib basic helix-loop-helix (bHLH) 
Transkriptionsfaktoren bHLH038, bHLH039, bHLH100 und bHLH101, die zu den Zielgenen 
von TCP20 gehören. Diese Studie umfasst eine funktionelle Analyse dieser Gene, die zuvor 
als Gene der Eisenhomöostase identifiziert wurden, und vor allem dann stärker exprimiert 
wurden, wenn das sich wachsende Blatt ins Übergangsstadium zwischen Zellteilung- und 
Zellexpansionsphasen eintrat. Wir konnten experimentell nachweisen, dass diese 
Transkriptionsfaktoren eine Rolle in der Photomorphogenese spielen. Daraus entwickelte sich 
unsere Annahme, dass die Subfamilie der Ib bHLH Transkriptionsfaktoren eine wichtige 
Rolle in der Eisenhomöostase während der Photomorphogenese einnehmen, und dass die 
Repression dieser Gene durch TCP20 eine Kontrollmaßnahme früher Blattentwicklung 
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darstellt, die eine verfrühte Aufnahme von Eisen in der laufenden Zellteilungsphase 
unterbinden soll. 

Da TCP Transkriptionsfaktoren nicht die erwartete Rolle in der Kontrolle des Zellzyklus 
während des Blattwachstums spielen, stellte sich die Frage, welche anderen 
Transkriptionsfaktoren diese Rolle erfüllen. Um dieser Frage nachzugehen, vollzogen wir 
eine umfassende Yeast-1-Hybrid Studie, in der wir die Bindekapazitäten von 
Transkriptionsfaktoren einer Transkriptionsfaktor-Sammlung an Promotoren dreier 
Zellzyklusgene untersuchten (Kapitel 5). In dieser Analyse konnten wir kaum TCP 
Transkriptionsfaktoren detektieren, die die Promotoren binden, was unserer Theorie 
entspricht, dass TCPs keine oder nur geringe direkte Kontrolle über Zellzyklusgene ausüben. 
Stattdessen waren Transkriptionsfaktoren verschiedener Familien in der Lage, diese 
Promotoren zu binden. Vor allem MYB und NAC Transkriptionsfaktoren waren 
überrepräsentiert in der resultierenden Transkriptionsfaktorliste, die mehrere 
Transkriptionsfaktoren umfasste, die zuvor keine bekannte Funktion in der 
Zellzykluskontrolle erfüllten. Da die Mehrheit der entdeckten Transkriptionfaktoren noch 
nicht funktionell charakterisiert sind, wird es eine Aufgabe zukünftiger Studien sein, diese 
Funktionen in Mutanten- und Zielgenanalysen zu bestimmen. 

In Kapitel 6 werden die Ergebnisse der vorherigen Kapitel zusammengefasst und interpretiert. 
Insgesamt analysierten wir die Funktionen zweier TCP Transkriptionsfaktoren mittels 
umfassender Zielgenanalysen und wir entdeckten, dass beide Transkriptionsfaktoren in der 
hormonellen Kontrolle der Blattentwicklung involviert sind, dass sie aber auch Kontrolle über 
andere biologische Prozesse ausüben, wie z.B. in der Kontrolle der 
Zellwandzusammensetzung oder in der Eisenhomöostase. Interessanterweise konnten wir 
kaum direkte Verbindungen zwischen TCPs und dem Zellzyklus feststellen, obwohl die 
Phänotypen, die im Beginn der TCP-Forschung entdeckt wurden, zu einer entsprechenden 
Annahme geführt hatten. Da Einzel- und Mehrfach-TCP-Mutanten den Zellzyklus 
beeinflussen, Zellzyklusgene aber keine direkten Zielgene von TCP Transkriptionsfaktoren zu 
sein scheinen, gehen wir davon aus, dass der Zellzyklus indirekt von TCPs kontrolliert wird. 
Vor allem Hormone scheinen die Mittlerrolle zwischen TCPs und dem Zellzyklus einnehmen 
zu können, da TCPs viele Hormone in Synthese und Metabolismus beeinflussen, und da 
mehrere Hormone Einfluss auf den Zellzyklus ausüben können. Letztlich beenden wir das 
Kapitel 6 und diese Arbeit mit der Annahme, dass die ubiquitär exprimierten TCP 
Transkriptionsfaktoren nicht die Hauptrolle in der Kontrolle von Wachstum spielen, dass sie 
aber wichtige Nebenprozesse, wie Hormone, Zellwandzusammensetzung und 
Eisenhomöostase, kontrollieren. 



 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix I 

 

Genome-wide target gene list of TCP10 
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Target genes of TCP10 as determined in microarray analyses 

Genes found to be differentially regulated between TCP10m-GR and jaw-D plants after two and four 

hours of induction. First two columns depict at which time point transcript was significantly different 

between two lines. Third column depicts AGI, fourth depicts gene description as given by TAIR10.        

t2 t4 AGI gene name 

 x AT1G02360 Chitinase family protein 

x  AT1G02610 RING/FYVE/PHD zinc finger superfamily protein 

x  AT1G03090 MCCA is the biotinylated subunit of the dimer MCCase, which 

is involved in leucine degradation. Both subunits are nuclear 

coded and the active enzyme is located in the mitochondrion.  

protein_coding   (MCCA)  (MCCA) 

 x AT1G06135 unknown protein 

 x AT1G06137 unknown protein 

 x AT1G07160 Protein phosphatase 2C family protein 

x  AT1G07900 LOB domain-containing protein 1 (LBD1) 

x x AT1G08830 Encodes a cytosolic copper/zinc superoxide dismutase CSD1 

that can detoxify superoxide radicals.  Its expression is 

affected by miR398-directed mRNA cleavage. Regulated by 

biotic and abiotic stress.  protein_coding  COPPER/ZINC 

SUPEROXIDE DISMUTASE 1 (CSD1)       COPPER/ZINC 

SUPEROXIDE DISMUTASE 1 (CSD1) 

x  AT1G10140 Uncharacterised conserved protein UCP031279 

 x AT1G10550 Encodes a membrane-localized protein that is predicted to 

function during cell wall modification.Overexpression of 

XTH33 results in abnormal cell morphology. It's expression is 

under epigenetic control by ATX1.      protein_coding  

XYLOGLUCAN:XYLOGLUCOSYL TRANSFERASE 33 (XTH33)  

XYLOGLUCAN:XYLOGLUCOSYL TRANSFERASE 33 (XTH33) 

x  AT1G11260 Encodes a H+/hexose cotransporter.      protein_coding  

SUGAR TRANSPORTER 1 (STP1)      SUGAR TRANSPORTER 1 

(STP1) 

 x AT1G12520 Copper-zinc superoxide dismutase copper chaperone (delivers 

copper to the Cu-Zn superoxide dismutase). Localized to the 

chloroplast. Expressed in roots and shoots. Up-regulated in 

response to copper and senescence. The AtACC activates all 

three CuZnSOD activities located in three different subcellular 

compartments.  Contains three domains, central, ATX-1 like 

and C-terminal. ATX-1 like domain essential for the copper 

chaperone function of AtCCS in planta.     protein_coding  

COPPER CHAPERONE FOR SOD1 (CCS) COPPER CHAPERONE 

FOR SOD1 (ATCCS) 

 x AT1G13470 Protein of unknown function (DUF1262) 

 x AT1G13520 Protein of unknown function (DUF1262) 

 x AT1G14540 Peroxidase superfamily protein 
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 x AT1G14550 Peroxidase superfamily protein 

 x AT1G14730 Cytochrome b561/ferric reductase transmembrane protein 

family 

x  AT1G15125 S-adenosyl-L-methionine-dependent methyltransferases 

superfamily protein 

x  AT1G15380 Lactoylglutathione lyase / glyoxalase I family protein 

x  AT1G17710 Pyridoxal phosphate phosphatase-related protein 

x  AT1G18330 EARLY-PHYTOCHROME-RESPONSIVE1   protein_coding  EARLY-

PHYTOCHROME-RESPONSIVE1 (EPR1)    EARLY-

PHYTOCHROME-RESPONSIVE1 (EPR1) 

x  AT1G19050 Encodes a member of the Arabidopsis response regulator 

(ARR) family, most closely related to ARR15. A two-

component response regulator protein containing a 

phosphate accepting domain in the receiver domain but 

lacking a DNA binding domain in the output domain. Involved 

in response to cytokinin and meristem stem cell maintenance. 

Arr7 protein is stabilized by cytokinin.     protein_coding  

RESPONSE REGULATOR 7 (ARR7)     RESPONSE REGULATOR 7 

(ARR7) 

 x AT1G19210 encodes a member of the DREB subfamily A-5 of ERF/AP2 

transcription factor family. The protein contains one AP2 

domain. There are 15 members in this subfamily including 

RAP2.1, RAP2.9 and RAP2.10.    protein_coding 

x x AT1G19670 Chlorophyllase is the first enzyme involved in chlorophyll 

degradation. It catalyzes the hydrolysis of the ester bond to 

yield chlorophyllide and phytol. AtCLH1 lacks a typical signal 

sequence for the chloroplast.  Its expression is induced rapidly 

by methyljasmonate, a known promoter of senescence and 

chlorophyll degradation.        protein_coding  

CHLOROPHYLLASE 1 (CLH1) CHLOROPHYLLASE 1 (ATCLH1) 

x  AT1G19960 BEST Arabidopsis thaliana protein match is: transmembrane 

receptors (TAIR:AT2G32140.1) 

 x AT1G20470 SAUR-like auxin-responsive protein family  

 x AT1G21910 encodes a member of the DREB subfamily A-5 of ERF/AP2 

transcription factor family. The protein contains one AP2 

domain. There are 15 members in this subfamily including 

RAP2.1, RAP2.9 and RAP2.10.    protein_coding  

DEHYDRATION RESPONSE ELEMENT-BINDING PROTEIN 26 

(DREB26)        DEHYDRATION RESPONSE ELEMENT-BINDING 

PROTEIN 26 (DREB26) 

 x AT1G22470 unknown protein 
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x  AT1G22500 Gene encodes a putative C3HC4-type RING zinc finger factor. 

it is induced in response to light and ascorbate stimulus.  

protein_coding  ARABIDOPSIS TOXICOS EN LEVADURA 15 

(ATL15)      ARABIDOPSIS TOXICOS EN LEVADURA 15 (ATL15) 

x  AT1G23390 Kelch repeat-containing F-box family protein 

x  AT1G25400 unknown protein 

x  AT1G28330 dormancy-associated protein (DRM1)      protein_coding  

DORMANCY-ASSOCIATED PROTEIN-LIKE 1 (DYL1)       

DORMANCY-ASSOCIATED PROTEIN-LIKE 1 (DYL1) 

 x AT1G29500 SAUR-like auxin-responsive protein family  

x  AT1G32540 Encodes a protein with 3 plant-specific zinc finger domains 

that acts as a positive regulator of cell death.    protein_coding  

LSD ONE LIKE 1 (LOL1)   LSD ONE LIKE 1 (LOL1) 

 x AT1G33760 encodes a member of the DREB subfamily A-4 of ERF/AP2 

transcription factor family. The protein contains one AP2 

domain. There are 17 members in this subfamily including 

TINY.  protein_coding 

 x AT1G35140 Encodes PHI1/EXL1       protein_coding  PHOSPHATE-INDUCED 

1 (PHI-1)     PHOSPHATE-INDUCED 1 (PHI-1) 

x  AT1G35612 pseudogene of Ulp1 protease family protein      

transposable_element_gene 

 x AT1G36640 unknown protein 

 x AT1G41855 transposable element gene 

x  AT1G43160 encodes a member of the ERF (ethylene response factor) 

subfamily B-4 of ERF/AP2 transcription factor family (RAP2.6). 

The protein contains one AP2 domain. There are 7 members 

in this subfamily.       protein_coding  RELATED TO AP2 6 

(RAP2.6)       RELATED TO AP2 6 (RAP2.6) 

x  AT1G44350 encodes a protein similar to IAA amino acid conjugate 

hydrolase.        protein_coding  IAA-LEUCINE RESISTANT (ILR)-

LIKE GENE 6 (ILL6)  IAA-LEUCINE RESISTANT (ILR)-LIKE GENE 6 

(ILL6) 

x  AT1G44830 encodes a member of the DREB subfamily A-5 of ERF/AP2 

transcription factor family. The protein contains one AP2 

domain. There are 15 members in this subfamily including 

RAP2.1, RAP2.9 and RAP2.10.    protein_coding 

x  AT1G47395 unknown protein 

x  AT1G49230 RING/U-box superfamily protein 

 x AT1G51620 Protein kinase superfamily protein 

 x AT1G51913 LOCATED IN: endomembrane system 

 x AT1G51915 cryptdin protein-related 
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  AT1G52400 encodes a member of glycosyl hydrolase family 1, located in 

inducible ER bodies which were formed after wounding, 

required in inducible ER body formation       protein_coding  

BETA GLUCOSIDASE 18 (BGLU18)    BETA-GLUCOSIDASE 

HOMOLOG 1 (BGL1) 

x  AT1G54020 GDSL-like Lipase/Acylhydrolase superfamily protein 

 x AT1G55790 FUNCTIONS IN: metal ion binding 

 x AT1G58225 unknown protein 

x x AT1G58420 Uncharacterised conserved protein UCP031279 

x  AT1G62610 NAD(P)-binding Rossmann-fold superfamily protein 

x  AT1G64220 translocase of outer membrane 7 kDa subunit 2 (TOM7-2) 

 x AT1G65484 unknown protein 

 x AT1G65510 unknown protein 

 x AT1G66400 Encodes a calmodulin-like protein.  Regulates nitric oxide 

levels and transition to flowering.  protein_coding  

CALMODULIN LIKE 23 (CML23)      CALMODULIN LIKE 23 

(CML23) 

 x AT1G67860 unknown protein 

x x AT1G67865 unknown protein 

  AT1G68360 C2H2 and C2HC zinc fingers superfamily protein 

x x AT1G68450 VQ motif-containing protein 

  AT1G70290 Encodes an enzyme putatively involved in trehalose 

biosynthesis. Though the protein has both trehalose-6-

phosphate synthase (TPS)-like and trehalose-6-phosphate 

phosphatase (TPP)-like domains, neither activity has been 

detected in enzymatic assays nor has the protein been able to 

complement yeast TPS or TPP mutants.   protein_coding  

TREHALOSE-6-PHOSPHATASE SYNTHASE S8 (TPS8)       

(ATTPS8) 

x x AT1G70420 Protein of unknown function (DUF1645) 

x  AT1G71030 Encodes a putative myb family transcription factor.  In 

contrast to most other myb-like proteins its myb domain 

consists of a single repeat.  A proline-rich region potentially 

involved in transactivation is found in the C-terminal part of 

the protein.   Its transcript accumulates mainly in leaves.      

protein_coding  MYB-LIKE 2 (MYBL2)      ARABIDOPSIS MYB-

LIKE 2 (ATMYBL2) 

x  AT1G72240 unknown protein 

x  AT1G73325 Kunitz family trypsin and protease inhibitor protein 

 x AT1G74670 Gibberellin-regulated family protein 
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 x AT1G74710 Encodes a protein with isochorismate synthase activity. 

Mutants fail to accumulate salicylic acid.  Its function may be 

redundant with that of ICS2 (AT1G18870).        protein_coding  

ENHANCED DISEASE SUSCEPTIBILITY TO ERYSIPHE ORONTII 16 

(EDS16)  ENHANCED DISEASE SUSCEPTIBILITY TO ERYSIPHE 

ORONTII 16 (EDS16) 

x  AT1G74890 Encodes a nuclear response regulator that acts as a negative 

regulator in cytokinin-mediated signal transduction. 

Transcript accumulates in leaves and roots in response to 

cytokinin treatment.        protein_coding  RESPONSE 

REGULATOR 15 (ARR15)   RESPONSE REGULATOR 15 (ARR15) 

x  AT1G76590 PLATZ transcription factor family protein 

x  AT1G77210 AtSTP14 belongs to the family of sugar transport proteins 

(AtSTPs)in volved in monosaccharide transport. Heterologous 

expression in yeast revealed that AtSTP14 is the transporter 

specifc for galactose and does not transport other 

monosaccharides such as glucose or fructose.      

protein_coding  SUGAR TRANSPORT PROTEIN 14 (STP14)      

SUGAR TRANSPORT PROTEIN 14 (STP14) 

 x AT1G77640 encodes a member of the DREB subfamily A-5 of ERF/AP2 

transcription factor family. The protein contains one AP2 

domain. There are 15 members in this subfamily including 

RAP2.1, RAP2.9 and RAP2.10.    protein_coding 

x  AT1G78450 SOUL heme-binding family protein 

x  AT1G78830 Curculin-like (mannose-binding) lectin family protein 

x  AT1G79110 Encodes one of the BRGs (BOI-related gene) involved in 

resistance to Botrytis cinerea.  protein_coding  BOI-RELATED 

GENE 2 (BRG2)       BOI-RELATED GENE 2 (BRG2) 

x  AT1G79700 Integrase-type DNA-binding superfamily protein 

x  AT1G80440 Galactose oxidase/kelch repeat superfamily protein 

x  AT1G80920 A nuclear encoded soluble protein found in the chloroplast 

stroma.      protein_coding   (J8)    (J8) 

x  AT2G02710 Encodes a putative blue light receptor protein. protein_coding  

PAS/LOV PROTEIN B (PLPB)        PAS/LOV PROTEIN (PLP) 

x  AT2G03090 member of Alpha-Expansin Gene Family. Naming convention 

from the Expansin Working Group (Kende et al, 2004. Plant 

Mol Bio).  Involved in the formation of nematode-induced 

syncytia in roots of Arabidopsis thaliana.   protein_coding  

EXPANSIN A15 (EXPA15)   EXPANSIN A15 (ATEXPA15) 

x  AT2G05440 GLYCINE RICH PROTEIN 9 (GRP9) 

x  AT2G15890 maternal effect embryo arrest 14 (MEE14) 

x  AT2G17880 Chaperone DnaJ-domain superfamily protein 
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  AT2G18660 Encodes PNP-A (Plant Natriuretic Peptide A). PNPs are a class 

of systemically mobile molecules distantly related to 

expansins 

x x AT2G18700 Encodes an enzyme putatively involved in trehalose 

biosynthesis.  The protein has a trehalose synthase (TPS)-like 

domain that may or may not be active as well as a trehalose 

phosphatase (TPP)-like domain.    protein_coding  TREHALOSE 

PHOSPHATASE/SYNTHASE 11 (TPS11)       TREHALOSE 

PHOSPHATASE/SYNTHASE 11 (ATTPS11) 

x  AT2G20670 Protein of unknown function (DUF506)  

x  AT2G20723 snoRNA 

x  AT2G21640 Encodes a protein of unknown function that is a marker for 

oxidative stress response.   protein_coding 

 x AT2G22470 Encodes arabinogalactan-protein (AGP2). protein_coding  

ARABINOGALACTAN PROTEIN 2 (AGP2)        

ARABINOGALACTAN PROTEIN 2 (AGP2) 

x  AT2G24550 unknown protein 

x  AT2G24850 Encodes a tyrosine aminotransferase that is responsive to 

treatment with jasmonic acid. protein_coding  TYROSINE 

AMINOTRANSFERASE 3 (TAT3)      TYROSINE 

AMINOTRANSFERASE 3 (TAT3) 

x  AT2G25200 Plant protein of unknown function (DUF868) 

x  AT2G25900 putative Cys3His zinc finger protein (ATCTH) mRNA, complete     

protein_coding   (ATCTH)         (ATCTH) 

 x AT2G27080 Late embryogenesis abundant (LEA) hydroxyproline-rich 

glycoprotein family 

 x AT2G27389 unknown protein 

x  AT2G27830 unknown protein 

x x AT2G28190 Encodes a chloroplastic copper/zinc superoxide dismutase 

CSD2 that can detoxify superoxide radicals. Its expression is 

affected by miR398-directed mRNA cleavage.       

protein_coding  COPPER/ZINC SUPEROXIDE DISMUTASE 2 

(CSD2)       COPPER/ZINC SUPEROXIDE DISMUTASE 2 (CSD2) 

x  AT2G28630 Encodes KCS12, a member of the 3-ketoacyl-CoA synthase 

family involved in the biosynthesis of VLCFA (very long chain 

fatty acids).      protein_coding  3-KETOACYL-COA SYNTHASE 

12 (KCS12)      3-KETOACYL-COA SYNTHASE 12 (KCS12) 

x  AT2G30600 BTB/POZ domain-containing protein 

x  AT2G30766 unknown protein 

x  AT2G31945 unknown protein 

 x AT2G32190 unknown protein 

x  AT2G33830 Dormancy/auxin associated family protein 

x  AT2G34600 jasmonate-zim-domain protein 7 (JAZ7) 
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 x AT2G34810 FAD-binding Berberine family protein 

 x AT2G35658 unknown protein 

 x AT2G36440 unknown protein 

 x AT2G36690 2-oxoglutarate (2OG) and Fe(II)-dependent oxygenase 

superfamily protein 

x  AT2G37770 Encodes an NADPH-dependent aldo-keto reductase that can 

act on a wide variety of substrates in vitro including saturated 

and unsaturated aldehydes, steroids, and sugars. GFP-tagged 

AKR4C9 localizes to the chloroplast where it may play a role in 

detoxifying reactive carbonyl compounds that threaten to 

impair the photosynthetic process. Transcript levels for this 

gene are up-regulated in response to cold, salt, and drought 

stress.        protein_coding  CHLOROPLASTIC ALDO-KETO 

REDUCTASE (ChlAKR)      CHLOROPLASTIC ALDO-KETO 

REDUCTASE (ChlAKR) 

x  AT2G37950 RING/FYVE/PHD zinc finger superfamily protein 

x  AT2G38240 2-oxoglutarate (2OG) and Fe(II)-dependent oxygenase 

superfamily protein 

x  AT2G39330 jacalin-related lectin 23 (JAL23) 

 x AT2G39518 Uncharacterised protein family (UPF0497) 

 x AT2G39530 Uncharacterised protein family (UPF0497) 

x  AT2G39570 ACT domain-containing protein 

 x AT2G40740 member of WRKY Transcription Factor 

 x AT2G41800 FUNCTIONS IN: molecular_function unknown 

x  AT2G41940 Encodes a zinc finger protein containing only a single zinc 

finger.     protein_coding  ZINC FINGER PROTEIN 8 (ZFP8)    

ZINC FINGER PROTEIN 8 (ZFP8) 

 x AT2G42060 Cysteine/Histidine-rich C1 domain family protein 

x x AT2G43290 Encodes calmodulin-like MSS3.   protein_coding  MULTICOPY 

SUPPRESSORS OF SNF4 DEFICIENCY IN YEAST 3 (MSS3)      

MULTICOPY SUPPRESSORS OF SNF4 DEFICIENCY IN YEAST 3 

(MSS3) 

x  AT2G43530 Encodes a defensin-like (DEFL) family protein.  protein_coding 

x  AT2G43550 Encodes a defensin-like (DEFL) family protein.  protein_coding 

x  AT2G44130 Galactose oxidase/kelch repeat superfamily protein 

 x AT2G44370 Cysteine/Histidine-rich C1 domain family protein 

x  AT2G44940 encodes a member of the DREB subfamily A-4 of ERF/AP2 

transcription factor family. The protein contains one AP2 

domain. There are 17 members in this subfamily including 

TINY.  protein_coding 

x  AT2G45080 cyclin p3 
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x  AT2G45170 Involved in autophagy. Under nutrient starvation the protein 

localizes to autophagosomes.       protein_coding  

AUTOPHAGY 8E (ATG8E)    AUTOPHAGY 8E (ATATG8E) 

 x AT2G46410 Nuclear-localized R3-type MYB transcription factor. Positive 

regulator of hair-cell differentiation. Preferentially transcribed 

in hairless cells. Moves from atrichoblasts into trichoblast via 

plasmodesmata in a tissue-specific mode. N-terminus and 

part of the Myb domain are required for this movement, with 

W76 playing a crucial role. Capability to increase the size-

exclusion limit of plasmodesmata. Regulated by WEREWOLF.       

protein_coding  CAPRICE (CPC)   CAPRICE (CPC) 

x x AT2G47180 GolS1 is a galactinol synthase that catalyzes the formation of 

galactinol from UDP-galactose and myo-inositol. GolS1 

transcript levels rise in response to methyl viologen, an 

oxidative damage-inducing agent. Plants over-expressing 

GolS1 have increased tolerance to salt, chilling, and high-light 

stress. protein_coding  GALACTINOL SYNTHASE 1 (GolS1)   

GALACTINOL SYNTHASE 1 (AtGolS1) 

x  AT3G02040 senescence-related gene 3 (SRG3) 

x  AT3G04720 Encodes a protein similar to the antifungal chitin-binding 

protein hevein from rubber tree latex. mRNA levels increase 

in response to ethylene and turnip crinkle virus infection.      

protein_coding  PATHOGENESIS-RELATED 4 (PR4)    

PATHOGENESIS-RELATED 4 (PR4) 

x  AT3G07350 Protein of unknown function (DUF506)  

x  AT3G10020 unknown protein 

 x AT3G12580 heat shock protein 70 (HSP70) 

 x AT3G13432 unknown protein 

 x AT3G13433 unknown protein 

x  AT3G13450 branched chain alpha-keto acid dehydrogenase E1 beta    

protein_coding  DARK INDUCIBLE 4 (DIN4) DARK INDUCIBLE 4 

(DIN4) 

 x AT3G13610 2-oxoglutarate (2OG) and Fe(II)-dependent oxygenase 

superfamily protein 

 x AT3G14225 Contains lipase signature motif and GDSL domain.        

protein_coding  GDSL-MOTIF LIPASE 4 (GLIP4)     GDSL-MOTIF 

LIPASE 4 (GLIP4) 

x  AT3G15356 Legume lectin family protein 

x  AT3G15450 Aluminium induced protein with YGL and LRDR motifs 
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x  AT3G15500 Encodes an ATAF-like NAC-domain transcription factor that 

doesn't contain C-terminal sequences shared by CUC1, CUC2 

and NAM. Note: this protein (AtNAC3) is not to be confused 

with the protein encoded by locus AT3G29035, which, on 

occasion, has also been referred to as AtNAC3.    

protein_coding  NAC DOMAIN CONTAINING PROTEIN 3 

(NAC3)  NAC DOMAIN CONTAINING PROTEIN 3 (ATNAC3) 

x  AT3G15630 unknown protein 

x  AT3G15760 unknown protein 

x  AT3G16870 Encodes a member of the GATA factor family of zinc finger 

transcription factors.        protein_coding  GATA 

TRANSCRIPTION FACTOR 17 (GATA17)   GATA TRANSCRIPTION 

FACTOR 17 (GATA17) 

 x AT3G21520 DUF679 domain membrane protein 1 (DMP1) 

x  AT3G22231 Encodes a member of a novel 6 member Arabidopsis gene 

family.  Expression of PCC1 is regulated by the circadian clock 

and is upregulated in response to both virulent and avirulent 

strains of Pseudomonas syringae pv. tomato. protein_coding  

PATHOGEN AND CIRCADIAN CONTROLLED 1 (PCC1)      

PATHOGEN AND CIRCADIAN CONTROLLED 1 (PCC1) 

x x AT3G22840 Encodes an early light-inducible protein.       protein_coding  

EARLY LIGHT-INDUCABLE PROTEIN (ELIP1)   EARLY LIGHT-

INDUCABLE PROTEIN (ELIP1) 

x  AT3G23550 MATE efflux family protein 

x  AT3G26200 putative cytochrome P450        protein_coding  

"CYTOCHROME P450, FAMILY 71, SUBFAMILY B, POLYPEPTIDE 

22" (CYP71B22)    "CYTOCHROME P450, FAMILY 71, 

SUBFAMILY B, POLYPEPTIDE 22" (CYP71B22) 

 x AT3G28210 Encodes a putative zinc finger protein (PMZ).   protein_coding   

(PMZ)   (PMZ) 

x  AT3G29670 HXXXD-type acyl-transferase family protein 

x  AT3G30775 Encodes a proline oxidase that is predicted to localize to the 

inner mitochondrial membrane, its mRNA expression induced 

by high levels of Al and by osmotic stress.  The promoter 

contains an L-proline-inducible element.     protein_coding  

EARLY RESPONSIVE TO DEHYDRATION 5 (ERD5)        EARLY 

RESPONSIVE TO DEHYDRATION 5 (ERD5) 

x  AT3G44860 Encodes a farnesoic acid carboxyl-O-methyltransferase.  

protein_coding  FARNESOIC ACID CARBOXYL-O-

METHYLTRANSFERASE (FAMT)      FARNESOIC ACID CARBOXYL-

O-METHYLTRANSFERASE (FAMT) 

x  AT3G44970 Cytochrome P450 superfamily protein 
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x x AT3G45140 Chloroplast lipoxygenase required for wound-induced 

jasmonic acid accumulation in Arabidopsis.Mutants are 

resistant to Staphylococcus aureus and accumulate salicylic 

acid upon infection.      protein_coding  LIPOXYGENASE 2 

(LOX2)   LIPOXYGENASE 2 (LOX2) 

x x AT3G45960 member of EXPANSIN-LIKE. Naming convention from the 

Expansin Working Group (Kende et al, 2004. Plant Mol Bio)   

protein_coding  EXPANSIN-LIKE A3 (EXLA3)        EXPANSIN-LIKE 

A3 (ATEXLA3) 

 x AT3G45970 member of EXPANSIN-LIKE. Naming convention from the 

Expansin Working Group (Kende et al, 2004. Plant Mol Bio)   

protein_coding  EXPANSIN-LIKE A1 (EXLA1)        EXPANSIN-LIKE 

A1 (ATEXLA1) 

 x AT3G46080 C2H2-type zinc finger family protein 

 x AT3G46090 ZAT7 

x  AT3G47340 encodes a glutamine-dependent asparagine synthetase, the 

predicted ASN1 peptide contains a purF-type glutamine-

binding domain, and  is expressed predominantly in shoot 

tissues, where light has a negative effect on its mRNA 

accumulation. Expression is induced within 3 hours of dark 

treatment, in senescing leaves and treatment with exogenous 

photosynthesis inhibitor. Induction of gene expression was 

suppressed in excised leaves supplied with sugar. The authors 

suggest that the gene's expression pattern is responding to 

the level of sugar in the cell.      protein_coding  GLUTAMINE-

DEPENDENT ASPARAGINE SYNTHASE 1 (ASN1)        

GLUTAMINE-DEPENDENT ASPARAGINE SYNTHASE 1 (ASN1) 

  AT3G48360 encodes a protein (BT2) that is an essential component of the 

TAC1-mediated telomerase activation pathway. Acts 

redundantly with BT3 and BT1 during female gametophyte 

development and with BT3 during male gametophyte 

development. BT2 also mediates multiple responses to 

nutrients, stresses, and hormones. protein_coding  BTB AND 

TAZ DOMAIN PROTEIN 2 (bt2)      BTB AND TAZ DOMAIN 

PROTEIN 2 (bt2) 

x x AT3G48650 pseudogene, At14a-related protein, similar to At14a 

(GI:11994571 and GI:11994573) (Arabidopsis thaliana)        

pseudogene 

x  AT3G49790 Carbohydrate-binding protein 
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 x AT3G50060 Encodes a member of the R2R3 transcription factor gene 

family. Expressed in response to potassium deprivation and 

auxin. Involved in lateral root development. Interacts with 

ARF7 and regulates the expression of some auxin responsive 

genes. protein_coding  MYB DOMAIN PROTEIN 77 (MYB77)   

MYB DOMAIN PROTEIN 77 (MYB77) 

x  AT3G50280 HXXXD-type acyl-transferase family protein 

 x AT3G54040 PAR1 protein 

x  AT3G55970 jasmonate-regulated gene 21 (JRG21) 

x  AT3G57520 SIP2 encodes a raffinose-specific alpha-galactosidase that 

catalyzes the breakdown of raffinose into alpha-galatose and 

sucrose. This enzyme may function in unloading raffinose 

from the phloem as part of sink metabolism. Although it was 

originally predicted to act as a raffinose synthase (RS), that 

activity was not observed for recombinant SIP2.     

protein_coding  SEED IMBIBITION 2 (SIP2)        SEED 

IMBIBITION 2 (AtSIP2) 

x  AT3G58070 Putative transcription factor, contains C2H2 domain, regulates 

aspects of shoot maturation in Arabidopsis thaliana. GIS loss-

of-function mutations affect the epidermal differentiation of 

inflorescence organs, causing a premature decrease in 

trichome production on successive leaves, stem internodes, 

and branches. Overexpression has the opposite effect on 

trichome initiation and causes other heterochronic 

phenotypes, affecting flowering and juvenile–adult leaf 

transition and inducing the formation of rosette leaves on 

inflorescence stems.  protein_coding  GLABROUS 

INFLORESCENCE 

x  AT3G59940 Galactose oxidase/kelch repeat superfamily protein 

x  AT3G61060 phloem protein 2-A13 (PP2-A13) 

x  AT3G62550 Adenine nucleotide alpha hydrolases-like superfamily protein 

x  AT3G62950 Thioredoxin superfamily protein 

 x AT4G01360 unknown protein 

 x AT4G02170 unknown protein 

 x AT4G03295 snoRNA 

x  AT4G03510 RMA1 encodes a novel 28 kDa protein with a RING finger 

motif and a C-terminal membrane-anchoring domain that is 

involved in the secretory pathway. Has E3 ubiquitin ligase 

activity.    protein_coding  RING MEMBRANE-ANCHOR 1 

(RMA1)   RING MEMBRANE-ANCHOR 1 (RMA1) 

x  AT4G04630 Protein of unknown function, DUF584 

x  AT4G04830 methionine sulfoxide reductase B5 (MSRB5) 

 x AT4G08950 EXORDIUM (EXO) 
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 x AT4G09030 Encodes arabinogalactan protein (AGP10).        protein_coding  

ARABINOGALACTAN PROTEIN 10 (AGP10)      

ARABINOGALACTAN PROTEIN 10 (AGP10) 

 x AT4G09100 RING/U-box superfamily protein 

 x AT4G11070 member of WRKY Transcription Factor 

x  AT4G12470 Encodes AZI1 (AZELAIC ACID INDUCED 1).  Involved in the 

priming of salicylic acid induction and systemic immunity 

triggered by pathogen or azelaic acid.        protein_coding  

AZELAIC ACID INDUCED 1 (AZI1)   AZELAIC ACID INDUCED 1 

(AZI1) 

x x AT4G14630 germin-like protein with N-terminal signal sequence that may 

target it to the vacuole, plasma membrane and/or outside the 

cell. protein_coding  GERMIN-LIKE PROTEIN 9 (GLP9)    

GERMIN-LIKE PROTEIN 9 (GLP9) 

x x AT4G14690 Encodes an early light-induced protein. ELIPs are thought not 

to be directly involved in the synthesis and assembly of 

specific photosynthetic complexes, but rather affect the 

biogenesis of all chlorophyll-binding complexes. A study 

(PMID 17553115) has shown that the chlorophyll synthesis 

pathway was  downregulated as a result of constitutive ELIP2 

expression, leading to decreased chlorophyll availability for 

the assembly  of pigment-binding proteins for photosynthesis.      

protein_coding  EARLY LIGHT-INDUCIBLE PROTEIN 2 (ELIP2) 

EARLY LIGHT-INDUCIBLE PROTEIN 2 (ELIP2) 

x  AT4G15210 cytosolic beta-amylase expressed in rosette leaves and 

inducible by sugar. RAM1 mutants have reduced beta amylase 

in leaves and stems.  protein_coding  BETA-AMYLASE 5 

(BAM5)   ARABIDOPSIS THALIANA BETA-AMYLASE (ATBETA-

AMY) 

x  AT4G15660 Thioredoxin superfamily protein 

x  AT4G15690 Thioredoxin superfamily protein 

x  AT4G15700 Thioredoxin superfamily protein 

x  AT4G16000 unknown protein 

 x AT4G17215 Pollen Ole e 1 allergen and extensin family protein 

x  AT4G17670 Protein of unknown function (DUF581) 

x  AT4G18340 Glycosyl hydrolase superfamily protein 

x  AT4G19160 unknown protein 

 x AT4G20000 VQ motif-containing protein 

 x AT4G20006 unknown protein 

 x AT4G23610 Late embryogenesis abundant (LEA) hydroxyproline-rich 

glycoprotein family 
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x  AT4G23750 encodes a member of the ERF (ethylene response factor) 

subfamily B-5 of ERF/AP2 transcription factor family. The 

protein contains one AP2 domain. There are 7 members in 

this subfamily. Monopteros target gene.        protein_coding  

CYTOKININ RESPONSE FACTOR 2 (CRF2)      CYTOKININ 

RESPONSE FACTOR 2 (CRF2) 

x  AT4G24230 acyl-CoA-binding protein ACBP3. Localized  extracellularly in 

transiently expressed tobacco BY-2  cells and onion epidermal 

cells. Binds arachidonyl-CoA with high  affinity. Microarray 

data shows up-regulation of many biotic- and abiotic-stress-

related genes in an ACBP3 OE-1 in comparison to wild type. 

protein_coding  ACYL-COA-BINDING DOMAIN 3 (ACBP3)       

ACYL-COA-BINDING DOMAIN 3 (ACBP3) 

x  AT4G25630 encodes a fibrillarin, a key nucleolar protein in eukaryotes 

which associates with box C/D small nucleolar RNAs 

(snoRNAs) directing 2'-O-ribose methylation of the rRNA. This 

gene also encodes a novel box C/D snoRNA, U60.2f in its fifth 

intron that accumulates in seedlings and that their targeted 

residue on the 25 S rRNA is methylated.        protein_coding  

FIBRILLARIN 2 (FIB2)    FIBRILLARIN 2 (FIB2) 

 x AT4G25810 xyloglucan endotransglycosylase-related protein (XTR6)  

protein_coding  XYLOGLUCAN ENDOTRANSGLYCOSYLASE 6 

(XTR6)        XYLOGLUCAN ENDOTRANSGLYCOSYLASE 6 (XTR6) 

 x AT4G26200 Member of a family of proteins in Arabidopsis that encode 1-

Amino-cyclopropane-1-carboxylate synthase, an enzyme 

involved in ethylene biosynthesis. Not expressed in response 

to IAA.   protein_coding  1-AMINO-CYCLOPROPANE-1-

CARBOXYLATE SYNTHASE 7 (ACS7)    1-AMINO-

CYCLOPROPANE-1-CARBOXYLATE SYNTHASE 7 (ACS7) 

x  AT4G27410 Encodes a NAC transcription factor induced in response to 

dessication. It is localized to the nucleus and acts as a 

transcriptional activator in ABA-mediated dehydration 

response.     protein_coding  RESPONSIVE TO DESICCATION 26 

(RD26)     RESPONSIVE TO DESICCATION 26 (RD26) 

x  AT4G27450 Aluminium induced protein with YGL and LRDR motifs 

 x AT4G30430 Member of TETRASPANIN family    protein_coding  

TETRASPANIN9 (TET9)     TETRASPANIN9 (TET9) 

x  AT4G32480 Protein of unknown function (DUF506)  
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x  AT4G35770 Senescence-associated gene that is strongly induced by 

phosphate starvation.  Transcripts are differentially regulated 

at the level of mRNA stability at different times of day. mRNAs 

are targets of the mRNA degradation pathway mediated by 

the downstream (DST) instability determinant.    

protein_coding  SENESCENCE 1 (SEN1)     SENESCENCE 1 

(SEN1) 

x  AT4G36110 SAUR-like auxin-responsive protein family  

x  AT4G36670 Major facilitator superfamily protein 

x  AT4G37610 BTB and TAZ domain protein. Located in cytoplasm and 

expressed in fruit, flower and leaves.     protein_coding  BTB 

AND TAZ DOMAIN PROTEIN 5 (bt5)      BTB AND TAZ DOMAIN 

PROTEIN 5 (bt5) 

x  AT4G38470 ACT-like protein tyrosine kinase family protein 

x  AT4G39800 ** Referred to as MIPS2 in Mitsuhashi et al 2008. myo-

inositol-1-phosphate synthase isoform 1.Expressed in leaf, 

root and silique. Immunolocalization experiments with an 

antibody recognizing MIPS1, MIPS2, and MIPS3 showed 

endosperm localization.   protein_coding  MYO-INOSITOL-1-

PHOSPHATE SYNTHASE 1 (MIPS1)      (MI-1-P SYNTHASE) 

 x AT5G05300 unknown protein 

x  AT5G05600 2-oxoglutarate (2OG) and Fe(II)-dependent oxygenase 

superfamily protein 

x  AT5G06690 Encodes a thioredoxin (WCRKC1) localized in chloroplast 

stroma.  Contains a WCRKC motif.        protein_coding  WCRKC 

THIOREDOXIN 1 (WCRKC1)    WCRKC THIOREDOXIN 1 

(WCRKC1) 

x  AT5G06870 Encodes a polygalacturonase inhibiting protein involved in 

plant defense response. PGIPs inhibit the activity of pectin 

degrading enzymes such as those produced by fungal 

pathogens. PGIP2 is induced by fungal infection and methyl 

jasmonate.        protein_coding  POLYGALACTURONASE 

INHIBITING PROTEIN 2 (PGIP2)  POLYGALACTURONASE 

INHIBITING PROTEIN 2 (PGIP2) 

x  AT5G07440 Encodes the beta-subunit of the glutamate dehydrogenase. 

The enzyme is almost exclusively found in the mitochondria of 

stem and leaf companion cells.   protein_coding  GLUTAMATE 

DEHYDROGENASE 2 (GDH2)        GLUTAMATE 

DEHYDROGENASE 2 (GDH2) 

 x AT5G10830 S-adenosyl-L-methionine-dependent methyltransferases 

superfamily protein 

 x AT5G11140 Arabidopsis phospholipase-like protein (PEARLI 4) family 
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 x AT5G13320 Encodes an enzyme capable of conjugating amino acids to 4-

substituted benzoates. 4-HBA (4-hydroxybenzoic acid) and 

pABA (4-aminobenzoate) may be targets of the enzyme in 

Arabidopsis, leading to the production of pABA-Glu, 4HBA-

Glu, or other related compounds. This enzyme is involved in 

disease-resistance signaling. It is required for the 

accumulation of salicylic acid, activation of defense responses, 

and resistance to Pseudomonas syringae. Salicylic acid can 

decrease this enzyme's activity in vitro and may act as a 

competitive inhibitor. Expression of PBS3/GH3.12 can be 

detected in cotyledons, true leaves, hypocot 

x  AT5G14120 Major facilitator superfamily protein 

x  AT5G15948 Upstream open reading frames (uORFs) are small open 

reading frames found in the 5' UTR of a mature mRNA, and 

can potentially mediate translational regulation of the largest, 

or major, ORF (mORF). CPuORF10 represents a conserved 

upstream opening reading frame relative to major ORF 

AT5G15950.1    protein_coding  CONSERVED PEPTIDE 

UPSTREAM OPEN READING FRAME 10 (CPuORF10)     

CONSERVED PEPTIDE UPSTREAM OPEN READING FRAME 10 

(CPuORF10) 

x  AT5G15950 Adenosylmethionine decarboxylase family protein 

 x AT5G17350 unknown protein 

x  AT5G18600 Thioredoxin superfamily protein 

x  AT5G18670 putative beta-amylase BMY3 (BMY3)       protein_coding  

BETA-AMYLASE 3 (BMY3)   BETA-AMYLASE 3 (BMY3) 

x  AT5G19120 Eukaryotic aspartyl protease family protein 

x  AT5G20250 encodes a member of glycosyl hydrolase family 36. Expression 

is induced within 3 hours of dark treatment, in senescing 

leaves and treatment with exogenous photosynthesis 

inhibitor. Induction of gene expression was suppressed in 

excised leaves supplied with sugar. The authors suggest that 

the gene's expression pattern is responding to the level of 

sugar in the cell. protein_coding  DARK INDUCIBLE 10 (DIN10)       

DARK INDUCIBLE 10 (DIN10) 

x  AT5G21170 Encodes AKINbeta1, a subunit of the SnRK1 kinase (Sucrose 

non-fermenting-1-related protein kinase).  Involved in 

regulation of nitrogen and sugar metabolism.   protein_coding   

(AKINBETA1)     (AKINBETA1) 

x  AT5G21940 unknown protein 

 x AT5G22380 NAC domain containing protein 90 (NAC090) 

 x AT5G22680 FUNCTIONS IN: molecular_function unknown 

x  AT5G22920 CHY-type/CTCHY-type/RING-type Zinc finger protein 

 x AT5G24040 Protein of unknown function (DUF295) 
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 x AT5G24200 alpha/beta-Hydrolases superfamily protein 

x x AT5G24780 encodes an acid phosphatase similar to soybean vegetative 

storage proteins. Gene expression is induced by wounding 

and jasmonic acid.   protein_coding  VEGETATIVE STORAGE 

PROTEIN 1 (VSP1)     VEGETATIVE STORAGE PROTEIN 1 (VSP1) 

 x AT5G25260 SPFH/Band 7/PHB domain-containing membrane-associated 

protein family 

 x AT5G26220 ChaC-like family protein 

  AT5G36910 Encodes a thionin that is expressed at a low basal level in 

seedlings and shows circadian variation.  Predicted to encode 

a PR (pathogenesis-related) protein.  Belongs to the plant 

thionin (PR-13) family with the following members: 

At1g66100, At5g36910, At1g72260, At2g15010, At1g12663, 

At1g12660.       protein_coding  THIONIN 2.2 (THI2.2)    

THIONIN 2.2 (THI2.2) 

 x AT5G37770 Encodes a protein with 40% similarity to calmodulin. Binds 

Ca(2+) and, as a consequence, undergoes conformational 

changes. CML24 expression occurs in all major organs, and 

transcript levels are increased from 2- to 15-fold in  plants 

subjected to touch, darkness, heat,  cold, hydrogen peroxide, 

abscisic acid  (ABA), and indole-3-acetic acid. However, CML24 

protein accumulation changes were not  detectable. The 

putative CML24 regulatory region confers reporter expression 

at sites  of predicted mechanical stress 

x x AT5G39580 Peroxidase superfamily protein 

x  AT5G41080 PLC-like phosphodiesterases superfamily protein 

x  AT5G42530 unknown protein 

x  AT5G42830 HXXXD-type acyl-transferase family protein 

 x AT5G43580  

 x AT5G47850 CRINKLY4 related 4 (CCR4) 

x x AT5G48850 homologous to the wheat sulphate deficiency-induced gene 

sdi1. Expression in root and leaf is induced by sulfur 

starvation. Knockout mutants retained higher root and leaf 

sulfate concentrations, indicating a role in regulation of stored 

sulfate pools.     protein_coding  SULPHUR DEFICIENCY-

INDUCED 1 (ATSDI1)   SULPHUR DEFICIENCY-INDUCED 1 

(ATSDI1) 

x  AT5G49360 Encodes a bifunctional {beta}-D-xylosidase/{alpha}-L-

arabinofuranosidase required for pectic arabinan 

modification.  Located in the extracellular matrix. Gene is 

expressed specifically in tissues undergoing secondary wall 

thickening. This is a member of glycosyl hydrolase family 3 

and has six other closely related members.    protein_coding  

BETA-XYLOSIDASE 1 (BXL1)        BETA-XYLOSIDASE 1 (BXL1) 
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x  AT5G49448 Upstream open reading frames (uORFs) are small open 

reading frames found in the 5' UTR of a mature mRNA, and 

can potentially mediate translational regulation of the largest, 

or major, ORF (mORF). CPuORF4 represents a conserved 

upstream opening reading frame relative to major ORF 

AT5G49450.1     protein_coding  CONSERVED PEPTIDE 

UPSTREAM OPEN READING FRAME 4 (CPuORF4)       

CONSERVED PEPTIDE UPSTREAM OPEN READING FRAME 4 

(CPuORF4) 

x  AT5G49450 basic leucine-zipper 1 (bZIP1) 

x  AT5G51440 HSP20-like chaperones superfamily protein 

 x AT5G53110 RING/U-box superfamily protein 

x x AT5G54610 Induced in response to Salicylic acid. Belongs to the ankyrin 

repeat protein family.    protein_coding  ANKYRIN (ANK)   

ANKYRIN (ANK) 

x  AT5G55970 RING/U-box superfamily protein 

x  AT5G56550 Encodes OXIDATIVE STRESS 3 (OXS3)&#65292 

x  AT5G56870 beta-galactosidase 4 (BGAL4) 

 x AT5G57560 Encodes a cell wall-modifying enzyme, rapidly upregulated in 

response to environmental stimuli  protein_coding  TOUCH 4 

(TCH4)  TOUCH 4 (TCH4) 

x  AT5G57655 xylose isomerase family protein 

x  AT5G61440 Encodes a member of the thioredoxin family protein.  Located 

in the chloroplast.        protein_coding  ATYPICAL CYS  HIS RICH 

THIOREDOXIN 5 (ACHT5)    ATYPICAL CYS  HIS RICH 

THIOREDOXIN 5 (ACHT5) 

x  AT5G62360 Plant invertase/pectin methylesterase inhibitor superfamily 

protein 

x  AT5G64190 unknown protein 

x  AT5G64905 elicitor peptide 3 precursor (PROPEP3) 

x  AT5G65207 unknown protein 

x  AT5G67080 member of MEKK subfamily        protein_coding  MITOGEN-

ACTIVATED PROTEIN KINASE KINASE KINASE 19 (MAPKKK19)    

MITOGEN-ACTIVATED PROTEIN KINASE KINASE KINASE 19 

(MAPKKK19) 

 x AT5G67450 Encodes zinc-finger protein. mRNA levels are elevated in 

response to low temperature, cold temperatures and high 

salt. The protein is localized to the nucleus and acts as a 

transcriptional repressor. protein_coding  ZINC-FINGER 

PROTEIN 1 (ZF1)     ZINC-FINGER PROTEIN 1 (AZF1) 

 x ATCG00080 PSII I protein  protein_coding  PHOTOSYSTEM II REACTION 

CENTER PROTEIN I (PSBI) PHOTOSYSTEM II REACTION CENTER 

PROTEIN I (PSBI) 

 x ATCG00090 tRNA-Ser        pre_trna         (TRNS.1)        (TRNS.1) 
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Target gene list of TCP20 as determined in microarray analyses 

Genes found to be differentially regulated after eight hours of DEX induction in comparison  

between TCP20-GR and wild type Columbia-0 plants. Gene names as given by TAIR10. 

 

AGI Gene Description 
AT1G01580 FERRIC REDUCTION OXIDASE 2 (FRO2) 
AT1G02205 ECERIFERUM 1 (CER1) 
AT1G03230 extracellular dermal glycoprotein, putative / EDGP, putative 
AT1G04040 acid phosphatase class B family protein 
AT1G04400 CRYPTOCHROME 2 (CRY2) 
AT1G04430 dehydration-responsive protein-related 
AT1G04800 glycine-rich protein 
AT1G05560 UDP-GLUCOSYLTRANSFERASE 75B1 (UGT75B1) 
AT1G06100 fatty acid desaturase family protein 
AT1G06360 fatty acid desaturase family protein 
AT1G06475 unknown protein 
AT1G07400 17.8 kDa class I heat shock protein (HSP17.8-CI) 
AT1G08570 ATYPICAL CYS  HIS RICH THIOREDOXIN 4 (ACHT4) 
AT1G08900 carbohydrate transmembrane transporter 
AT1G09200 histone H3 
AT1G09240 NICOTIANAMINE SYNTHASE 3 (NAS3) 
AT1G09380 integral membrane family protein / nodulin MtN21-related 
AT1G09750 chloroplast nucleoid DNA-binding protein-related 
AT1G13300 HYPERSENSITIVITY TO LOW PI-ELICITED PRIMARY ROOT  

SHORTENING 1 (HRS1) 
AT1G13607 Encodes a defensin-like (DEFL) family protein 
AT1G13608 Encodes a defensin-like (DEFL) family protein 
AT1G13609 Encodes a defensin-like (DEFL) family protein 
AT1G15125 S-adenosylmethionine-dependent methyltransferase/ methyltransferase 
AT1G17345 auxin-responsive protein-related 
AT1G19510 ARABIDOPSIS RAD-LIKE 5 (ATRL5) 
AT1G21680 unknown protein 
AT1G22710 SUCROSE-PROTON SYMPORTER 2 (SUC2) 
AT1G23020 FERRIC REDUCTION OXIDASE (FRO3) 
AT1G23110 unknown protein 
AT1G23720 proline-rich extensin-like family protein 
AT1G24145 unknown protein 
AT1G24147 unknown protein 
AT1G25425 CLAVATA3/ESR-RELATED 43 (CLE43) 
AT1G31580  encodes a cell wall protein (ECS1) 
AT1G32560 late embryogenesis abundant group 1 domain-containing protein / LEA 

group 1 domain-containing protein 
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AT1G43970 unknown protein 
AT1G45070 transposable element gene 
AT1G45201 TRIACYLGLYCEROL LIPASE-LIKE 1 (TLL1) 
AT1G45688 unknown protein 
AT1G47400 unknown protein 
AT1G48300 unknown protein 
AT1G50160 unknown protein 
AT1G52100 jacalin lectin family protein 
AT1G52400 BETA GLUCOSIDASE 18 (BGLU18) 
AT1G53690 Protein of unknown function that is homologous to At5g41010, which 

encodes a non-catalytic subunit common to nuclear DNA-dependent RNA 
polymerases II, IV and V 

AT1G54010 myrosinase-associated protein, putative 
AT1G54740 unknown protein 
AT1G54820 protein kinase family protein 
AT1G55850 CELLULOSE SYNTHASE LIKE E1 (CSLE1) 
AT1G56300 DNAJ heat shock N-terminal domain-containing protein 
AT1G56430 NICOTIANAMINE SYNTHASE 4 (NAS4) 
AT1G56600 ARABIDOPSIS THALIANA GALACTINOL SYNTHASE 2 (AtGolS2) 
AT1G59860 17.5 kDa class I heat shock protein (HSP17.6A-Cl) 
AT1G61800 GLUCOSE-6-PHOSPHATE/PHOSPHATE TRANSLOCATOR 2 (GPT2) 
AT1G62000 unknown protein 
AT1G64370 unknown protein 
AT1G64400 long-chain-fatty-acid--CoA ligase, putative / long-chain acyl-CoA 

synthetase, putative 

AT1G65610 KORRIGAN 2 (KOR2) 
AT1G66100 Predicted to encode a PR (pathogenesis-related) protein 
AT1G66270  (BGLU21) 
AT1G66940 protein kinase-related 
AT1G67360 rubber elongation factor (REF) family protein 
AT1G67865 unknown protein 
AT1G67870 glycine-rich protein 
AT1G67910 unknown protein 
AT1G68190 zinc finger (B-box type) family protein 
AT1G69160 unknown protein 
AT1G69530 ARABIDOPSIS THALIANA EXPANSIN A1 (ATEXPA1) 
AT1G71030 ARABIDOPSIS MYB-LIKE 2 (MYBL2) 
AT1G71450 encodes a member of the DREB subfamily A-4 of ERF/AP2 transcription 

factor family 
AT1G73260 KUNITZ TRYPSIN INHIBITOR 1 (KTI1) 
AT1G73330 ARABIDOPSIS THALIANA DROUGHT-REPRESSED 4 (ATDR4) 
AT1G73920 lipase family protein 
AT1G74310 ARABIDOPSIS THALIANA HEAT SHOCK PROTEIN 101 (ATHSP101) 
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AT1G74430 MYB DOMAIN PROTEIN 95 (MYB95) 
AT1G74670 gibberellin-responsive protein, putative 
AT1G75380 ARABIDOPSIS THALIANA BIFUNCTIONAL NUCLEASE IN BASAL 

DEFENSE RESPONSE 1 (ATBBD1) 
AT1G75390 ARABIDOPSIS THALIANA BASIC LEUCINE-ZIPPER 44 (AtbZIP44) 
AT1G76210 unknown protein 
AT1G76680 12-OXOPHYTODIENOATE REDUCTASE 1 (OPR1) 
AT1G77760 NITRATE REDUCTASE 1 (NIA1) 
AT1G78830 curculin-like (mannose-binding) lectin family protein 
AT1G80130  
AT1G80180 unknown protein 
AT1G80920 J8 mRNA, nuclear gene encoding plastid protein (J8) 
AT2G02990 RIBONUCLEASE 1 (RNS1) 
AT2G06850 ENDOXYLOGLUCAN TRANSFERASE (EXGT-A1) 
AT2G14635 unknown protein 
AT2G16660 nodulin family protein 
AT2G17840 EARLY-RESPONSIVE TO DEHYDRATION 7 (ERD7) 
AT2G19620 N-MYC DOWNREGULATED-LIKE 3 (NDL3) 
AT2G20560 DNAJ heat shock family protein 
AT2G21790 RIBONUCLEOTIDE REDUCTASE 1 (RNR1) 
AT2G22122 unknown protein 
AT2G22860 PHYTOSULFOKINE 2 PRECURSOR (ATPSK2) 
AT2G23120 unknown protein 
AT2G23130 ARABINOGALACTAN PROTEIN 17 (AGP17) 
AT2G25770 unknown protein 
AT2G26150 ARABIDOPSIS THALIANA HEAT SHOCK TRANSCRIPTION FACTOR 

A2 (ATHSFA2) 
AT2G27505 unknown protein 
AT2G27690 CYTOCHROME P450, FAMILY 94, SUBFAMILY C, POLYPEPTIDE 1 

(CYP94C1) 
AT2G29090 CYTOCHROME P450, FAMILY 707, SUBFAMILY A, POLYPEPTIDE 2 

(CYP707A2) 
AT2G29500 17.6 kDa class I small heat shock protein (HSP 17.6B-Cl) 
AT2G32870 meprin and TRAF homology domain-containing protein / MATH domain-

containing protein 
AT2G32880 meprin and TRAF homology domain-containing protein / MATH domain-

containing protein 
AT2G33330 PLASMODESMATA-LOCATED PROTEIN 3 (PDLP3) 
AT2G33570 unknown protein 
AT2G33830 dormancy/auxin associated family protein 
AT2G33850 unknown protein 
AT2G34300 dehydration-responsive protein-related 
AT2G34430 LIGHT-HARVESTING CHLOROPHYLL-PROTEIN COMPLEX II 

SUBUNIT B1 (LHB1B1) 
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AT2G34600 JASMONATE-ZIM-DOMAIN PROTEIN 7 (JAZ7) 
AT2G34930 disease resistance family protein 
AT2G38240 oxidoreductase, 2OG-Fe(II) oxygenase family protein 
AT2G38465 unknown protein 
AT2G39310 JACALIN-RELATED LECTIN 22 (JAL22) 
AT2G39470 PSBP-LIKE PROTEIN 2 (PPL2) 
AT2G39800 DELTA1-PYRROLINE-5-CARBOXYLATE SYNTHASE 1 (P5CS1) 
AT2G40020 unknown protein 
AT2G41240 BASIC HELIX-LOOP-HELIX PROTEIN 100 (BHLH100) 
AT2G42740 RIBOSOMAL PROTEIN LARGE SUBUNIT 16A (RPL16A) 
AT2G42750 DNAJ heat shock N-terminal domain-containing protein 
AT2G42840 PROTODERMAL FACTOR 1 (PDF1) 
AT2G44940 encodes a member of the DREB subfamily A-4 of ERF/AP2 transcription 

factor family 
AT2G45170 AUTOPHAGY 8E (ATATG8E) 
AT2G45660 AGAMOUS-LIKE 20 (AGL20) 
AT2G46220 unknown protein 
AT2G46550 unknown protein 
AT2G47270 transcription factor/ transcription regulator 
AT3G03280 unknown protein 
AT3G04210 disease resistance protein (TIR-NBS class), putative 
AT3G05730 Encodes a defensin-like (DEFL) family protein 
AT3G08770 LIPID TRANSFER PROTEIN 6 (LTP6) 
AT3G08970  (ATERDJ3A) 
AT3G09260  (PYK10) 
AT3G09870 auxin-responsive family protein 
AT3G12110 ACTIN-11 (ACT11) 
AT3G12580 HEAT SHOCK PROTEIN 70 (HSP70) 
AT3G14200 DNAJ heat shock N-terminal domain-containing protein 
AT3G14210 EPITHIOSPECIFIER MODIFIER 1 (ESM1) 
AT3G14720 MAP KINASE 19 (MPK19) 
AT3G14990 4-methyl-5(b-hydroxyethyl)-thiazole monophosphate biosynthesis protein, 

putative 
AT3G15356 legume lectin family protein 
AT3G15650 phospholipase/carboxylesterase family protein 
AT3G16400 NITRILE SPECIFIER PROTEIN 1 (NSP1) 
AT3G16450 jacalin lectin family protein 
AT3G16470 JASMONATE RESPONSIVE 1 (JR1) 
AT3G16530 Lectin like protein whose expression is induced upon treatment with chitin 

oligomers 
AT3G16700 fumarylacetoacetate hydrolase family protein 
AT3G18290 EMBRYO DEFECTIVE 2454 (EMB2454) 
AT3G19615 unknown protein 
AT3G20060 UBIQUITIN-CONJUGATING ENZYME19 (UBC19) 
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AT3G20370 meprin and TRAF homology domain-containing protein / MATH domain-

containing protein 
AT3G21352 unknown protein 
AT3G25180 CYTOCHROME P450, FAMILY 82, SUBFAMILY G, POLYPEPTIDE 1 

(CYP82G1) 
AT3G25770 ALLENE OXIDE CYCLASE 2 (AOC2) 
AT3G27060 TSO MEANING 'UGLY' IN CHINESE (TSO2) 
AT3G27360 histone H3 
AT3G27690 PHOTOSYSTEM II LIGHT HARVESTING COMPLEX GENE 2.3 

(LHCB2.3) 
AT3G28210 Encodes a putative zinc finger protein (PMZ) 
AT3G29810 COBRA-LIKE PROTEIN 2 PRECURSOR (COBL2) 
AT3G45140 LIPOXYGENASE 2 (LOX2) 
AT3G46230 HEAT SHOCK PROTEIN 17.4 (HSP17.4) 
AT3G50770 calmodulin-related protein, putative 
AT3G51860 CATION EXCHANGER 3 (CAX3) 
AT3G51970 ACYL-COA STEROL ACYL  TRANSFERASE 1 (ASAT1) 
AT3G52720 ALPHA CARBONIC ANHYDRASE 1 (ACA1) 
AT3G53230 cell division cycle protein 48, putative / CDC48, putative 
AT3G54590 HYDROXYPROLINE-RICH GLYCOPROTEIN (ATHRGP1) 
AT3G56360 unknown protein 
AT3G56380 ARABIDOPSIS RESPONSE REGULATOR 17 (ARR17) 
AT3G56970 Encodes a member of the basic helix-loop-helix transcription factor family 

protein (BHLH038) 
AT3G56980 Encodes a member of the basic helix-loop-helix transcription factor family 

protein (BHLH039) 
AT3G58790 GALACTURONOSYLTRANSFERASE 15 (GAUT15) 
AT3G61210 embryo-abundant protein-related 
AT3G62200 unknown protein 
AT3G62410 CP12-2 encodes a small peptide found in the chloroplast stroma 
AT3G62550 universal stress protein (USP) family protein 
AT3G62760 Encodes glutathione transferase belonging to the phi class of GSTs 

(ATGSTF13) 
AT3G63160 unknown protein 
AT4G00695 unknown protein 
AT4G00780 meprin and TRAF homology domain-containing protein / MATH domain-

containing protein 
AT4G01250  (WRKY22) 
AT4G01360 unknown protein 
AT4G01640 unknown protein 
AT4G02160 unknown protein 
AT4G02380 SENESCENCE-ASSOCIATED GENE 21 (SAG21) 
AT4G02520 GLUTATHIONE S-TRANSFERASE PHI 2 (ATGSTF2) 
AT4G03400 DWARF IN LIGHT 2 (DFL2) 
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AGI Gene Description 
AT4G05070 unknown protein 
AT4G07960 CELLULOSE-SYNTHASE LIKE C12 (ATCSLC12) 
AT4G09030 ARABINOGALACTAN PROTEIN 10 (AGP10) 
AT4G11250 AGAMOUS-LIKE 52 (AGL52) 
AT4G11320 cysteine proteinase, putative 
AT4G12400 stress-inducible protein, putative 
AT4G13570 HISTONE H2A 4 (HTA4) 
AT4G14400 ACCELERATED CELL DEATH 6 (ACD6) 
AT4G17245 zinc finger (C3HC4-type RING finger) family protein 
AT4G17670 senescence-associated protein-related 
AT4G17770 ARABIDOPSIS THALIANA TREHALOSE PHOSPHATASE/SYNTHASE 

5 (ATTPS5) 
AT4G19660 NPR1-LIKE PROTEIN 4 (NPR4) 
AT4G19690 IRON-REGULATED TRANSPORTER 1 (IRT1) 
AT4G19840 ARABIDOPSIS THALIANA PHLOEM PROTEIN 2-A1 (ATPP2-A1) 
AT4G21320 HEAT-STRESS-ASSOCIATED 32 (HSA32) 
AT4G21445 unknown protein 
AT4G21680 proton-dependent oligopeptide transport (POT) family protein 
AT4G23700 CATION/H+ EXCHANGER 17 (ATCHX17) 
AT4G24800 MA3 domain-containing protein 
AT4G25100 FE SUPEROXIDE DISMUTASE 1 (FSD1) 
AT4G26530 fructose-bisphosphate aldolase, putative 
AT4G27440 PROTOCHLOROPHYLLIDE OXIDOREDUCTASE B (PORB) 
AT4G27860 integral membrane family protein 
AT4G28780 GDSL-motif lipase/hydrolase family protein 
AT4G32800 encodes a member of the DREB subfamily A-4 of ERF/AP2 transcription 

factor family 
AT4G34560 unknown protein 
AT4G34710 ARGININE DECARBOXYLASE 2 (ADC2) 
AT4G34950 nodulin family protein 
AT4G35320 unknown protein 
AT4G37925 SUBUNIT NDH-M OF NAD(P)H:PLASTOQUINONE 

DEHYDROGENASE COMPLEX (NDH-M) 
AT4G37980 ELICITOR-ACTIVATED GENE 3-1 (ELI3-1) 
AT4G39250 ARABIDOPSIS RAD-LIKE 1 (ATRL1) 
AT5G01380 transcription factor 
AT5G02490 heat shock cognate 70 kDa protein 2 (HSC70-2) (HSP70-2) 
AT5G02780 GLUTATHIONE TRANSFERASE LAMBDA 1 (GSTL1) 
AT5G04150  (BHLH101) 
AT5G04840 bZIP protein 
AT5G05250 unknown protein 
AT5G05365 metal ion binding 
AT5G05600 oxidoreductase, 2OG-Fe(II) oxygenase family protein 
AT5G06720 ARABIDOPSIS THALIANA PEROXIDASE 2 (ATPA2) 
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AGI Gene Description 
AT5G09220 AMINO ACID PERMEASE 2 (AAP2) 
AT5G11360 unknown protein 
AT5G11790 N-MYC DOWNREGULATED-LIKE 2 (NDL2) 
AT5G12020 17.6 KDA CLASS II HEAT SHOCK PROTEIN (HSP17.6II) 
AT5G12030 ARABIDOPSIS THALIANA HEAT SHOCK PROTEIN 17.6A (AT-

HSP17.6A) 
AT5G13740 ZINC INDUCED FACILITATOR 1 (ZIF1) 
AT5G16360 NC domain-containing protein 
AT5G19530 ACAULIS 5 (ACL5) 
AT5G20190 unknown protein 
AT5G20630 GERMIN 3 (GER3) 
AT5G21940 unknown protein 
AT5G22545 unknown protein 
AT5G22880 HISTONE B2 (HTB2) 
AT5G23820 MD-2-related lipid recognition domain-containing protein / ML domain-

containing protein 
AT5G24080 protein kinase family protein 
AT5G24490 30S ribosomal protein, putative 
AT5G25140 CYTOCHROME P450, FAMILY 71, SUBFAMILY B, POLYPEPTIDE 13 

(CYP71B13) 
AT5G25460 unknown protein 
AT5G25980 GLUCOSIDE GLUCOHYDROLASE 2 (TGG2) 
AT5G26000 THIOGLUCOSIDE GLUCOHYDROLASE 1 (TGG1) 
AT5G26850 unknown protein 
AT5G28800 unknown protein 
AT5G37260 CIRCADIAN1 
AT5G37540 aspartyl protease family protein 
AT5G39050 transferase/ transferase, transferring acyl groups other than amino-acyl 

groups 
AT5G43380 TYPE ONE SERINE/THREONINE PROTEIN PHOSPHATASE 6 

(TOPP6) 
AT5G43570 Predicted to encode a PR (pathogenesis-related) peptide that belongs to the 

PR-6 proteinase inhibitor family 
AT5G46890 protease inhibitor/seed storage/lipid transfer protein (LTP) family protein 
AT5G48485 DEFECTIVE IN INDUCED RESISTANCE 1 (DIR1) 
AT5G48490 protease inhibitor/seed storage/lipid transfer protein (LTP) family protein 
AT5G48570 peptidyl-prolyl cis-trans isomerase, putative / FK506-binding protein, 

putative 
AT5G51000 F-box family protein 
AT5G51440 23.5 kDa mitochondrial small heat shock protein (HSP23.5-M) 
AT5G52640 HEAT SHOCK PROTEIN 90.1 (ATHSP90.1) 
AT5G53420 unknown protein 
AT5G53450 OBP3-RESPONSIVE GENE 1 (ORG1) 
AT5G54030 DC1 domain-containing protein 
AT5G55970 zinc finger (C3HC4-type RING finger) family protein 
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AGI Gene Description 
AT5G57220 CYTOCHROME P450, FAMILY 81, SUBFAMILY F, POLYPEPTIDE 2 

(CYP81F2) 
AT5G58750 wound-responsive protein-related 
AT5G59400 unknown protein 
AT5G59690 histone H4 
AT5G59870 HISTONE H2A 6 (HTA6) 
AT5G60680 unknown protein 
AT5G61270 PHYTOCHROME-INTERACTING FACTOR7 (PIF7) 
AT5G63810 BETA-GALACTOSIDASE 10 (BGAL10) 
AT5G64190 unknown protein 
AT5G65470 unknown protein 
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