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Gold is for the mistress -- silver for the maid --
Copper for the craftsman cunning at his trade.
"Good!" said the Baron, sitting in his hall,

"But Iron -- Cold Iron -- is master of them all."

Rudyard Kipling



Acknowledgements

| would like to express my deepest thank to Prof. Dr. Petra for the financial support and for the
experience of working in her lab during the diploma work and the PhD. For the financial support,
I also thank the GradUS graduate school of the Saarland University and the Heinrich-Heine Uni-
versity Dusseldorf. | am thankful to Prof. Katrin Philippar for accepting the correction of the
work. | thank the lab “Plant Development” in Golm/Potsdam, especially Dr. Kirsten Kaufmann
and Dr. Wenhao Yan for the support during the ChIP experiments. Thanks to Prof. Jirgen Zeier

and his group “Molekulare Okophysiologie” for the supervision of the pathogen experiments.

Many thanks to all the members of the Institute of Botany for the nice coffee breaks, cakes,
movie nights, BBQs, etc. A special thank goes to my best colleague Regina for the support, mo-
tivation, talks, beers, bus/train travels, through all these years. | thank our Postdocs Tzvetina
and Rumen for the personal support and for showing me that happiness is at home after work.
Thank you also Hansi and Andreas for answering all the questions and helping me with all my
problems and doubts. Thanks to Angelika for the good mood in every situation and the
“Fasching” atmosphere all the time. Thanks to Elke and Ginte for the technical support and the

continuous organization with broken devices and roofs.

A very special thank to my parents Margarita and Augusto and to my siblings Ma. Margarita,
Ma. Isabel and José Gabriel for supporting me and believing in me. To all my friends, especially
Claudia for being on my side all the time, thank you. Last but not least, | want to thank Maél
and his family for the constant help and support during this hard time. Thank you for bringing

me laughter when only tears appeared.



Content

ADSIFACT ...ttt e bbbt a s Y
ZUSAMMENTASSUNG ...ttt bbb s s bbb sass s sanes v
ADDBIEVIAQEIONS ... bbb st a s Vi
1 INEFOAUCTION ...t as s ae s as s sassnans 1
1.1 Iron UPtaKe in Plants ... e e e e e e e e e e e e e s 3
1.1.1 Strategies of iron UPtake iN PIANTS .......uuiiiiii i e e e e e e e e e rtrrr e e e e e e e e eannees 3
1.1.2 Regulation of the iron Uptake in Plants.........ueeiiii i e e e 6
1.2 lIronin relation to oxidative stress and pathogen response .......cccccceeeeeeeeccccnnrnnnnenneen, 11
1.2.1 [0 Lo X AV d =T N 11
1.2.2 Y aYoT= L= o e 1<y £=] o 1Y TS PPR 13
2 N | 1 1 3T 16
3 Materials and Methods ... ssaes 17
K I R |V =Y T o 7= 3OO TR 17
3.1.1 [ =Y ol 0 g = (= (=1 T 17
3.1.2 (0] 17={e] 0ol I=To ] d 1o [T PRSPPI 17
3.1.3 [0 1= 3 (T FoF= 1 KN 20
3.14 It S ettt ettt ettt ettt et ettt ee e e e et et et e e eee et et b —aeeee e et ta— et eeetrt bt —aeeeerarataaeaetrartaaaeeeerrraraaaeeerrrrraaaaaes 21
3.1.5 ANTIDOAIES ..o —————————————————————————————————————————————— 21
3.1.6 Y =To TR TaTe I o 10T i (=] T 22
3.1.6.1 IMMUNODIOT DUTTEIS it seseseseseseseseseseeeas 22
3.1.6.2  GUS-ASSAY BUTTEIS ettt e e e e e e e e e st ata e e e e e e e eeaabbaeeeaeeeesenntraaeaaaas 23
3.1.6.3  Iron reductase assay DUTFEIS ........ueiiiii i et e e e e e e ba e e e e e e e e e nraaaeaeaas 23
N ST S <Y T K = 11 T 24
3.1.6.5 Chromatin ImmuUNOPIreCiPItatioN ........cociiiiiiiiee et e e e e e e e e e e e ear e e e e e e e e e sansraaeeeeas 24
3.1.7 (014 (1= g 0 = =L A 1 RN 25
3.1.8 DIBVICES .evvttueeeeeieett ittt e e ettt ee e e e et e ear e e e eeeeeaeat e eeeeseessaa e eeesessbaaaaeeessaraaaaeeeessrtaaaeeeereraranaeeerrrrranaaaaes 26
3.1.9 Yo} i ATV L TN 26
K B V. 11 o o o e L3OO 26
3.2.1 T oY d=4 01,V o [PPSR 26

3.2.2 TN Yol F=Y=T o 1] o = U RPR 26



3.2.3 ClOS S NS e e e e e s e s e s e e e s e e e e e e e e e e e e e eeaeaeaeaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaeaaaaaeaeeeeeeeeeeeeeeeeeerereeererererenereren 28

3.2.4 TaaTaa 10T To] o] o] A TaF=1 1V TIPS EPR 29
3.2.5 TAIL-PCR for the localization of the inserts in the transgenic overexpressing lines...........cccccuuuueee... 29
3.2.6 RNA isolation, cDNA synthesis and gRT-PCR .......c.ccciiiiiiie it e et e e e e atre e e e e e e e eaaraaeee s 34
3.2.7 [T doTol s Y=Y g Y or- | M LU XY | RPPR 36
3.2.8 [e W a=Te (U] = 1= Y- U RPR 37
3.29 Pearl stain for iron Visualization ..........oc.coiiiioiiiiiee e e 37
3.2.10 HYArOgEN PErOXIAE ASSAY ..ciiiiieiiiiiiiieeeee ettt e e e e e ee ettt e e e e e e e et raeeeeeeeeseasaasaeeeeaseeaasarbasseeaeeesassreseaeans 38
3.2.11 UV detection of phenolic COMPOUNAS.........uuiiiiiiiiiiee e e e e e e earareea s 39
3.2.12 TraNSCriPTOME ANAIYSIS.ciiiiii ittt ee e e e e e e et e e e e e e e sesabaaaeeaaaeeeeasasbasseaeeeesnnsrsreaaens 39
3.2.13 Chromatin immunoprecipitation (ChIP) .........oc i e e e et r e e e e e e 40
3.2.13.1  Primer desSi@n FOr CRIP ..ottt e e e et e e e e e e e st bta e e e e e e s eeaastaaeeaaeeesnnnsaaaeaaaas 44
I T A N o F=Y VA E o oY e | 2 3 SRS UUT 46
3.2.14 Inoculation of 390x and WT plants with Pseudomonas syringae pv. maculicola .........c..cccceuvveneen... 46
B RESUILS........oe ettt b s 47
4.1 Theiron-uptake regulation in 390X Plants. ... a7
41.1 The overexpression of bHLH039 has no impact Without FIT........ccccooeiiiiiiiiiiiiiicccieeee e, 50
4.2 Transcriptome analysis of 390X S€edIiNGS. .........corririinirce s 54
421 FIT- and Fe-dependent response in 390X SEEAIING ......ueviiiiieeiiiiiiiiee e 54
422 Quest of DHLHO39-dEePENUENT GENES ....uvvieiieiiieiiiiiiieee e ee ettt e e e e eeearr e e e e e e e eebaaaeeeeaeesesnnraeeeaaeeennns 58
4.2.3 Stress responses are induced iN 390X PlaNTS ......uvviiieeiii i e e e e e 63
4.2.4 The response to beneficial pathogen might be increased in 390x plants........cccccovviiieeeieeiccinineenn.. 70
4.3 Investigation of putative promoter activation by bHLHO39............ccocociininnncce 72
B DISCUSSION ...ttt sise e sse s s s s st a bbbt 76
5.1 Iron deficiency and accumulation responses are activated in 390x plants..................... 76

5.2 bHLHO39 might be involved in many more other processes than in the iron uptake..79

B CONCIUSION........eeeeeeeeeeeeee e eeeeeeeeeveeeteee e e s s s asasssesasessesaessssasasasasasasssasetesessesssnsasasasassnaes 82
T PeISPECEIVES ...ttt a bbb s s s sanen 83
B LIEOIATUL @ ... e e e e e e e aeae e e e s s asasasssassssesaessssasasasasasasssasetesssnssasasasasasassnaes 86

O APPENIX...ooeeceeteeeeees ettt sttt s s sanen YA



Abstract

Plants perceive and react to their environment. Upon iron deficiency, plants activate the iron-
deficiency machinery which is controlled by the master regulator FIT and its four interaction
partners the bHLH038, bHLH039, bHLH100 and bHLH101 from the subgroup Ib(2). This work
reports the influence of bHLHO39 overexpression (390x) in iron uptake and homeostasis as well
as in pathogen and high iron responses. Physiological investigation of 390x plants revealed that
they exhibit iron-deficiency responses and simultaneously iron overload and oxidative stress.
Crosses of 390x with FIT knock-out and FIT overexpression plants confirmed that FIT is essential
for the activation of the iron-uptake machinery. A Catma v6 microarray was performed with
390x plants at + Fe and at -Fe. More than 700 FIT and Fe-regulated genes have been identified.
This data showed that the expression of genes coding for proteins involved not only in the ab-
sorption, internal transport and storage of iron, but also in the circadian clock, light response,
pathogen response and oxidative stress were greatly increased. GUS experiments indicated that
the FIT promoter was more active when bHLH039 was overexpressed. Consequently, the bind-
ing of bHLHO39 to the promoter of Fe-related genes was investigated. However, ChIP experi-
ments showed no direct binding of bHLH39 to the different promoter regions of the tested
genes. This work shows the importance of bHLHO39 in the regulation of iron homeostasis and

the processes mentioned above.



Zusammenfassung

Pflanzen empfinden und reagieren auf Umweltveranderungen. Bei Eisenmangel aktivieren die
Pflanzen die Eisenmangel-Maschinerie, die vom Masterregulator FIT und seinen vier Interakti-
onspartnern bHLH038, bHLH039, bHLH100 und bHLH101 aus der Untergruppe Ib (2) gesteuert
wird. Diese Arbeit befasst sich mit dem Einfluss der bHLH039 Uberexpression (390x) auf die
Eisenaufnahme und -homdostase sowie die Auswirkungen auf die Pathogen- und Eiseniber-
flussantwort. Durch Kreuzungen der Linie 390x mit FIT knock-out und FIT Uberexpressionslinien
wurde bestatigt, dass FIT eine zentrale Rolle in diesen Prozessen spielt. Mit einem Catma v6
Microarray wurden die Transkripton von 390x Pflanzen unter + Fe und - Fe untersucht und ver-
glichen. Mehr als 700 Gene wurden identifiziert, welche unabhangig von FIT und Eisenversor-
gung reguliert werden. Eine umfassende Analyse dieser Daten zeigte, dass in 390x Pflanzen
nicht nur Gene mit Beteiligung an Eisenaufnahme, -transport und -lagerung stark hochreguliert
waren, sondern auch Gene, die in der circadian clock, der Pathogenantwort und bei oxidativen
Stress eine Rolle spielen. Promotor-GUS Experimente zeigten, dass der FIT Promotor in 390x
Pflanzen starker aktiviert sein kdnnte. Auf dieser Grundlage wurde die Bindung von bHLH039
an die Promotoren von bekannten stark eisenmangelregulierten Genen wie FIT, IRT1, FRO2,
AT3g12900, AT3g07720 und AT3g58810 untersucht. ChIP-Experimente gaben jedoch keine Hin-
weise auf eine direkte Bindung von bHLH39 an verschiedene Promotorregionen der getesteten
Gene. Diese Arbeit zeigt die Bedeutung von bHLHO39 bei der Regulierung der Eisenhomdostase

und der oben erwdhnten Prozesse.
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1 Introduction

The introduction of this work is a modification of the chapter “Iron Deficiency, Oxidative Stress,

and Pathogen Defense” published in July 2016 in the Book “Nutritional Deficiency” [1].

Organisms have specific ways to assimilate necessary nutrients. Animals, including humans,
have to ingest food and process it mechanically and chemically during the digestion. The prin-
cipal nutrients needed by animals, such as carbohydrates, lipids, proteins, vitamins, and miner-
als, come from different sources [2]. A balanced alimentation is hence very important. A lack of
essential vitamins or minerals in the diet affects immunity and healthy development. This con-
dition of unproportioned alimentation is called undernourishment. Nutrition problems have al-
ways been an issue in third world or developing countries. Nowadays, about 104 million chil-
dren worldwide are underweight (2010). The World Health Organisation (WHO) has a project
to reduce by 40% the number of children that are stunted due to undernourishment until 2025.
Currently, Central Africa , with over 60% of the population undernourished, followed by South-
eastern Africa (~40%) and Southern Asia (~20%) are the regions the most affected by under-

nourishment [3, 4] (Figure 1).
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Figure 1: Worldwide map of undernourishment (2000). (A) The map illustrates the resized world corresponding to the num-
ber of under-nourished people living in the different regions. (B) The chart shows the percentage of undernourished people
living in the different regions. Africa and southern Asia are the most affected regions with almost 50% of all undernourished
people worldwide (adapted from [3], Map 178).

In regions with high undernourishment, many people do not have access to a varied diet and
their main alimentation consists in only one specific sort of crop. In theory, crops can be fortified

by increasing the level of nutrients or uptake-promoting substances in the soil. For example,

Japan




raising the supply of the essential micronutrient elements Zn, Ni, I, and Se increases their con-
centration in the grains of several plant products [5]. Unfortunately, for other micronutrients,
such as Fe, the sole supplementation of the soil with Fe salts is not sufficient to step up the iron
guantity in the crops. Foliar fertilization is the best way to increase Fe content in crops, but the

costs and efforts are not economically interesting [6-8].

Fe deficiency in the form of anemia affects more than 2 billion people on the planet, being the
most common nutritional problem in the world (WHO 2005), and regions with Fe deficiency
anemia coincide with those of undernourishment, particularly Asia, Africa, and Latin America

(compare Figure 1 and Figure 2).
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Figure 2: Iron deficiency anemia deaths. (A) The size of the regions corresponds to the number per million deaths associated
with Fe deficiency anemia (2002). (B) The chart shows the number of per million deaths associated with iron-deficiency anemia

depending on the regions. Africa, Asia, and South America are the most affected regions (adapted from [3], Map 414).

Due to the poor conditions and the lack of access to diverse nutritious food, it is challenging to
counteract this problem by just supplementing the food with iron. Genetic engineering is a suit-
able approach to fortify plants with organic nutrients. In the case of Fe, it is crucial to not only
find a way to increase the efficiency of the uptake into the plant but also the transport inside
the crop, and more importantly to improve the bioavailability of Fe for assimilation in humans
[9, 10]. An attractive source and plant crop have to be chosen. For instance, cassava (or manioc,
Manihot esculenta) is extensively used by humans for food, livestock and extraction of starch.
Manioc can be cultivated for over 30 years in the same field without fertilizer even in poor soil
conditions [11, 12]. Besides, roots can be conveniently stored and remain in the soil for a long
time. Although cassava is one of the basic foods for around 800 million people in the world, it
is not a good source for iron and other nutrients [13]. Using genetic engineering [14], research-

ers were able to introduce a green algae gene (FEA1) in cassava and thus increase the storage



of iron in the roots from 10 to 36 ppm. This amount of iron would cover the daily requirements

for an adult in a meal of 500 g.

Iron is an essential element for animals, bacteria, fungi, and plants so that they may be affected
by similar iron related diseases. A competitive situation may arise between organisms when
they live in close relationship. This is interesting in host—pathogen interaction systems, where
a competition for nutrients between host and pathogen is a determinant for an effective im-

mune system and can affect susceptibility and resistance to a pathogen [15].

1.1  Iron uptake in plants

Depending on the composition of soil particles, the soil can have different characteristics, some
of which define it as fertile. The soil should provide a wide microorganism population, and for
most crop plants, a soil pH around 5.5 and 7 is ideal due to the availability of nutrients. The
texture of the soil is decisive for the aeration, irrigation, and adequate root proliferation. Its
texture is characterized by the amount of sand, silt, and clay particles. High amount of clay par-
ticles is necessary to retain essential nutrients and for soil humidity [16]. Around 5.6% of the
Earth’s crust consists of iron (Fe), belonging to the five most abundant elements. However, the
bioavailability of this metal is restricted and plants developed strategies for its mobilization [17].
Iron is a transition metal and its valence electrons are present in more than one shell so that
atoms can be present in several oxidation states [18]. In nature, iron is present in two biologi-
cally important forms, the ferrous (Fe”*) and ferric (Fe**) form. In acidic environment, iron acts
as a reducing factor, whereas in basic medium, it acts as an oxidizing agent [19]. In soil, Fe*'is
predominant and attached to silicate structures and hydroxides. In order to take up the Fe ions,
plants have strategies to dispatch iron from soil particles, chelate or reduce it and transport it

into the plant root cells.

1.1.1 Strategies of iron uptake in plants

Regarding iron uptake, land plants can be separated into two main groups: Strategy | and Strat-
egy Il plants. All plants, except grasses, carry out Strategy | iron uptake. Among them are, to-

mato (Lycopersicon esculentum), tobacco (Nicotiana tabacum), potato (Solanum tuberosum),



and the model organism Arabidopsis thaliana. Strategy |l plants are all sweet grasses including
rice (Oryza sativa), maize (Zea mays), barley (Hordeum vulgare), and wheat (Triticum spp.).
Studies demonstrated that iron uptake was more efficient in barley (Hordeam vulgare) than in
cucumber (Cucumis sativus) especially at higher pH, which would give Strategy Il plants an ad-

vantage over Strategy | plants [20].

In both strategies (Figure 3) the proteins required for iron uptake are located in the root epi-
dermis cells [20]. Strategy | plants acidify the rhizosphere by pumping protons, carried out by a
proton-ATPase (AHA2) [21]. FERRIC REDUCTASE OXIDASE (AtFRO2 in A. thaliana; LeFRO1 in to-
mato) is responsible for the reduction of Fe** to Fe®*, which is a crucial step for the iron uptake
in Strategy | plants [22-24]. In both strategies, roots enhance iron mobilization by secreting iron-
chelating compounds [25]. Among these, many phenolic compounds and flavins are found in
Strategy | plants. [26]. The investigation of the effect of phenolic compounds in red clover (Tri-
folium pratense) showed that the excretion of these molecules is important for the reutilization
of apoplastic iron by decreasing the mobilization of iron from roots to shoots [27]. Studies in A.
thaliana, Brassica napus, and Medicago truncatula demonstrated that these compounds can
be related to coumarins such as scopoletin and other derivatives as well as flavins. They are
produced under iron deficiency conditions, among others, via the action of the feruloylCoA 69-
hydroxylasel (F6’H1). Subsequently, the ABC transporter, called ABCG37, transports these com-
pounds to the rhizosphere [28-31]. The response of grasses’ roots of (Strategy Il plants) to iron
deficiency is to secrete phytosiderophores (PS) through the phytosiderophore efflux trans-
porter TOM1 [32]. PS are high-affinity iron chelating compounds able to chelate and solubilize
ferric iron (Fe*"). The most well-known PS are members of the mugineic acid family (MA) and
arvenic acid (AA) [33]. Nicotianamine synthase (NAS) is an important enzyme that catalyzes the
fusion of three S-adenosyl methionine molecules (SAM) to form the MA precursor nicotiana-

mine (NA), a non-proteinogenic amino acid [34].



Strategy I Strategy 1I

Epidermis Cell Apoplast Rhizosphere Apoplast PM  Epidermis Cell

MAs Phenolics Citric Acid/NA Ferric Iron Ferrous Iron Protons Neg. charged
soil particle

Figure 3: Strategy | and Strategy Il iron acquisition in plants. Strategy | plants, exemplified by Arabidopsis thaliana (left side),
take up iron in three steps: first, in order to liberate Fe* ions, the proton pump AHA2 acidifies the rhizosphere. The secretion
of phenolic compounds through the ABCG37 transporter increases the solubilization of iron. Second, the iron reductase FRO2
reduces Fe*" to Fe" that is finally transported into the epidermis cell by the iron transporter IRT1. Inside the plant, citric acid
or nicotianamine chelates Fe*"/Fe”" for further transport it within the plant via xylem or phloem. The iron uptake in strategy Il
plants, exemplified by Zea mays and rice (right side) consists of two steps: first, TOM1 exports phytosiderophores into the
rhizosphere to solubilize Fe* ions. The Fe**/PS complex is transported by the YS1 protein in maize and YSL in other grasses.

In maize, the first identified highly specific proton-coupled PS transporter was the yellow stripe
1 (YS1). It transports the Fe**/PS as well as Fe**/NA complex into the cells [35-37]. Further in-
vestigation revealed closely related transporters, yellow stripe 1-like (YSL), in barley and rice
[38-40]. The last step of iron uptake in Strategy | plants is the transport of reduced/chelated Fe
handled by the IRON-REGULATED TRANSPORTER 1 (IRT1) [41-43].

In contrast to the other Strategy Il plants, rice represents a special case because this plant has
the ability to take up both Fe**/PS and Fe** from the soil. Rice produces lower amounts of PS
(2’-deoxymugineic acid DMA) than other grasses, but has two genes encoding for proteins sim-
ilar to the Arabidopsis IRT1, OsIRT1, and OsIRT2. OsIRT proteins were found to be located in the
root plasma membrane, and they are able to transport Fe**. However, rice plants are usually
not forced to reduce iron before transport because they grow in submerged conditions where

Fe®" is more abundant than Fe** [44].



The IRON-REGULATED PROTEIN 1 (also known as ferroportin FPN1) IREG1/FPN1 loads Fe into
the xylem [45]. The root-specific protein FERRIC REDUCTASE DEFECTIVE 3 (FRD3) mediates the
efflux of citrate into the xylem. There, citrate chelates Fe and this complex is transported with
the transpiration stream to the upper parts of the plants [46-48]. In order to reach developing
organs where the xylem is not yet formed, for instance, meristem of young leaves or seeds [49],
the Fe is loaded into the phloem and chelated with NA [50-52]. Potential transporters of iron
between leaves and sinks are the OLIGOPEPTIDE TRANSPORTER 3 (OPT3) [53] and YSL proteins
[54]. In Arabidopsis, NA-chelated Fe may be transported from the phloem to flowers and seeds

via the AtYSL1 and AtYSL3 transporter [55, 56] and in rice, this is performed by OsYSL2 [57].

Immediately after reaching the tissue of destination, Fe has to be stored in cell compartments
where utilization and storage need to be coordinated. The Fe-transporter FPN2 and VACUOLAR
IRON TRANSPORTER 1 (VIT1) [58] are responsible for the import of iron into the vacuole, while
NATURAL RESISTANCE-ASSOCIATED MACROPHAGE PROTEIN 3 and 4 (NRAMP3 and NRAMP4)

mediate its export [59, 60]. In the vacuoles, iron is probably chelated with phytates.

Photosynthesis, the electron transport chain and synthesis of chlorophyll require an enormous
amount of Fe. Therefore, the majority of iron is supplied to the chloroplasts [61]. The transport
of Fe into the chloroplast requires first its reduction mediated by FRO7, followed by its transport
performed by the transporter PERMEASE IN CHLOROPLAST 1 (PIC1) [62, 63]. In the chloroplast,
Fe is sequestered in ferritin (FER), which is macroprotein complexes able to store up to 4500

iron atoms and present in animals, plants, fungi, and bacteria [64].

1.1.2 Regulation of the iron uptake in plants

Proteins that are able to bind DNA to regulate its transcription are called transcription factors
(TF) [65] and have different structures. In the year 1989 a protein region was identified in im-
munoglobulin enhancer binding proteins in the mouse that was found conserved in different
proteins from Drosophila and able to form dimers and simultaneously bind to a specific DNA
sequence. This domain is highly conserved and comprises of around 60 amino acids with two

functional regions. The so-called basic Helix-Loop-Helix (oHLH) TF. At the N-terminal are located



several amino acids with hydrophilic and basic residues. This positively charged region is re-
sponsible for the binding to the negatively charged DNA. Moreover, two amphipathic a-Helices

are linked with a variable loop and function as a dimerization domain [66, 67].

Figure 4: Structure of the bHLH transcription factors. The
motive bHLH is composed at the N- terminal of around 15
basic charged amino acids. The positive charge of these
amino acids allows the binding to the negatively charged
DNA. Two aliphatic a-Helices separated by a Loop are re-
sponsible for the homo- or heterodimerization.

The DNA target-region of proteins with this motive is the so called E-Box motive with the se-
guence 5’-CANNTG-3’ (N corresponds to any nucleotide) and its palindrome called G-boxes 5’-
CACGTG-3’ [66, 68]. bHLH transcription factors are present in all eukaryotes and are involved in
countless processes including developmental events in animals such as muscle and heart devel-
opment as well as neurogenic differentiation [69-71]. In yeast, genes involved in phosphate
metabolism, phospholipid synthesis or regulation of methionine biosynthesis and chromatin
stability are regulated by bHLH transcription factors [72-74]. In plants, they are the second most
common transcription factor family (after Myb TF). Sequence analysis showed that a few BHLH
genes present in the genome of chlorophytes and red algae are present in land plants as well

[75].

The bHLH family in A. thalian comprises 161 members distributed in 26 subgroups [75, 76]. In
the iron deficiency response, the main regulators in tomato and A. thaliana are LeFER
(SIbHLHO85) [77, 78] and FER-LIKE IRON DEFICIENCY-INDUCED TRANSCRIPTION FACTOR (AtFIT,
AtbHLH029) [79-81]. LeFER belongs to the subgroup IV and AtFIT to the subgroup Il of the bHLH
family. They interact with the SIbHLH069 and with the bHLH proteins of the subgroup 1b(2),



respectively, to activate the transcription of the Fe reductase and the Fe transporter genes in

roots [82-84].

The bHLH Ib(2) subgroup transcription factors comprise 6 genes from O.sativa and 12 genes of
A. thaliana. The genes of O.sativa and A. thaliana that are regulated by iron are OsbHLH56, in
rice, AtbHLH038, AtbHLH039, AtbHLH100, and AtbHLH101 in Arabidopsis [75]. In rice,
OsbHLH56 (OsIRO2) plays an important role in the positive regulation of the gene expression of
the nicotianamin synthase (NAS1, NAS2, NAS3), the nicotianamin amino transferase (OsNAAT1),
the deoxymuginein acid synthase (OsDMAS1) and the yellow stripe like (OsYSL15) [85].The four
bHLH genes in Arabidopsis share partial redundant functions in iron homeostasis [86] and in-

teract with the master regulator FIT for the regulation of the iron uptake [82, 83].

There is a large number of genes regulated by FIT and iron deficiency [79, 87, 88]. FIT- and Fe-
dependent genes are for example IRT1, FRO2, [80] KELCH REPEAT PROTEIN, MTPA2, CYP82(C4,
among others [89]. In contrast, the four Ib subgroup BHLH genes are not regulated by FIT. Their
high transcript levels in the fit-3 mutant compared to the wild type are rather due to the iron
deficiency [86]. These and other iron homeostasis genes such as PYE, BTS, FRO3, NRAMP4, and
NAS4 belong to a separate FIT-independent co-regulatory network [79, 90-92]. The regulation

of the iron-uptake and the related proteins are summarized in the Figure 5.

POPEYE (PYE) and BRUTUS (BTS) are important iron-homeostasis regulatory components. Both
genes are upregulated at —Fe conditions; however, they have opposite functions. PYE regulates
positively the iron status of the plant, while BTS has repressing effects on the iron homeostasis
[93-95]. PYE is a bHLH transcription factor which regulates the expression of genes involved in
mitochondrial ferric reduction (FRO3) and internal storage such as the FER1, FER4, NAS [93].
pye mutants showed significant root growth inhibition upon iron deficiency conditions. This oc-
curs because a decreased cell elongation compared to the WT. Additionally, these plants
showed severe chlorotic cotyledons and leaves compared to the WT when grown in iron defi-
cient media. Fe reductase and gene expression analysis suggested that these plants are more
sensitive to iron deficiency [93]. PYE interact with three other bHLH transcription factors from
the subgroup IV, namely bHLH104, bHLH105/ILR3 (IAA-LEUCINE RESISTANT3) and bHLH115.

These PYE-like proteins (PYEL) are upregulated upon iron deficiency [93].

BTS encodes a protein with several conserved domains. These domains are three hemerythrin

(HHE) cation-binding domains on the N-terminus, a CHY zinc-finger domain and a RING (Really



Interesting New Gene) domain on the C-terminus [96]. The HHE domains are able to bind Fe
and Zn suggesting that BTS could act as an iron sensor in the plant [96]. Thanks its RING domain,
BTS might have E3 ligase activity, which catalyzes the final step for the ubiquitination of its in-
teraction partners for proteasomal degradation [94]. Unlike the pye mutant, bts mutants were
more tolerant to iron deficiency. These plants displayed increased rhizosphere acidification,
iron reductase activity and root elongation compared to WT plants. The iron content in shoots,
roots and seeds were elevated in these mutants as well [94]. Additionally, BTS plays an im-
portant role in the embryonal development since some homozygous bts mutant alleles showed

a lethal embryo phenotype [97, 98].

BTS interacts also with the PYEL proteins bHLH104, IL3 and bHLH115 for the regulation of the
iron homeostasis. The interaction between BTS and PYE with the PYEL proteins might occur
according to requirements to fine-tune iron homeostasis [93, 99]. Research showed that these
elements are essential upstream regulators. Knockout mutants of the PYEL showed notably re-
duced tolerance to iron deficiency including low iron content in shoots and roots, reduced iron
reductase activity and gene expression of iron homeostasis genes. On the other hand, com-
pared to the WT, overexpression of these genes, caused at +Fe and —Fe, considerably increased
the iron deficiency response [99, 100]. Chromatin immunoprecipitation experiments showed
that the PYEL are able to bind the promoter of the Ib subgroup BHLHs activating its transcription
[99, 100].

The transcription factors MYB10 and MYB72 are important players in the iron- deficiency re-
sponse with probably redundant functions. myb10myb72 double mutant displayed a lethal phe-
notype when grown in alkaline soil, but was comparable to the WT under normal growth con-
ditions [101]. Microarray analysis of this mutant revealed that very few genes are regulated by
MYB10/MYB72. One of these genes is the NICOTIANAMIN SYNTASE 4 (NAS4). The fact that the
overexpression of NAS4 rescued the lethal phenotype of the myb10myb72 double mutant and
that the NAS4 promotor has MYB binding sites, showed that NAS4 is a target of these two tran-

scription factors [101] (Figure 5).
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Figure 5: Regulatory network of the iron uptake in A. thaliana. The network was taken from [102] and some changes were
implemented. The grey numbers refer to the publications in the reference list. Rectangles represent proteins, rounded corners
rectangles represent genes and ovals represent transcription factors. Green arrows fight the evil point out direct induction. Red
blunt lines mean direct repression. Broken green and red arrows point out positive or negative regulation, respectively. Ref. 1)
[79-83]; 2) [93-95]; 3) [93-95, 99, 100]; 4) [101]; 5) [103-105]; 6) [106]; 7) [107]; 8) [108]; 9) [109, 110]; 10) [111]; 11) [112]; 12)
[113]; 13) [114, 115]

Hormones play an important role in the iron homeostasis. Ethylene (ET) is a positive regulator
of the iron uptake genes. It was demonstrated that the gene expression of FRO2, IRT1 and FIT
was elevated after treatment with the ethylene precursor ACC [103]. This occurs because eth-
ylene stabilized FIT protein through the interaction with EIN3/EIL1 proteins. These redundant
proteins stabilized FIT preventing its proteosomal degradation and preserving it in an active
state [105, 106]. Nitric oxide (NO) acts similar as ethylene. These two signal molecules are in-
terconnected by a feedforward mechanism influencing the biosynthesis of each other for a
more efficient regulation of the iron homeostasis [104]. Additionally, NO regulates the expres-
sion of the GENERAL REGULATORY FACTOR11 (GRF11) gene, which encodes a 14-3-3 protein.
Previous analysis showed that GRF11 activates the transcription of FIT. In turn, FIT can regulate
the transcription of GRF11 by binding directly on the E-box motif of its promoter [107]. Up-
stream of the NO, for the activation of Fe-deficiency signal, acts auxin. Plants treated with ex-

ternal auxin increase the levels of NO and the Fe-deficiency responses [108]. Gibberellin acid



(GA) was reported to enhance the iron uptake in Arabidopsis plants. Treatment with GA acti-
vates the transcription of the iron uptake marker-genes [109]. Later investigations revealed that
DELLA proteins interact with FIT and bHLHO38 and bHLHO39 preventing their interaction and
activation of the iron reductase and transporter. The treatment with GA releases the interaction

of FIT with DELLA proteins and allows the transcription of IRT1 and FRO2 [110] (Figure 5).

Epigenetic chromatin changes regulate also iron homeostasis. Chromatin immunoprecipitation
experiment showed that the enzyme SHK1-BINDING PROTEIN 1 (SKB1) bind to the promoters
of the four Ib subgroup bHLHs and symmetrically methylates the arginine 3 of histone H4R3.
This methylation prevents the transcription of these genes. skb1 mutants show higher expres-
sion of the bHLHs mentioned before, higher Fe accumulation and more tolerance to iron defi-
ciency compared to the WT. This demonstrates that such chromatin modifications have an im-

pact in the iron homeostasis [111] (Figure 5).

Mediator proteins play an essential role in the initiation of the transcription by linking transcrip-
tion factors with the RNA polymerase Il. Investigations identified a mutant that was hypersen-
sitive to iron deficiency. The mutated gene was the YID1, which encodes for the MED16 protein.
This protein interacts with MED25 for the activation of the transcription of Fe-homeostasis
genes via interaction with the two ET-regulated EIN3/EIL1 [112]. Later studies showed that the
MED16 interacts directly with FIT to improve the activation of, IRT1, FRO2 and the subgroup Ib
BHLHs genes [113]. Another subunit of this RNA polymerase complex that regulated iron ho-
meostasis is the RNA POL Il C-TERMINAL DOMAIN-LIKE PHOSPHATASE 1 (CPL1) which unlike
other CPLs, has negative controlling features. It interacts with the REGULATOR OF CBF GENE
EXPRESSION 3 (RCF3) affecting the mRNA availability of FIT and the Ib BHLHs [114, 115] (Figure
5).

1.2 Ironin relation to oxidative stress and pathogen response

1.2.1 Oxidative stress

The chemical transformation of vital substances in the normal metabolism generates free radi-
cals, which can be any chemical species with one or more unpaired electrons. The free radicals
candidates includes the hydrogen atom, as the simplest radical, most transition metals and the

oxygen molecule. Oxygen radicals, the so-called reactive oxygen species (ROS), are the most



common radicals produced in an organism. Among these, the most relevant are the superoxide
(-0 ), hydrogen peroxide (H,0,) and hydroxyl radical (-OH) [116, 117]. These radicals are pro-
duced under normal physiological, pathological, or stress conditions by specific reductase en-
zymes or in biochemical processes that involve an electron transport chain, for example photo-

synthesis, respiration or oxidative phosphorylation [118].

Cells use ROS as messenger molecules for specific responses. For example, H,0, plays an im-
portant role in the signal transduction for the immune response of both humans and plants
[119-122]. In humans, it induces the nuclear presence and the DNA-binding of the transcription
factor NF-kB, which activates the transcription of genes involved in inflammatory and immune
responses [119]. In plants, the immune response is also supported by the production of ROS.
These molecules cross-link cell wall proteins to prevent pathogen entrance and induce the pro-
duction of phytoalexins, which are small molecules that accumulate in the area of infection and
prevent growth and spread of the bacteria. Likewise, ROS promote the induction of the hyper-
sensitive response (HR), so that cells undergo programmed cell death to remove nutrient
sources for the pathogen. ROS waves are also involved in systemic resistance responses [120,

123].

On the other hand, high production of ROS leads to oxidative stress. When Fe exists abundantly
in a free state, it is able to catalyze the production of hydroxyl radicals in a two steps reaction
called the Haber-Weiss reaction. Fe** first oxidizes the superoxide anion to oxygen and is re-
duced itself to Fe?*. Then, Fe®" is oxidized in a Fenton reaction, which catalyzes the split of H,0,

and the formation of a hydroxyl radical and a hydroxide ion [124-126].

In plants, ROS accumulate upon drought, salt stress, cold, heat, heavy metals, high light, ozone,
mechanical stress, nutrient deprivation, and pathogen attack. Since plants are not able to es-
cape stress, they developed mechanisms to adapt and control these circumstances. In high light
conditions, for example, plant diminishes the leaf surface by curling, or upon drought, they close
the stomata. If the plant is not able to counteract the production of ROS during the mentioned

biotic and abiotic stresses, the cells undergo programed cell death and the plant may die [127].

Low molecular weight molecules and enzymatic proteins are responsible for keeping the bal-
ance between harmful and useful ROS. Most ROS are produced in the mitochondria, peroxi-

somes and, in plants, in chloroplasts [127, 128]. Hence, the majority of the ROS-scavenging en-



zymes are located there [129]. The most important enzymes for ROS-scavenging are the super-
oxide dismutases (SOD), which catalyze the dismutation of superoxide to form hydrogen per-
oxide and molecular oxygen. The hydrogen peroxide is further processed to water and oxygen
by a glutathione peroxidase reaction. Glutathione (GSH) is a tripeptide consisting of glutamic
acid, cysteine, and glycine. GSH plays a critical antioxidative role because it is produced in high
amount in almost all cells in plants and mammals. It has the capacity of easily oxidizing to glu-
tathione disulfide (GSSG). Subsequently, the glutathione reductase converts the GSSG back to
GSH. Additionally, catalases are very potent enzymes to metabolize the hydrogen peroxide to

water and oxygen [118, 127, 130, 131].

1.2.2 Pathogen defense

The principles of immune responses in plants and mammals differ in several aspects. Mammals
have a circulatory system with specialized killing and memory cells as a part of the very effective

adaptive immunity. Plants rely on an effective innate immunity.

The first protection against pathogens is generally to prevent pathogen entrance into the or-
ganisms using physical barriers. In plants, callose, lignin, and other phenolics reinforce the cell
walls of wood and xylem vessels after pathogen attack or mechanical damage thereby prevent-
ing the spread of the pathogen and its toxins [132-135]. If these barriers fail, the innate immune

system comes into place.

The first immediate (basal) immune defense in plants and animals is the innate immunity re-
sponse. Specialized pattern recognition receptors (PRR) recognize microbe molecules, which
are called microbe-associated or pathogen-associated molecular patterns (MAMPs/PAMPs)
[136, 137]. The basic immune output responses are important mechanisms for the surviving of
the plant during and after pathogen attack. The hypersensitive response (HR) is an emergency
measure, which activates cell death (programmed cell death, PCD) of a limited number of sur-
rounding cells to limit the nutrients and thereby avoid the spread of biotrophic pathogens [138].
Moreover, ETI and PTI activate the so-called systemic acquired resistance (SAR) and the corre-
sponding pathogenesis-related (PR) genes. SAR is a long-distance and long-lasting immune re-

sponse activated in the entire plant after a local infection [139, 140].



Pathogens gain from the host all required nutrients. Iron regulation is very important for path-
ogen survival during infection in plants. Iron plays dual roles for host and pathogen, either as

nutrient or as essential cofactor constituent to initiate or avoid immune responses.

The genes FER2 and FER1 of a maize fungi Ustilago maydis, which encode a high-affinity iron
permease and an iron multicopper oxidase respectively, are involved in the iron uptake in this
microorganism. Deletion of these genes showed that the infection rate of the fungi in maize
plants was impaired, concluding that these genes are crucial for its virulence as well [141]. NPS6
is a virulent gene conserved in many filamentous fungi, which is involved in siderophore bio-
synthesis and in tolerance to H,0, [142].The requirement to sequestrate iron via siderophore
production might be not only to take up iron but also to protect from reactive oxygen species

[143].

In the host cells, iron exists mostly as a complex with ferritin, transferrin, hemoglobin, and other
proteins. It was shown that, after a pathogen infection in plants, ferritin accumulates possibly
to protect from ROS but also to deprive invaders from iron [144]. During a pathogen attack, iron
accumulates in the apoplast to elevate the oxidative response, which in turn activates the ex-
pression of PR-genes. The translocation of iron to the apoplast causes intracellular iron defi-
ciency activating iron-uptake genes and PR-genes [145]. Bacteria stimulate siderophore produc-
tion, which may serve to solubilize iron inside the host and transport it into the microbial cells

[15, 146]. The upregulation of ferritin may help to withstand siderophore action [144].

However, many bacteria can also act in a positive way on plants. In the plant’s rhizosphere,
many beneficial nonpathogenic rhizobacteria are present and protect the plants against patho-
genic microorganisms by secreting antimicrobial components [147]. The content of plant
growth-promoting rhizobacteria (PGPR), soil type and strategy of iron uptake plays a fundamen-
tal role for plants in the iron nutrition [148, 149]. In turn, the iron status of the plant influences

the rhizobacteria community as well.

Plants may profit from siderophore production of the rhizobacteria for the activation of the
induced systemic resistance (ISR), a SA-independent immunological pathogen response in
plants [150, 151]. Iron deficiency and ISR are closely related. Transcriptome analysis in A. thali-
ana showed that a high number of genes upregulated upon iron deficiency conditions are also

upregulated in plants treated with beneficial bacteria [152]. Similarly, treatment with synthetic



siderophores upregulated many gene encoding for WRKY transcription factors and genes re-
quired for the iron uptake, such as ferritin, the iron transporter (IRT1), the iron reductase
(FRO2), and the NICOTIANAMINE SYNTHASE (NAS) [144, 153]. An overlap between these two
processes is represented by the transcription factor MYB72. This transcription factor activates
downstream an important component necessary for ISR called BGLU42 (B-glucosidase). BGLU42
is involved in the production and secretion of phenolic compounds from the root to the rhizo-
sphere and is a key component for the activation of the ISR [154]. MYB72 is strongly upregulated
under iron deficiency conditions, and its regulation occurs in a FIT-dependent manner [101,
155]. Thus, mutants lacking MYB72, and its close homologue MYB10, were not able to survive
in iron deficiency conditions. Finally, it was shown that MYB72 induces the expression of NAS4

[101] [50] and BHLHO39 [154].



2 Aims

Nowadays, iron malnutrition is a critical challenge of our society. Since the resources are scarce in
the affected regions, the necessity of nutrient richer crop is of primordial interest. The investigation
of the mechanisms for iron mobilization, uptake and homeostasis within the plant is crucial. The
iron homeostasis in Arabidopsis thaliana and other plants have been wide investigated; however,
the regulation of this process needs to be further explored. Previous analysis in our lab [156]
showed that the overexpression of bHLH039 enhances the iron uptake genes in iron sufficient me-

dium leading to high iron amounts in roots and shoots.

These “features” gained from the overexpression of BHLH039 opened the question if bHLHO39
acts upstream of FIT in the iron homeostasis regulation. To address these question, following

goals were established.

First, the iron-deficiency responses in 6-day old seedlings should be confirmed. Additional, the fact
that the iron content in 390x plants is very high led us to suspect that bHLH039 might be able to
activate the iron uptake in a stronger manner than FIT does. Therefore, 390x plants should be
crossed with fit-3 mutant and FIT-overexpression lines. Molecular and physiological experiments
with these crosses should reveal whether bHLHO39 activates the iron-deficiency machinery without

FIT and if the overexpression of FIT changes the 390x phenotype.

Next, with the knowledge that 390x plants have an altered gene expression of iron uptake genes
(IRT1 and FRO2), a comparative transcriptome profiling of 6 days-old seedling should be performed.
Genes that are not FIT- of Fe-regulated are particularly interesting because they would provide a
hint which genes are direct or indirect targets of bHLH039. New processes and genes influenced by

bHLHO039 should be searched using this transcriptome data.

Finally, the activation of the FIT promoter by the bHLHO39 TF should be investigated. To complete
this objective, 390x plants should be crossed with pFIT::GUS plants and the expression of the GUS
reporter gene verified using GUS assay. Furthermore, by means of chromatin immunoprecipitation

the direct DNA binding of bHLHO39 protein to FIT and other promoters should be analyzed.



3 Materials and Methods

3.1 Materials

3.1.1 Plant material

The following plant lines were used for physiological and molecular experiments as well as for

crossing.

Table 1: Lines used as source material

Name Stock number Genotype Source
WT AA51.1, WE1 Col-0 Ecotype
fit-3 AA9.1 T-DNA insertion 207 bp dowstream of ATG [80]
390% FM218, pAlligator 2, p2xCaMV/355:3xHA-bHLH (gDNA) [156]
MN32/161/189/190 in Col-0 background
Alligator 2, p2xCaMV35S5:3xHA-FIT (cDNA)i
HAS-FIT M9 pAligator &, poxta X (cDNA)in 1 1105
Col-0 background
pMDC32, p2xCaMV35S:7xHA-FIT (cDNA)in
HA-FIT M8 Col-0 background [105]
3xbhih FM35, MN18, MN159, Crossing of single bhlh39, bhlh100, bhlh101 (89]
MN160 mutants
pFIT::GUS FP0415 Col-0 background [80]

3.1.2 Oligonucleotides

Table 2: Genotyping Primers. Capital letters stand for a sequence within a gene region and small letters for untranslated re-
gions

Primer Name

Sequence 5’-3’

FIT 5’ CCCTGTTTCATAGACGAGAACC

FIT 3’ CCGGAGAAGGAGACGTTAGG
BHLH38 LP AGACACAAATGGGATCAAGTTG
BHLH38 RP AAGGGTTAACTCGGTGTTCTTC
BHLH39 LP GGAGGTCAACAAATAAATAAAATGC
BHLH39 RP AAGGGTTAACTCGGTGTTC
BHLH100 LP TTGTGGTAGAAAAATGTAATTGC
BHLH100 RP TCAGTTTATGTTACTTGGGACCG
BHLH101 LP TATGATTGGCGTAATCCCAAG
BHLH101 RP TTTCCTACTTCATCCCATCAAAG

GABI T-DNA check

CCCATTTGGACGTGAATGTAGACAC

Salk LBb1

GCGTGGACCGCTTGCTGCACCT



Table 3: Primers for qPCR and standards. Capital letters stand for a sequence within a gene region and small letters for untrans-

lated regions

Primer Name

Sequence 5’-3’

RT-Ef1Balpha2-5‘

ACTTGTACCAGTTGGTTATGGG

RT-Ef1Balpha2-3*

CTGGATGTACTCGTTGTTAGGC

RT-FIT-5(MN) ATCCTTCATACGCCCTCTCC
RT-FIT-3(MN) ATCCTTCATACGCCCTCTCC
RT bHLH038 GGAGATAACCTAAATAACGGCA

RT3 bHLHO38

GGTCCAGATCAGTGTTAGATTCA

RT bHLHO39 (348)

GACGGTTTCTCGAAGCTTG

RT3‘ bHLHO39 (459)

GGTGGCTGCTTAACGTAACAT

BHLH100-RT5’

AAGTCAGAGGAAGGGGTTACA

BHLH100-RT3" (479)

GATGCATAGAGTAAAAGAGTCGCT

BHLH101-RT (427)

CAGCTGAGAAACAAAGCAATG

BHLH101-RT3" (678)

CAGTCTCACTTTGCAATCTCC

STD-FIT-5/(MN)

AAGACATGACCAAAAATGTGTGT

STD-FIT-3/(MN)

TGCATCTCCAACAATGGATGC

STD-BHLHO038-5°

GGAGATAACCTAAATAACGGCA

STD-BHLHO038-3*

GGTCCAGATCAGTGTTAGATTCA

STD-BHLHO039-5° AACCAAAGCAGCTTCCAAG
STD-BHLHO039-3* CGAAGAGAAAAAGGACGACA
STD-BHLH100-5° CCTCCCACCAATCAAACG

STD-BHLH100-3*

ATGACATCGGTGTGTAACCAC

STD-BHLH101-5°

CATCCCATCAAAGTCTCTCTAGC

STD-BHLH101-3*

CCTCCAGTCTCACTTTGCAAT

STD-EF1Balpha2-5‘

GCTGCTAAGAAGGACACCAAG

STD-EF1Balpha2-3‘

TGTTCTGTCCCTACTGGATCC

Table 4: Primers for Tail PCR. Capital letters stand for a sequence within a gene region and small letters for untranslated regions

Primer Name Sequence 5’-3’ Tm °C End conc. uM
pALLI2 RB1 (S1)s GACCTGCAGGCATGCAAGCTA 60 20
pALLI2 RB2 (S2) CCATCTTTGGGACCACTGTCG 51 20
pALLI2 RB3 (S3) GACCTGCAGGCATGCAAGCTA 57 20
AD1 NGTCGASWGANAWGAA 43-48 24
AD2 TGWGNAGSANCASAGA 46-51 24
AD3 AGWGNAGWANCAWAGG 43-48 24
AD4 STTGNTASTNCTNTGC 43-51 32
AD5 NTCGASTWTSGWGTT 41-44 16
AD6 WGTGNAGWANCANAGA 40-48 32




Table 5: Primers for ChIP-qPCR

. Capital letters stand for a sequence within a gene region and small letters for untranslated

regions
Primer Name Sequence 5’-3’ Fragment size

ChIP FITa 5’ tccaaatgtcaattagtgaaga 78 bp
ChIP FITa 3’ ttttgccacatgattatcttt
ChIP FITb 5’ aacgaaataggaagaatttcag 54 bp
ChIPFIT-a-R atttgatacatgtgaagctagcata
ChIP FITc 5’ agcttgtgacaactaaaccag 60 bp
ChIP FITc 3’ attaatttgcaatcggctta
ChIP FITd 5’ caagaatatatgtggatc 70 bp
ChIP FITd 3’ ctacgatattagacgtac
ChIP FITe 5’ attccctccaccacaaaa 74 bp
ChIP FITe 3’ gcatgacaattatatttccaca
ChIP FITa 5’ tccaaatgtcaattagtgaaga 78 bp
ChIP FITa 3’ ttttgccacatgattatcttt
ChIP IRT1b 5’ atgccttaatcaagttttgaa 68 bp
ChIP IRT1b 3’ catttacaattgtcaggatgaa
ChIP IRT1c 5’ gtcggtggagtatgagtttg 76 bp
ChIP IRT1c 3’ gagtggtttacctcccacgt
ChIP IRT1d 5’ gctagatgtcccttttttagg 63 bp
ChIP IRT1d 3’ atgaaatcgggtatgaatgt
ChIP IRT1e 5’ cgaataaaggaggaggaatc 75 bp
ChIP IRT1e 3’ ttgtgctcagtgtatggttg
ChIP IRT1f 5’ gtagtgtttttggtgactgg 79 bp
ChIP IRT1f 3’ gtttatgctacgagcacaac
ChIP FRO2a 5’ acgcgtgagatttcgtag 72 bp
ChIP FRO2a 3’ tgtgtaaaatacacgtgtcag
ChIP FRO2b 5’ cggattttaattcatctttgat 64 bp
ChIP FRO2b 3’ cattattagtttgaaaactgatt
ChIP FRO2c 5’ aattttttttttggacaaatgc 127 bp
ChIP FRO2c 3’ aaagtacaccaccaataacctc
ChIP FRO2d 5’ acaagatccatggggaaga 51 bp
ChIP FRO2-c-R 3’ agtaagctagttgcatgctccat
STDChIPAt3g12900-5' CCTCAAAACAAAGGTGATACTGT 64 bp
ChIPAt3g12900-a-3' atctataaagctaggcaattg
ChIPAt3g12900-b-5’ cgagacgcatgcaccacaa 56 bp
ChIPAt3g12900-b-3' agggttttttctagctagtgtcttac
ChIPAt3g12900-c-5' tcgacgactagtttaccaagtga 80 bp
ChIPAt3g12900-c-3' agagaagtttacgtacctgaga
ChIPAt3g07720-a-5' GCTCTAAGGCTCCTCAACTTC 79 bp
ChIPAt3g07720-a-3' CGCTTGAGACGACACTGTTT
ChIPAt3g07720-b-5’ CCTTCTCATTAGCCTCATTCTCCATATG 73 bp
ChIPAt3g07720-b-3' GGCGACTCTTATGATGACAAATT
ChIPAt3g07720-c-5’ GCCGTATGATTAAAGTTTACAATGC 89 bp
ChIPAt3g07720-c-3' ccttccttttctttttttgtacc
ChIPAt3g58810-a+b-5’ cagcagagtttcgtaaggtcag 75 bp
ChIPAt3g58810-a+b-3' accacaacagacttagcggt
ChIPAt3g58810-c-5' gatagtcaatagtcatttcgtgtct 97 bp
STDChIPAt3g58810-3' TGCCTCCCATCTAGTCTCTT



Table 6: Primers to generate standards for ChIP-qPCR. Capital letters stand for a sequence within a gene region and small letters
for untranslated regions

Primer Name Sequence 5’-3’ Fragment size
ChIPFIT-a-F agatgtgataggtacagcaaaattg 168
ChIPFIT-a-R atttgatacatgtgaagctagcata
ChIPFIT-b-F gcttgtgacaactaaaccagttgac 191
ChIPFIT-b-R atcgatcagaccgtattaaaaaggt
ChIPFIT-c-F ctcttgtttctaatctgcattecct 119
ChIPFIT-c-R ttactcgaatgattaatttgtcgtgt
ChIPIRT1-a-F acacatgttttgattccatacacc 231
ChIPIRT1-a-R ttacaattgtcaggatgaagtgtg
ChIPIRT1-b-F aatatggaaaatctccccaagttc 151
ChIPIRT1-b-R agtggtttacctcccacgtttt
ChIPIRT1-c-F tgttcatgtaaaaatgcgtaagttc 185
ChIPIRT1-c-R atcaattcaaaaatgaaaaatgact
ChIPIRT1-d-F tcatttttgaaaactagacatcaagc 159
ChIPIRT1-d-R gtttatgctacgagcacaacatcac
ChIPFRO2-a-F atgatgatgaggaagaaagaagatg 161
ChIPFRO2-a-R cgtgtgtaaaatacacgtgtcaga
ChIPFRO2-b-F ttttaacaaatgtcaatcagttttca 188
ChIPFRO2-b-R aaagaggttattggtggtgtacttt
ChIPFRO2-c-F daatgtattttgctaatcaaatcgt 157
ChIPFRO2-c-R agtaagctagttgcatgctccat
STDChIPAt3g07720-5' TCCATTCACCGCTCAACTCT 908
STDChIPAt3g07720-3' tctctgtctctatttaaggecca
STDChIPAt3g58810-5' ACGAGCTTGCAGTCTGATCA 903
STDChIPAt3g58810-3' tgcctcccatctagtetctt
STDChIPAt3g12900-5' cctcaaaacaaaggtgatactgt 1283
STDChIPAt3g12900-3' tgtctccacacttctgcettga

3.1.3 Chemicals

Table 7: List of chemicals and their applications

Chemical Company End concentration
RNase inhibitor, recombinant ribolock Fermentas
EDTA Fermentas 25 mM
Oligo (dt) 15 Fermentas 100 uM
5x M-MulLV buffer Fermentas
dNTP Fermentas 10 mM each
m-MulV RTase Fermentas
Saccharose Roth 25 mg/ml
GUS substrate — x-Gluc Sigma 2 mM
Plant Agar Duchefa
X-Gal Sigma 70 ng/ml
Na,HPO, Roth 100 mM pH7.2
NaH,PO, Roth 100 mM pH7.2
Ka[Fe(CN)q] — (Fe**) Roth 2 mM
Ks[Fe(CN)q] — (Fe**) Roth 2 mM
Triton-X Serva 0.2%
SDS Roth




3.1.4 Kits

Material Company Use
Spectrum Plant Total RNA Kit Sigma-Aldrich RNA isolation
DyNAmo ColorFlash SYBR Green Thermo Fisher gPCR
Amplex® Red Enzyme Assays Thermo Fisher H,0, Assay

Stock solutions for the Amplex® Red Enzyme Assays
The reagents below are sufficient for 100 reactions with a volume of 100 pl.

10 mM Amplex® Red reagent stock solution: One vial of Amplex® Red reagent (Component A,

blue cap) was dissolved in in 60 ul DMSO (Component B, green cap)

1X Reaction Buffer: 4 mL of 5X Reaction Buffer (Component C, white cap) were added to 16 mL

of deionized water.

10 U/mL Horseradish Peroxidase (HRP) stock solution: The vial of HRP (Component D, yellow

cap) was dissolved in 1.0 mL of 1X Reaction Buffer and aliquoted for storage at -20°C.

10 uM Hydrogen Peroxide (H,0,) working solution: 1ul of a 35% H,0, (10 M) was dissolved in

1ml 1x reaction buffer to obtain a 1 mM stock solution. 1ul of the 10mM stock solution was
dissolved in 1ml 1x reaction buffer to obtain a stock solution of 10 uM. This solution should be

used within a few hours of preparation.

Working solution from stocks 5 ml for 100 assays 6 ml for 120 assays
10 mM Amplex Red reagent stock solution 50 ul 60 pl
of 10 U/mL HRP stock solution 100 pl 120 pl
1X Reaction Buffer 4.85 ml 5.82 ml

3.1.5 Antibodies
e Mouse HA tag monoclonal antibody (Diagenode, Cat. Nr. C15200190)
e Rabbit anti-actin monoclonal antibodies (Agrisera,Cat. Nr. AS13 2640)
e Goat anti-rabbit-HRP-coupled secondary antibody (Pierce)

e Rabit IgG polyclonal antibody (Diagenode, Cat. Nr. C15410206)



3.1.6 Maedia and buffer

Hoagland medium:

Macronutrients Micronutrients Iron
0.75 mM MgS0O, 50 uM KCL 50 uM FeNaEDTA (+Fe)
0.5 mM KH,PO, 50 uM H3BO, 0 uM FeNaEDTA (-Fe)
1.25 mM KNOs 10 UM MnSO,
1.5 mM Ca(NOs), 2 UM ZnS0O,
1.5 uM CuS0O,
0.075 uM (NH4)sMo0,0,4

1% Saccharose
0.8% plant agar
pH 6.0

Murashige-Skoog-Medium (MS):

4.4 g MS-Powder (full pack Duchefa)
7.5 g MES Monohydrat

5 g Sucrose (0.5%)

10 g Agar (1%)

pH 5.6-5.8

3.1.6.1 Immunoblot buffers

2x Laemmli buffer TBS-T
100 mM | Tris-HCL pH 6.8 20 mM | Tris-HCl, pH 7.4
4% | SDS 180 mM | NaCl
20 % | Glycerol 0.1 % | Tween 20
0.2 % | Bromphenol blue
200 mM | DTT
10x Running buffer 1x transfer buffer
250 mM | Tris 10 % | Running buffer
2.5 M | Glycin 20 % | Ethanol
1% | SDS




3.1.6.2 GUS-assay Buffers

Table 8: Quantitative GUS-assay buffer. Prepare X-Gluc every time fresh.

Stock Chemical For 500 pl End conc.
1M Na,HPO, 29 ul 100 mM
1M NaH,PO, 21 ul pH 7.2
100 mM K4[Fe(CN)g]Fell 10 ul 2 mM
100 mM Ks[Fe(CN)g]Felll 10 ul 2 mM
20% Triton-X 5l 0.2%
100 mM X-Gluc 10 ul 2 mM
H,0 415 pl
Table 9: Qualitative GUS extraction buffer
Stock Chemical For 1 ml End conc.
1M Na,HPO, 29 ul 50 mM
1M NaH,PO, 21 pl pH 7.2
0.5M Na-EDTA pH 8.0 2 ul 1mM
20% | Triton-X 5wl 0.1%
1M -mercaptoethanol 10 ul 10 mM
complete protease inhibitor
H,0 933 ul
Table 10: 4-MUG Reaction buffer
Stock For 250 ml End conc.
GUS extraction buffer 245 ul
100 mM MUG solved in DMSO (38.8 5l > mM
mg/ml)
MU (make fresh 100 mM in DMSO)
Stop reagent (1 M sodium carbonate)
3.1.6.3 Iron reductase assay buffers
Table 11: Plate reductase assay
Stock Chemical For 100 ml End conc.
5mM CaS0O4 10 ml 0.5 mM
Agar 07g 0.7% w/v
10 mM FeNaEDTA 2.5 ml 0.25 mM
50 mM Ferroxin 0.5 ml 0.25 mM




Table 12: Qualitative iron reductase assay

Stock Washing solution For 50 ml End conc.
Ca,(NO3)*4H,0 1.18¢g 100 mM
Stock reductase-assay solution For 50 ml End conc.
10 mM FeNaEDTA 500 pl 0.1 mM
50 mM Ferrozin 500 pl 0.5 mM
3.1.6.4 Pearl stain
Table 13: Fixative and stain solution
Stock Fixative : Methacarn For 10 ml End conc.
100% | Methanol 6 ml
100% | Chloroform 3ml 6:3:1
100% | Acetic acid 1ml
Stock Stain solution: Berliner blue For 10 ml End conc.
Ks[Fe(Cn)e) 0.2¢g 4%
37% | HCl 0.54 ml 4%
3.1.6.5 Chromatin Immunoprecipitation
Stock solutions. All stock solutions should be sterile-filtrated.

Conc. Chemical Mass Volume Comment Store
5M | NaCl 146¢g 50 ml RT
1M | MgCl, 48¢g 50 ml RT
1M | NaH,PO, 6g 50 ml RT
1M | NayHPO, 7,1g 50 ml RT
1M | 2-Methyl 2,4-pentanediol 59¢g 50 ml RT

1.25 M | Glycine 4,7 g 50 ml RT
0.5M | HEPES 6g 50 ml pH 7.5 4°C
0.5M | EDTA 7,38 50 ml RT

100 mM | ZnSO, 0,8¢g 50 ml RT
1M | Tris Base 6g 50 ml pH9 RT
3 M | Sodium acetate 2,5¢g 10 ml RT

10% | SDS 1g 10 ml RT
20 % | Triton-X 100 2ml 10 ml RT
99 % | B-Mercaptoethanol
100 % | Ethanol
20 mg/ml | Proteinase K
16% | Formaldehyde Thermo fisher
Sarkosyl
Tween-20
Glycogen
Complete PI cocktail Roche
Protein-A agarose beads Santa Cruz

Low addition tubes

Eppendorf



Working Solutions. All these buffers should be prepared fresh.

Sodium phosphate buffer pH 7 (1 M stock) MC buffer (fresh)
Stock Volume Stock Volume End. Conc.
1M Na,HPO, 57.7 ml 3.4g | Sucrose 0.1 M
1M | NaH,PO, 423 ml 1M | Sodium phosphate buffer 1ml 10 mM
Total volume 100 ml 5M | NaCl 1ml 50 mM
Sterile filtrate, Store RT Total volume 100 ml
Store on ice

M1 buffer (fresh) M2 buffer (fresh)

Stock Volume End. Conc. Stock Volume End. Conc.
1M | Sodium phosphate buffer 250 pl 10 mM 1M | Sodium phosphate buffer 250 pl 10 mM
5M | Nacl 500 pl 0.1M 5M | Nadcl 500 pl 0.1M
1M | 2-methyl 2,4-pentanediol 3.2ml 1M 1M | 2-methyl 2,4-pentanediol 3.2ml 1M

B-mercaptoethanol 17.7 pl 10 mM 1M | MgCl, 250 pl 10 mM
protease inhibitor cocktail 7 tablet 20% | Triton-X 625 pl 0.5%
Total Volume 25 ml B-mercaptoethanol 17.7 pl 10 mM
protease inhibitor cocktail % tablet
Total volume 25 ml
Store on ice

M3 buffer (fresh) Sonic buffer (store frozen in aliquots at - 20 °C)

Stock Volume End. Conc. Stock Volume End. Conc.
1M | Sodium phosphate buffer 250 pl 10 mM 1M | Sodium phosphate buffer 500 pl 10 mM
5M | Nacl 500 pl 0.1M 5M | Nadcl 1ml 0.1M

B-mercaptoethanol 17.7 pl 10 mM Sarkosyl 250 mg 0.5 %
protease inhibitor cocktail % tablet 0.5M | EDTA 1ml 10 mM
Total volume 25 ml Total volume 50 ml
Store on ice Sterile filtrate make aliquots and add fresh the protein inhibitor
cocktail from 25x stock
IP buffer (store frozen in aliquots at - 20 °C) Elution buffer (store frozen in aliquots at - 20 °C)
Stock Volume End. Conc. Stock Volume End. Conc.
0.5M | HEPES 5 ml 50 mM 1.25M | Glycine 4 ml 0.1M
5M | NaCl 1.5ml 150 mM 5M | NaCl 5 ml 0.5M
1M | MgCl, 250 pl 5mM Tween-20 25 pl 0.05 %
100 mM | ZnSO, 5ul 10 pl Total volume 50 ml
20 % | Triton-X 2.5ml 1% Adjust the pH to 2.8 make aliquots and freeze.
10% | SDS 250 pl 0.05 %
Total volume 50 ml
Sterile filtrate make aliquots
3.1.7 Other materials
Material Company Use
96 Fast PCR-Plate full skirt Sarstedt gPCR
GRE96ft_half _area Greiner Iron reductase assay
50 ml reaction tubes Greiner various
2 ml reaction tubes Sarstedt various
1.5 ml reaction tubes Sarstedt various
PCR strips Sarstedt various
DNA Low binding 1.5 ml Eppendorf ChlP
DNA Low binding 2 ml Eppendorf ChlP
Nitrocellulose membrane GE Health Care Immunoblot
ECL GE Health Care Immunoblot
Mini-PROTEAN precast gels Biorad Immunoblot




3.1.8 Devices

PRECELLYS® 24 Precellys
Infinite® 200 PRO series TECAN
CFX96 Touch™ Real-Time PCR Detection System Bio-Rad
Mini-PROTEAN Electrophoresis Chambers Bio-Rad

Gel Doc2000 Bio-Rad
Bioruptor® Diagenode
Vacuum pump Vacuubrand
FluoChem Q system Proteinsimple
Growth Chambers Percival
PerfectBlue™ DNA Gelsystem Peqlab
Thermocycler Peqlab
Centrifuges and cool centrifuges Thermo

3.1.9 Software

Primer design tool Primer3

http://primer3.ut.ee/

URI Genomics & Sequencing Center

http://cels.uri.edu/gsc/cndna.html

JMicro Vision

http://www.jmicrovision.com/

Virtual Plant http://www.virtualplant.org
REVIGO http://revigo.irb.hr/
TAIR https://www.arabidopsis.org/
ATTED-II http://atted.jp/
Venny 2.1.0 http://atted.jp/
NCBI http://www.ncbi.nlm.nih.gov/geo/
MataCyc https://metacyc.org/

3.2 Methods

3.2.1 Plant growth

Seeds were surface sterilized for 8 minutes (6% NaOCI, 0.1% Triton X), washed four times with
dest. sterile water and then stratified for 2 days at 4°C in 1% plant agar. The seeds were placed
in Hoagland agar plates under iron sufficient (50 uM Fe-EDTA) or iron deficient (0 uM Fe-EDTA)

medium and grown vertically in the Percival growth chamber with a 110-150 pmol.m™s™ light

intensity. The plant growth time is described in each experiment.

3.2.2 Plant screening

Using phenotypical analysis, GUS-assay (see 3.2.7) and genotyping homozygote transgenic
plants were selected. 390x [156] plants were selected first by the phenotype. Then, these plants

as well as HA3-FIT and HA;-FIT [105] plants were genotyped using the forward primer 35S and

the gene specific primer. Primer names are shown in the gen map of Figure 6.
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PCR program used for the genotyping:

First denaturation

Denaturation

Annealing
Elongation

Denaturation

Annealing
Elongation

Final elongation

Store

3.2.3 Crossings

94°C

94°C
64°C — 1°C/cycle
72°C

94°C
58°C
72°C

72°C
12°C

3 min

30s
30s 6x
60s

30s
30s
60s

34x

7 min

The open and very young flowers as well as the inflorescence apex were removed. The sepals,

petals and anthers of closed flower buds from parent 1 were removed to let the pistil free. Three

ripe flowers from the parent 2 were used to pollinize the free pistil of parent 1. Table 14 shows

the crossed lines.

Table 14: F1 generation of crossed plants

Name Parent 1 Parent 2 F1
390x/fit MN32 MN34 MN52-54
fit/390x MN34 MN32 MN49
390x /pFIT::GUS MN33 MN32 MN47-48
HA3-FIT/390x M9 FM218 MN132-134
390x/HAs-FIT FM218 M9 MN135-138
HA,-FIT/390x FM218 IM8 MN122-126
390x/HA;-FIT M8 FM218 MN127-131

The lines were multiplied and selected by genotyping (see 3.2.2) until they were homozygote.

The final lines with the corresponding name and number are listed in Table 15. These lines were

used for biological and molecular analysis.



Table 15: Final lines from crossings

Name Stock number Generation
390x/fit MN85 F4
390x/fit MN188 F5
390x/fit MN191 F6
pFIT::GUS/390x MN183 F3
390x/HA;3-FIT MN187 F6

3.2.4 Immunoblot analysis

Around 40 six day-old seedlings were harvested, frozen in liquid nitrogen and grinded using the
Precellys. 1 ul 2x Laemmli buffer was added per mg plant powder. The samples were centrifuged
at 10.000 x g for 5 min at 4°C. 10 ug heat-denatured, total protein was loaded on a 12 % SDS-
polyacrylamide gel and protein separated by electrophoresis. Proteins were electro-transferred
to a nitrocellulose membrane with transfer buffer. The membrane was blocked 10 min with 5 %
milk-TBS-T solution. HA3-bHLHO39 protein was detected with anti-HA-horseradish peroxidase
(HRP)-coupled high-affinity monoclonal rat antibody e, 1:1.000 dilution in 2.5 % milk-TBS-T, 1 h
incubation at RT). The membrane was washed three times with TBS-T and signals detected with
the ECL Chemiluminescence reagents (ECL) and the FluoChem Q (Biozym) device. The mem-
brane was stripped 10 min with citric acid (4% w/v) and re-blocked. For the detection of actin
protein, the membrane was incubated for 1 h at RT with anti-actin antibodies (1:5000 dilution
in 2.5 % milk-TBS-T), washed three times with TBS-T and then incubated 1 h at RT with a goat
anti-rabbit-HRP-coupled secondary antibody (1:1000 dilution in 2.5 % milk-TBS-T). After three
washes, the membrane was detected as described above. The intensity of the bands were de-
termined using the AlphaView (FluorChem Q) software. The bands were selected and the local

backgrounds were subtracted. HA signal intensity was normalized to that of actin.

3.2.5 TAIL-PCR for the localization of the inserts in the transgenic overexpressing lines.

The thermal asymmetric interlaced PCR (TAIL-PCR) [157] is a suitable method for the identifica-
tion of the exact position of a T-DNA insertion in a transgenic organism. Using plasmid specific
(S1- S3) and unspecific primers (low TM arbitrary degenerate primer AD1 — AD6), it is possible

to amplify a fragment by a series of three PCRs. For the first PCR was used the genomic DNA of



the transgenic line. For the second PCR, the first PCR was diluted and used as a template and so
was the third PCR with the second PCR. The third PCR was run on a gel, the DNA was isolated
and the DNA was sent for sequencing. Figure 8 shows a scheme of the three steps in the TAIL-

PCR.

s1 52 S3 Figure 8: Scheme of the TAIL-PCR. The first
> = = : ;
Genomic DNA RB — LB PCR uses transgenic genomic DNA as a tem-
a = > < > plate. For the second PCR was used of PCR 1
s1 and for PCR 3 a diluted sample of PCR 2. The
PCR 1 - B PCR 3 was run on a gel and after purification
$2 < sequenced. The sequence of the T-DNA-LB
=> was proven and the rest sequence aligned to
PCR 2 |t P . . d e
p -« the genomic DNA using the blasting tool of
AD NBCI. S are the specific primers and AD the un-
PCR3 Lt specific.

-
AD,
Sequencing and alignment Plasmid Gelome

A part of the sequence was aligned to the corresponding vector and the remaining sequence
was blasted using the tool NBCI. This alignment gives the exactly position of the T-DNA in the

genome of the transgenic line.

Set up and program for TAIL-PCR

PCR 1:

Master Mix: 1rxn 6 rxn (+1 reserve)
2 x Ready Jump Start Red TAQ Mix 10 ul 70 ul

Plant genomic DNA 2.5 ul 17.5 pl

Primer S1 0.2 ul 1.4l

H20 4.8 ul 33.6 ul

Total 17.5 pl 122.5 pl

Add per single rxn:

Master mix 17.5 pl
AD primer 2.5 ul
Final rxn volume 20 ul




PCR 1 program:

1 min 93 °C initial denaturation
1 min 95 °C

1 min 94 °C cycles of high stringency amplifications
1 min TmS1+2°C 5 cycles

2:30 min 72°C

1 min 94 °C low stringency cycle
3 min 25°C

3 min ramp to 72 °C

2:30 min 72°C

1 min 94 °C ) supercycles of two high stringency
1 min TmS1+2°C cycles and one reduced stringency
cycle

2:30 min 72°C

1 min 94°CC L 15 supercycles

1 min TmS1+2°

2:30 min 72°C

1 min 94 °C

1 min 40 °C

2:30 min 72°C —

5 min 72°C final elongation
Store 12 °C

PCR 2:

Master Mix: 1rxn 6 rxn

Primer S2 0.2 ul 1.4l

2 x Ready Jump Start Red TAQ Mix 10 ul 70 ul

H20 6.9 ul 48.3 ul

Total 17.1 ul 119.7 ul

Add per single rxn:

Master mix 17.1 ul

1:50PCR 1 1l

AD primer 1.9yl

Final rxn volume:

20 ul



PCR 2 program:

1 min 93 °C initial denaturation
1 min 95 °C

0:30 min 94 °C supercycles of two high stringency
1 min TmS2+2 °C cycles and one reduced stringency
cycle

2:30 min 72°C

0:30 min 94 °C —

1 min TmS2 +2°C 15 supercycles

2:30 min 72°C

0:30 min 94 °C

1 min 44 °C

2:30 min 72°C

5 min 72 °C final elongation
Store 12 °C

PCR 3

Master Mix: 1rxn 6 rxn

Primer S3 0.5 ul 3.5ul

2 x Ready Jump Start Red TAQ Mix 25 ul 175 pl

H20 18.75 pul 131.25 pl

Total 44.25 ul 309.75 pl

Add per single rxn:

Master mix 44.25 ul

1:20 PCR 2 1l

AD primer 4.75 ul

Final rxn volume: 50 ul

1 min 93 °C initial denaturation
1 min 95 °C

1 min 94 °C reduced stringency cycles
1 min 44 °C 20 cycles

2:30 min 72°C

5 min 72°C final elongation
Store 12 °C

After sequencing and alignment, we could find the exact location of the 2xCAMV35S::HA;3-

gBHLHO039 insert (Figure 9), which was in chromosome 4 at the position 6039161, 544 bp up-

stream from the gene GIP1A (GCP3-INTERACTING PROTEIN 1, AT4G09550).
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Figure 9: Position in genome of 2xCAMV35S::HA3-BHLH039. Using the method TAIL-PCR with specific primers against the right
border of the pAlligator2, the exact position of the insert was determined. The insert is located between the genes AT4G09545
and AT4G09550. Primers for the PCR are listed in the materials part.

Using specific primers against the vector pMDC32 and the unspecific primers (AD), it was possi-
ble to find the position of the insert in HA;-FIT genome. T-DNA with the insert 2xCAMV35S::HA,-
FIT is located at the position 25620334 in the chromosome 5 between the genes AT5G64010
and AT5G64020.
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Figure 10: Position in genome of 2xCAMV35S::HA-FIT. Using the method TAIL-PCR with specific primers against the left border
of the pMDC32, the exact position of the insert was determined. The insert is located in between the genes AT5G64010 and
AT5G64020. Primers for the PCR are listed in the materials part.



3.2.6 RNAisolation, cDNA synthesis and qRT-PCR

The gene expression analysis including the RNA isolation, cDNA synthesis and the gRT-PCR anal-

ysis were based on the protocol of Klatte et al. (2009) [158] with some changes.
mRNA isolation

Around 60 seedlings per line per replicate were harvested in liquid nitrogen and grinded with
the PRECELLYS® 24. The total RNA was isolated with the Kit Spectrum™ Plant Total RNA from

Sigma-Aldrich according to the manufacturer’s instructions.
cDNA-Synthesis

The total RNA concentration was measured using the NanoQuant Plate of the TECAN reader
Infinite® 200 PRO series. The absorbance of the RNA was measured at 260 nm and its quality
determined by the ratio of A260/A280.This ratio should be between 1.8 and 2, otherwise it may

indicate the presence of proteins or other impurities.

1 pg of total RNA was used for the cDNA synthesis previous DNase treatment. This was per-

formed as follows:

DNase treatment

RNA+H,0 (1 pg) 7.0 ul
10x DNasel buffer 1.0 pl
RNase inhibitor 0.5 ul
DNasel 1.0 pl
H,0 0.5 ul
Total volume 10.0 pl

30 min by 37°C, then 4°C

Deactivation of DNase and primer annealing

25 mM EDTA 1.0 ul
100 puM (0.5 pg/ul) oligo (dT)1s 1.0 ul
Total volume 12.0 pl

10 min by 65°C, then 4°C (deactivate Dnase and denature RNA)
cDNA synthesis

5x M-MulLV buffer 4.0 ul
H,0 1.0 pl
RNase inhibitor 0.5 ul
dNTP 10 mM each 2.0 puL
m-MulLV RTase 0.5 ul
Total volume 20.0 pl

2 h by 42°C, 10 min by 70°C (to deactivate enzyme), then 4°C



The cDNA was filled up to 200 pl with PCR water and stored at -20°C. For the gRT-PCR, the sam-
ples were diluted 1:10 with PCR-water and distributed in PCR-strips (each 30 ul). For more de-

tails see [158].

Quantitative Real-Time PCR
This method of DNA quantification is based on a polymerase chain reaction on cDNA, which
monitors the amplification of a specific cDNA fragment. This allows the comparison of gene ex-

pression between different organisms or treatments.

The gPCR in this study was performed using the 2x DyNAmo Flash SYBR Green qPCR Kits. This
master mix contains a hot-start version of a modified Thermus brockianus DNA polymerase,
which gives additional stability to the polymerase-DNA complex. It is activated during the initial

DNA denaturation step in the PCR avoiding nonspecifically primer bound during reaction setup.

The design of primers is a critical step for a successful qPCR. It is important that the primers yield
a 100-150 bp cDNA fragment with an annealing temperature of ~60°C. The concentrations of
the primers were optimized by titration of each primer pair. Concentrations combinations of
100:200, 100:100 and 200:100 nM were verified by gPCR and the combination with the lowest

Ct was chosen as the most efficient [158].

Mass standards allow the absolute quantification of the cDNA. For this purpose, a 1 kb fragment
of the gene of interest was amplified with a regular PCR from a control cDNA sample (e.g. WT
or fit-3). After separation on an agarose gel, the fragment was isolated and its concentration
determined. Using the DNA concentration and the length of the fragment the copy number of
the purified DNA was calculated with the formula from http://cels.uri.edu/gsc/cndna.html. The
stock standard DNA was diluted to obtain dilution series from 10’ to 10? molecules/10ul and

distributed 30 pl in PCR strips.

The qPCR was set up in a 96 well qPCR plate with three biological replicates two technical repli-

cates for the samples, the standards and the water control [158, 159]

cDNA/standard/H,0 control 10 pl
2x DyNAmo ColorFlash SYBR Green 9.6 ul
Primer (15 uM) 0.2 ul
Primer (15 uM) 0.2 ul

Total volume 20 ul



The device used was the CFX96 Touch™ Real-Time PCR Detection System from Bio-Rad with the

following program:

First denaturation 95°C 3 min
Denaturation 95°C 10s
Annealing 60 °C 15s } x40
Elongation 72°C 20s

Melting curve analysis 65 °C-95 °C, 0.5 °Cincrement

The gPCR device reads the fluorescence after every cycle and creates curves. At a certain point,
the signal increases exponentially with each cycle until it reaches a certain number of PCR cycles
and the signal turns linear. The section where all the curves are straight and parallel to each
another is called threshold. The number of cycles (Ct) needed to reach this threshold is propor-
tional to the amount of MRNA molecules in a certain sample. The standards, which have a known
number of molecules (10’-10°), serve as the reference point to convert the Ct values to absolute

expression values.

After the gPCR, the quality of the curves needs to be verify. It is essential that the curves of the
technical replicates coincide (to exclude pipetting mistakes). The melt curve indicates if the pri-

mers amplify only one fragment and the purity of the sample.

The data was analyzed with the program Bio-Rad CFX Manager 3.0 following the instructions of
Klatte and Bauer (2009) [158]. For each sample value, a genomic DNA control gene (intron region
from EF2Ba2) is subtracted and then normalized to the amount of total cDNA (exon region from
EF2Ba2). The average and standard deviation of the three biological replicates were calculated

and a bar diagram generated.

3.2.7 Histochemical GUS-Assay

Using this method, the line pFIT::GUS/390x was screened. For that, the root tip of ~3 weeks-old
plants grown at +Fe Hoagland agar plates was cut and incubated at 37°C for 30 min-2h in 50 pl
GUS-assay buffer in a 96 well plate. The blue color pointed out the presence of the transgene.
The corresponding plant was used for the 390x screening (see 3.2.2) and the plants were further

multiplied.

For the qualitative GUS assay five 6 days-old seedlings were incubated in 50 pl GUS-assay buffer
in a 96 well plate at 37°C for 30 min-2h and then pictured using a binocular. For the quantitative

GUS-assay, around 20 seedlings were harvested in liquid nitrogen and grinded to a fine powder.



200 pl of GUS extraction buffer were added and mixed. The samples were centrifuged at 15000
rpm for 1 minute at 4°C. The extracts were then transferred to a new tube (always on ice). A MU
(fluorescent) dilution series (1-10 mM) was prepared. 10 pl sample and MU standard were pi-
petted in a 96 well plate and filled up to 200 pl (sample) or 250 pl (standard) with GUS-extraction
buffer. 40 ul of the 4-MUG reaction buffer (non-fluorescent) were added to the samples and
incubated 1h at 37°C. 200 pl stop reagent were added to the samples and the formation of the
fluorescent methylumbeliferone was measured. The values were normalized to the protein con-

centration using a BSA standard curve with the Bradford-assay.

3.2.8 Iron reductase assay

Qualitative plate iron reductase assay

The agar plates should be prepared fresh. For this purpose, water was boiled in the microwave
with 0.5 mM CaSO4 and 0.7% (w/v) agar until the agar is completely dissolved. When medium
cooled down to approx. 50°C, 0.25 mM FeNaEDTA and 0.25 mM ferrozine were added, and fi-
nally the plates poured. Around 10 seedlings were transferred using plastic forceps to the agar

plates and incubated in the dark for 2 h. Then the plates were pictured.

Quantitative iron reductase assay

Before the assay, the seedlings were pictured and the roots length was measured using the soft-
ware JMicro Vision. Using plastic forceps 10-15 6-day-old seedlings/replicate were washed with
1 ml 100 mM Ca,(NO3) solution, then with 1 ml water and finally incubated 1 h with 500- 1000
ul reductase-assay solution. 170 pl of each sample and one for the blind value were transfered
to a GRE96ft_half_area and measured in the Tecan at 562 nm. For the calculation, the OD of the
blind was subtracted from the OD of the samples, then divided by the molar extinction coeffi-
cient of Fe®* complex (28.6 nM™cm™) and finally normalized to the volume of the measured

sample and the sum of the all root lengths.

3.2.9 Pearl stain for iron visualization

The visualization of Fe in the plant is possible using the Perl’s Prussian blue stain assay. This

consists of a solution of potassium ferrocyanide that reacts with Fe** and form an insoluble blue



precipitate. This precipitate cannot diffuse from the tissue and reflects the iron content of living

tissue.

6 days-old 390x and WT seedlings were incubated in 1 ml fixation solution under vacuum (500
mbar) for 1.5 h. The fixation solution was removed and the seedlings were washed 3x with des.
H,0. The seedlings were the incubated with 1 ml pre-warmed (37°C) stain solution for 15 min-1
h under vacuum (checking every 15 min for the blue staining). The stain solution was removed
and the seedlings were washed again 3x with H,0. For storage, the stained seedlings were de-

hydrated with an EtOH dilution series 10%, 30 %, 50% and 70% (15 min each).

3.2.10 Hydrogen peroxide Assay

To detect the production of H,0, in the roots of 6-day old seedlings, we used the Amplex® Red
Enzyme Assays kit. The Amplex® Red reagent (10-acetyl-3, 7-dihydroxyphenoxazine) reacts stoi-
chiometrically 1:1 with H,0, (catalyzed by the horseradish peroxidase) to produce a highly fluo-
rescent resorufin (excitation/emission maxima=570/585 nm). This method allows the detection

of very low levels of H,0, of around 50 nM.

The protocol used here was from Brumbarova (2016) [160]. Briefly, The roots of about 30-100
plants (WT-390x respectively) per replicate were cut and grinded to a fine powder. 200 pl phos-
phate buffer (20 mM K2HPO4, pH 6.5) per 30 mg root powder were added and the samples well
mixed. The samples were centrifuged for 3 min at 13000 rpm and the supernatant transfered to
PCR strips. Using the multichannel pipette, 50 ul of the sample were transfered to a 96 well UV
Star plate, 50 pl working solution (two technical replicates) were added and the samples were
incubated in the dark at room temperature for 30 minutes. The samples were measured at an

excitation/fluorescence of 545/590 respectively.

For the analysis, the values of the controls (A), (B) and (C) were subtracted from the sample
values, calculated by the mean of the technical replicates and then normalized to the volume

and root weight.



3.2.11 UV detection of phenolic compounds

For the visualization of phenolic compounds, 390x and WT plants were directly grown of +Fe

and —Fe agar medium. After 14 days they were pictured under UV light (362 nm).

For the quantification, around 30 390x and WT plants were grown for 10 days directly on %
liquid Hoagland (no sugar) supplied with or without Fe. 170 pl growth medium were transferred
to a half-area UV-Star and measured using the Tecan Infinite 200. The excitation and emission
of phenolic compounds have their maximum between 260- 330 and 360-426 respectively [161].
An emission spectrum between 325 and 600 nm with a fixed excitation of 280 was generated.
The highest emission was 400 nm. Next, an excitation spectrum between 250 and 400 was gen-
erated with a fixed emission of 400 nm. The highest excitation was 300 nm. At last, once again
the emission between 360 and 500 was measured with fixed excitation of 300 nm. The data was
normalized to the number of plants. It was not possible to measure the plant weight or root

length because of the small size of the plants.

3.2.12 Transcriptome analysis

In this work, the CATMA v6 microarrays was been used for comparative expression analysis. This
method allows the comparison of the transcriptome between two samples and yields gene ex-
pression ratios instead of absolute expression values. The CATMA v6.2 contains 30834 probes
that include mitochondrial and chloroplast genes, EUGENE software predictions, repeat ele-

ments, MiIRNA/MIR, other RNAs (rRNA, tRNA, snRNA, soRNA), duplicates and controls.

For the analysis of the transcriptome, 4 ug of total RNA (see 3.2.6) from 6 days-old WT and 390x
seedlings grown at 50 uM iron (+Fe) or 0 uM iron (-Fe) were processed by Stephanie Pateyron
and José Caius at The Transcriptomic Platform at INRA/CNRS - URGV, Evry, France. cDNA syn-
thesis, microarray hybridization, readout and data normalization have been performed accord-
ing to their protocols. Validation of the results was performed via RT-qPCR with the same RNA

(see 3.2.6).

For the Table 17, the differentially regulated genes in 390x +Fe vs. WT +Fe and 390x -Fe vs. WT
—Fe were compared to the robust Fe-regulated genes from [162] (without considering the fold

change). For Figure 21, the up and downregulated genes in 390x +Fe vs. WT +Fe and 390x —Fe



vs. WT —Fe were compared in a Venn Diagram (Venny 2.1 online tool) to find the genes differ-
entially regulated irrespectively of the iron supply in the growth medium. These 485 upregulated
and 321 downregulated genes were then compared to the robust Fe-deficiency regulated genes
from [162]. The 397 upregulated and 298 downregulated genes that were not Fe-deficiency reg-
ulated were used for the analysis with the microarray data from 3xbh/h [89]. The 19 contrary
regulated genes in 390x vs. WT +/-Fe (downregulated) and 3xbhlh (upregulated) were used for

the generation of a co-expression network (with the tool ATTED II).

GO analysis of the data of 390x +Fe vs. WT at +Fe (Figure 26 and Figure 29) was performed with
VirtualPlant and then represented with the REVIGO tool [163]. For the Table 20, genes from five
different expression data of plants treated with different stresses [164] were compared to the
regulation in WT —Fe vs. WT +Fe, fit +Fe vs. WT +Fe, fit —Fe vs. WT —Fe and 390x +Fe vs. WT +Fe.
This table serves only as a qualitative investigation because the data are from different experi-
ments. For each gene in each line, the percentages of the frequency in the five different stresses
were calculated. Genes that were not differentially regulated in one of the stresses were not
taken in account for the calculation. For the Figure 30, the differentially regulated genes in 390x
+Fe vs. WT +Fe were compared to the up and down regulated genes of plants treated with P.

simiae WCS417 [152)].

3.2.13 Chromatin immunoprecipitation (ChIP)

This method consists in the detection of specific DNA, which is associated with specific proteins.
These proteins can be, for instance, transcription factors or histone proteins. The detection of
this DNA isimportant to determine direct target genes of certain transcription factors, or histone
interaction for chromatin structure modifications [165]. The protocol used in this work was
taken from Kaufmann et al. (2010) [166] with some changes. A schematic overview of the

method is shown in Figure 11.



Materials and Methods

Figure 11: Schematic representation
of the ChIP. Around 5000 390x seeds
(100 mg) were sown on +Fe plates and
Day 0 grown for 14 days. The plant material
is first crosslinked, then the nuclei are
isolated and the chromatin sheared.
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Protocol
Day 1: Harvesting, crosslinking, grinding.

Around 5000 (~100 mg) 390x seeds were sown close together on Hoagland agar plates with iron
supply and grown for 14 days. The roots (0.9 g) and the shoots (4.5 g) were harvested separately

in ~ 23.5 ml cold MC buffer. The harvesting took no longer than 40 min (avoiding degradation).

1.5 ml of 16% formaldehyde were added to the samples to a final concentration of 1%. The
tissue was crosslinked under vacuum (~20 mbar) for 2x10 min. To stop the crosslinking, 2.5 ml

glycine stock solution were added and vacuum was applied for 2 more minutes.

The tissue was rinsed three times with each 25 ml MC buffer and subsequently dried in paper

towels (it is important to get out as much water as possible).

The tissue was shock frozen in liquid nitrogen and grinded with a mortar to a fine powder. It was

then transfer to a new 50 ml tube and stored at -80 °C.

Day 2: Lysis and nuclei isolation, chromatin shearing, immunoprecipitation, reverse crosslink-
ing.

All solutions were kept on ice. 20 ml of M1 buffer were added to the tissue powder. Then, it was
filtered through two layers of miracloth using a funnel into a new 50 ml tube. The previous tube

was rinsed with additional 5 ml M1 buffer to collect all the nuclei. The filtrate was centrifuged

20 min at 1000 G and 4°C.

The pellet was washed five times with 5 ml M2 buffer by centrifuging 10 min at 4°C and 1000 g

between washes (no shaking or vortexing). Then the pellet was washed once with M3 buffer.

After the washes, the pellet was resuspended in 1 mI MC puffer. The 1 ml sample was distributed

in three 1.5 ml tubes.

Using the Bioruptor® of Diagenode the samples were sonicated three times 5 min (cooling the
water bath with some ice after every cycle). All the fractions were merged again to a one sample

in 1.5 ml tubes.

The sample was centrifuged at top speed for 10 min at 4°C and the supernatant was transferred

to a 2 ml tube. The centrifugation was repeated twice more.



Using the pipette, the total volume of the sample was determined and diluted with equal
amounts of IP buffer. 1:20 of the total volume was taken as an Input DNA and checked for son-

ication efficiency (see later).

For each sample (IgG control and HA-sample) 160 ul protein-A agarose beads were transferred
to a 1.5 ml low-adhesion tube and washed twice with 1 ml IP buffer (spin at 3.8000 g for 3 min).

The beads were resuspended with IP buffer in the initial volume (+50 pl).

80 pl of the beads were added to the sample and incubated for 1h at 4°C on a rotating wheel.

Subsequently the samples were centrifuged at 3.8000 g for 5 min at 4°C.

The supernatant was carefully transferred to a new 2 ml tube and spun again at 4°C for 10 min

at maximum speed.

The sample was divided in two equal parts into two 1.5 ml low-adhesion tubes. One served as

the non-specific antibody (IgG) and the other for the anti HA-antibody (specific).

3 ul antibody (~4 pg) antibody (IgG or anti HA) was added to each sample and incubated for 2h.
Then the samples were centrifuged at 160000 g for 5 min at 4°C and the supernatant was trans-

ferred to a new 1.5 ml tube.

40 pl of the washed beads were added to the each sample and incubated for 1h at 4°C on a

rotating wheel.

The samples were centrifuged for 5 min at 3800 g at 4°C. The supernatant was removed and

discarded without disturbing the beads pellet.

The beads were washed five times with 1 ml IP buffer for 8 min on a rotating wheel at room
temperature. Between the washes, the beads were pelleted by 2 min centrifugation at 3800 g

at room temperature.

The protein-DNA complex was eluted from the beads by adding 100 pl cold elution buffer and
incubated 5 min at 37°C and 1 min additionally with vigorous shaking. The elution was repeated
twice and 50 pl of 1M Tris pH 9 were added after every elution (end volume 450 pl per sample)

to neutralize the solution.

The samples were centrifuged and transferred to a new 2 ml tube to remove the remaining

beads.



The Input DNA was filled up to 450 ul with TE buffer. 20 ul of a 5 M NaCl stock solution were

added to the samples and Input DNA and incubated overnight at 65°C.
Day 3: DNA precipitation, DNA isolation, qPCR.

56.25 ul of a 4 mg/ml Proteinase K stock solution were added to the samples and Input DNA.

Then the samples were incubated 1h at 65°C.

The DNA was precipitated by adding 2.5 vol of 100% ethanol, 1/10 vol 3M NaAC and 1 pl glyco-
gen and incubated 2h at -80°C.

The samples were centrifuged for 30 min at maximum speed at 4°C. The supernatant was re-

moved and resuspended in 100 pl miliQ water after the DNA was dried.

The DNA was further purified using Qiagen PCR purification columns and eluted with 35 pl (low

adhesion tubes).

The DNA of the samples were diluted 1:10 and the DNA of the Input 1:100. 10 pl of diluted DNA
was used for qPCR. The program used was the same as in 3.2.6 (Quantitative Real-Time PCR).
However, the first denaturation was extended to 7 min and the annealing temperature adjusted
to 52°C. Additionally, the primer concentration was increased from 0.15 uM to 0.5 uM end con-

centration.

3.2.13.1 Primer design for ChIP

Transcription factors bind to specific DNA motives on the promoter region. bHLH TF bind to the
E-boxes (5’-CANNTG-3’) and the palindromic G-boxes (5-CACGTG-3’) [67]. First, the E- and G-
boxes have to be determined. The primers for the gPCR were designed surrounding these re-
gions and they yielded a fragment of around 50-80 bp.

Figure 12 shows a schematic representation of the promoters of interest (PI) FIT, FRO2, IRT1,
At39g12900, At3g07720 and At3g58810 2000 bp upstream from the start codon. Below every
representation are found the qPCR products with the corresponding E- and G-boxes.
Additionally, the amplification of a negative control gene is necessary for the calculation. Here
were used primers for the genomic sequence of the elongation factor Ef1Balpha2 (Efg), which is

not supposed to be targeted of the investigated protein.



Moreover, both the target and the control gene regions were verified in the sample with the

HA-antibodies and in the control sample with IgG-antibodies.
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3.2.13.2 Analysis of ChIP-qPCR

The analysis was performed using the AACt method. To this end, the Ct values of the Efg control
gene was subtracted from the Ct of each specific promoter of interest (Pl). This correspond to
the ACt value. Subsequently, the ACt of the anti-HA sample was subtracted from the ACt value
of the IgG-sample, which correspond to the AACt value. The negative AACt value was set to the
power of 2 (primer efficiency). The last value is the ChIP fold enrichment (example in Table 16).
The ChIP fold enrichment of all the Pls were represented in a bar diagram (see 4.3). It is im-
portant to compare the Ct value of all PIs from the Input to ensure that the primers worked well.

They should have a difference of no more than +/- 2 cycle.
Table 16: Calculation of the Z'MC'. First, the Ct values of Pl and Efg are subtracted (ACt). The ACt values of the
HA-sample and the IgG-control are subtracted as well (AACt). The fold enrichment is calculated by the 2 to the
power of —AACt. Pl= Promoter of interest, HA= Hemagglutinin tag, Ef= Elongation factor

ct ACt AACt 2 M
Ctp — Ctgy, ACtya— ACtg Fold enrichment
HA-PI 31 31-34=-3 -3-(-1)=-2 2 =g
HA-Ef 34
IgG-PI 35 35-36=-1
IgG-Ef 36

3.2.14 Inoculation of 390x and WT plants with Pseudomonas syringae pv. maculicola

This experiment was performed in the lab of Prof. Dr. Jiirgen Zeier (Diisseldorf University). 390x
and WT plants were grown for 6 weeks on mixture of soil, vermiculite and sand (3:1:1) with a Sh
day/15h night with 70umolm™s™" light intensity. Three leaves of 6 Plants in three biological rep-
licates (18 plants per biological replicate) were inoculated with Pseudomonas syringae pv. mac-
ulicola of the strain ES4326 (Psm). This strain contains a photorhabdus luminescens luxCDABE
operon under the control of a constitutive kanamycin promoter, which allows the monitoring of
the bacterial vitality. The bacteria were grown overnight in Kings B medium containing the ap-
propriate antibiotics. The culture was pelleted and washed three times with 10 mM MgCl, solu-
tion and diluted to a 0.01 OD for inoculation. Using a needleless syringe the bacterial and a MgCl,
solution (mock control) were pressure-infiltrated to the abaxial side of the leaves (Prof. Jirgen
Zeier, unpublished, [167]). After 2 days of inoculation, a leave disc was punched out and using
the Sirius L Tube Luminometer the fluorescence was measured. The background (mock treat-
ment) was subtracted and normalized to the surface of the leave disc. Then the mean of the 6
biological and the tree leaves was calculated and represented in a bar diagram. The vitality of

the bacteria is inversely proportional to the resistance of the plant.



4 Results

4.1 The iron-uptake regulation in 390x plants

Stable transgenic lines overexpressing the transcription factor bHLH039 were previously gener-
ated in our group by cloning the genomic BHLH039 gene behind the 2xCAMV35S promotor and
tagged with 3xhemagglutinin (HA) [156]. Four independent lines were selected, which showed
stronger activation of the Fe-deficiency responses than the WT at +Fe conditions [156]. This was
a promising line for further investigation of the regulation of the iron homeostasis. The line
JM78-5 was then selected for further physiological and molecular analysis with 6 days-old 390x

seedling. This line was named 390x.

Root length and reductase activity were investigated. As expected, the 6 days-old 390x seedlings
showed significantly shorter roots at both +Fe and —Fe compared to the WT (Figure 13 A, B). The
Fe reductase activity in the WT increased when grown on iron deficient media (Figure 13 C, D).
In 390x seedlings, the activity was eightfold higher at +Fe compared to the WT. However, at —

Fe the reductase activity of 390x seedlings was comparable to that of WT (Figure 13 C, D).

Figure 13: Phenotype of 390x plants com-
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We know that 390x shoots and roots contain high amounts of Fe [156]. Hence, the iron in these
plants was visualized using the Pearl stain. Figure 14 shows the distribution of iron in 6 days-old

390x (A) and WT (B) seedlings grown at +Fe conditions. In WT seedlings, Fe accumulates only in



the upper part of the root; the content in the rest of the root is probably too low for the detec-
tion. In 390x seedlings, the iron accumulates along the whole root and in substantially higher
amounts. In the cotyledons of the WT, the Fe is poorly visible whereas in those of 390k, it formed

a strong dark coloration, which confirms the high Fe content shown before.

A B

Figure 14: Perl’s Prussian blue stain for the localization of Fe in 390x seedlings. 6 days-old seedlings were grown at +Fe condi-
tions. The plants were incubated for 1.5h under vacuum (500mbar) in 1ml fixation solution. Subsequently, the seedlings were
washed and incubated in 1 ml pre-warmed stain solution for 30 min under vacuum. Finally, the seedlings were dehydrated with
an ethanol dilution series.

These analyses showed increased iron content and physiological response of 390x seedlings to
iron deficiency. Next, the gene expression of the Fe-uptake genes was verified. In the WT, the
gene expression of the master regulator (FIT), the Fe transporter (/RT1) the Fe reductase (FRO2)
and the BHLH039 were typically increased at —Fe conditions compared to +Fe conditions. How-
ever, Fe-deficiency did not affect the expression of these genes in 390x seedlings. By comparing
the expression in the two lines, it is clearly visible that all these genes are strong upregulated at
+Fe and —Fe in 390x seedling. Nevertheless, the levels at —Fe in both lines are more or less the

same (Figure 15).

HWT m3950x Figure 15: Gene expression analysis of iron marker genes in

1E+06 - c c WT and 390x seedlings. Seeds were germinated and grown
C b d for 6 days directly on +Fe of -Fe Hoagland medium. Whole

1E+05 - b b b b seedlings were harvested and processed for RT-gPCR. The

statistical significance was calculated with the Anova test and
Tukey correction. Different letters indicate statistically signif-
icant differences (p < 0.05, n=3)
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Fe is a necessary element for the surviving of the organisms. However, when it over accumu-
lates, it can trigger oxidative stress causing damages in tissues [124-126]. Roots and cotyledons
of 390x seedlings contain high amounts of iron that most probably leads to a high production
of reactive oxygen species. Fe is able to catalyze the production of hydroxyl radicals in a two
steps reaction called the Haber—Weiss reaction. Fe** first oxidizes the superoxide anion to oxy-
gen and is reduced itself to Fe®". Then, Fe®" is oxidized back to Fe** in a Fenton reaction, which

catalyzes the split of H,0;, and the formation of a hydroxyl radical and a hydroxide ion [124-126].

390x plants showed indeed indication of an oxidative stress. Figure 16 A shows clearly the violet
coloration (black arrowheads) of the 390x hypocotyl at both +Fe and —Fe while in the WT this
coloration is almost not visible. Violet coloration is a sight of high anthocyanin content. Antho-
cyanin accumulates in plants exposed to environmental stress such as high light, drought, high
metals etc. Quantification of the anthocyanin content in 390x and WT seedlings showed almost
threefold higher content in 390x seedlings grown at +Fe. WT seedlings grown at +Fe and —Fe as
well as 390x grown at —Fe had lower levels of anthocyanin (Figure 16 B). These indications were
confirmed by the measurement of the hydrogen peroxide H,0, content in 390x and WT seed-
lings. The H,0, concentration sank in 390x and WT seedlings grown in —Fe media compared to
+Fe. However, 390x seedlings showed around twofold and fivefold more H,0, at +Fe and —Fe

respectively, compared to the WT (Figure 16 C).
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Figure 16: Anthocyanin and hydrogen peroxide content in 390x and WT seedlings. Seeds were sterilized and grown for 6 days
directly at +Fe or —Fe on Hoagland agar plates. (A) Localization of the anthocyanin in the hypocotyl (Bar = 1 mm). (B) Photometric
measurement of the anthocyanin content. (C) Hydrogen peroxide content in seedlings. The statistical significance was calculated
with the Anova test and Tukey correction. Different letters indicate statistically significant differences (p < 0.05, n=3)



Previous works [82] showed that the overexpression of the single BHLHO38 and BHLH039 did
not show similar phenotype and physiological response as 390x plants from our lab. The reason
might be that DNA is present either as tightly or as lightly packed chromatin and is called heter-
ochromatin and euchromatin respectively. In heterochromatin, DNA is hardly accessible and an
insert located there could be silenced. On the other hand, when the insert is in the transcription
active euchromatin, the expression of this gene might be stronger. The BHLH039 insert is located
near to the GIP1 genes, which encodes a small (71 amino acids) gamma-tubulin complex protein.
It is constitutively expressed and is involved in gamma-tubulin complex localization, spindle sta-
bility and chromosomal segregation. GIP1 shares 72% homology with the GIP2 gene. Single mu-
tants of this GIPs showed the same phenotype as the WT, suggesting a functional redundancy
[168]. We can conclude that the insertion of 2xCAMV35S::HA3-gBHLH039 has no impact on the
spindle stability. Additionally, one can say that GIP1 counts as a housekeeping gene and the
chromatin in this region is probably very accessible for transcription. This might be the reason
why 390x plants showed this kind of phenotype, and physiological response compared to the
overexpressed BHLH039 of other works [82].

Taken together, these experiments confirmed that the Fe-uptake in 6 days-old seedlings was
strongly activated at the gene expression and physiological level causing high Fe accumulation
in shoots and roots. This high Fe accumulation leads to oxidative stress in 390x seedlings, which

is displayed in the violet coloration of anthocyanin.

4.1.1 The overexpression of bHLH039 has no impact without FIT

The appropriate Fe-uptake regulation is of great importance for plants. The interplay of tran-
scriptions factors, protein regulation and gene expression is crucial for the proper regulation.
FIT is the master regulator of the iron uptake. It interacts with the four bHLH proteins of the
subgroup Ib to activate the gene expression of IRT1 and FRO2 [82]. FIT is expressed in lower
amounts compared to its interactors and its downstream genes. On the one hand, the absence
of FIT in the fit mutants leads to chlorosis and lethality [80]. On the other hand, its overexpres-
sion alone does not lead to an intensification of the Fe-uptake [80, 82]. As shown before, the
overexpression of bHLHO39 leads to the activation of the iron uptake genes FIT, IRT1 and FRO2

at Fe sufficient conditions. To verify whether bHLHO39 is able to activate these genes without



the presence of FIT, 390x plants were crossed with fit mutant plants. 390x plants carrying this
mutation in the background had the same phenotype as fit mutants. They were chlorotic (Figure
17 A), had longer roots (Figure 17 B) and the Fe reductase activity was reduced (Figure 17 C)

compared to single 390x seedlings.

Figure 17: Physiological analysis of WT, fit-3
A 390x/fit and 390x plants. Plants were grown
for 6 days in Hoagland agar plates at +Fe or —
Fe. (A) The plants were pictured and (B) the
root length was determined using Jmicro-
vision (n=20). (C) Iron reductase activity (n=4).
The statistical significance was calculated with
the Anova test and Tukey correction. Different
letters indicate statistically significant differ-
ences (p < 0.05)
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In 390x/fit seedlings, the genes FIT, FRO2 and IRT1 had the same response as fit, even though
bHLHO39 is expressed just as in 390x. This means that these genes were not upregulated upon
Fe deficiency and the gene expression level were significantly lower compared to the WT and
390x (rigure 18 A). We were concerned if the bHLHO39 protein stability was affected by the ab-
sence of FIT. Therefore, we verified by immunoblot whether the protein amount in 390x/fit is
reduced compared to 390x. Figure 18 B and C shows that in 390x plant the protein amount did
not change under +Fe nor —Fe condition. The same occurred by 390x/fit seedlings. The bHLH039
protein stability was not affected either by the fit background. These results suggest that 390x

phenotype is dependent of the FIT protein activity.



Figure 18: Gene expression and protein analysis
of WT, 390x and 390x/fit seedlings. Seeds were
germinated and grown for 6 days directly on +Fe
of -Fe Hoagland medium. Whole seedlings were
harvested and processed for (A) RT-qPCR of FIT,
FRO2, IRT1 and BHLH039. (B) Immunoblot with
anti-HA antibodies and anti-Actin for the back-
ground control. Arrowheads indicate the HAs;-
bHLHO39 (36 kDa) and actin (45 kDa) protein (C)
Quantification of the bands from the immunoblot
in (B). The statistical significance was calculated
with the Anova test and Tukey correction. Differ-
w ent letters indicate statistically significant differ-
ences (p < 0.05, n=3)
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Yuan et al. 2008 [82] showed that the overexpression of FIT together with BHLHO38 or BHLHO39
leads to an enhanced expression of IRT1 and FROZ2 as well as a Fe reductase activity. To verify
whether the overexpression of FIT in 390x plants changes the iron deficiency responses com-
pared to single 390x, 390x plants were crossed with HA3-FIT and HA;-FIT plants from Meiser et
al. 2011 [105]. HAs-FIT plants showed a substantially lower FIT, IRT1 and FRO2 gene expression
as HA;-FIT plants at +Fe and at -Fe [169]. This is because the HA3-FIT insertion might be located
in an inactive DNA region. On the other hand, the HA;-FIT insert is located upstream of the TRI-
CHOME BIREFRINGENCE-LIKE 14 (TBL14, AT5G64020). This protein belongs to the TBL gene fam-
ily that is involved in the biosynthesis of cellulose, thus it is probably expressed constantly. Since
the insert with the construct 2xCAMV35S::HA,-FIT is directly behind these genes, it is most likely

more strongly expressed.

The overexpression of HA3-FIT in 390x plants (390x/HA;-FIT) caused different phenotype, phys-
iological response and gene expression compared to the single 390x and HAs-FIT plants. Com-
pared to 390x plants, they showed longer roots (Figure 19 A, B), slight (but not statistical signif-
icant) reduction of the Fe reductase activity (Figure 19 C) and IRT1 and FRO2 gene expression
(Figure 19 D) at +Fe and at —Fe. On the other hand, these responses are enhanced compared to

the WT and single HA3-FIT.
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Figure 19: Genetic and physiological analysis of 390x/HA;-FIT, 390x, HA;-FIT and WT plants. Plants were grown for 6 days in
Hoagland agar plates at +Fe or —Fe. (A) The plants were pictured and (B) the root length was determined using Jmicrovision
(n=20). (C) Iron reductase activity (n=4). (D) Gene expression of FIT, FRO2 and IRT1 (n=3). The statistical significance was calcu-
lated with the Anova test and Tukey correction. Different letters indicate statistically significant differences (p < 0.05)

Furthermore, the crossing 390x/HA;-FIT showed a lethal phenotype at both +Fe and —Fe condi-
tions. It was not possible to grow the plants for further physiological and molecular investiga-
tions. Attempts to rescue the plants by adding less iron or Ferrozin were not successful either

(not shown). These plants might be intoxicated to such extent that they are not able to survive.

+Fe -Fe Figure 20: Crossing of 390x plants with the strong
overexpressing HA;-FIT line. Plants were grown for 14
days on agar medium with and without Fe. The plants
germinated but were not able to survive.

These results showed that, without FIT, the iron uptake was not switched on, although bHLH039
is excessively expressed. Consequently, the plants suffered on iron deficiency as fit plants did.
The moderated overexpression of FIT did not lead to any enhancing of the iron deficiency re-

sponse compared to the single 390x. This could mean that the amount of FIT in 390x plants is
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sufficient in these responses. On the other hand, strong overexpression of FIT in 390x plants
probably activates and stabilizes the iron uptake to such an extent that IRT1 protein uptakes
high amounts of other metals. It is known that IRT1 is a divalent metal transporter as well as a
heavy metal transporter and is able to uptake metals such as zinc, manganese, cobalt, and cad-
mium [170]. In this case, the plants would be poisoned with the amount of toxic metals and are

not able to develop normally.

4.2 Transcriptome analysis of 390x seedlings.

4.2.1 FIT- and Fe-dependent response in 390x seedling

bHLHO39 is a FIT-independent Fe-deficiency responsive gene [86]. It is co-regulated together
with other FIT-independent genes such as PYE, BTS, and NAS4 [90-92]. To observe eventual
changes in this co-regulatory network by the overexpression of bHLH039, a complete Arabidop-
sis Transcriptome MicroArray v6 (CATMA) analysis was performed. This method was chosen due
to the direct comparison of the gene expression between too samples, here 390x vs. WT, which
yields ratios between the two samples and no absolute values. The plant material selected was
6 days-old seedlings grown directly at +Fe and —Fe because several microarrays were available

with this grow conditions [89, 162].

A total of 3745 genes were differentially regulated compared to the WT at +Fe conditions. From
those, 1959 were upregulated and 1786 downregulated. At —Fe conditions 1466 were regulated,
814 were upregulated and 652 downregulated. Previous studies defined 34 robust FIT-regulated
genes [79, 162]. 32 of these genes appeared to be positively (red cells) regulated by FIT and two
negatively (green cells) regulated. These robust FIT-regulated genes were regulated in a similar

manner in 390x plants compared to WT at +Fe and -Fe conditions (Table 17).



Results

Table 17: List of the 34 FIT-regulated genes [79, 162] in 390x. Comparison of the FIT-regulated genes with 390x +Fe vs. WT +Fe
and 390x -Fe vs. WT —Fe.

Blef|ed

Annotation AGI HEREIEE

S| R4 Ag
FERRIC REDUCTION OXIDASE 2 (FRO2) AT1G01580
GERMIN-LIKE PROTEIN 5 (GLP5) AT1G09560
COBRA-LIKE PROTEIN 6 PRECURSOR (COBL6) AT1G09790
SCR-LIKE 28 (SCRL28) AT1G14182
Glucose-methanol-choline (GMC) oxidoreductase family protein AT1G14185
PHOSPHORIBOSYL PYROPHOSPHATE (PRPP) SYNTHASE 2 (PRS2) AT1G32380
GENERAL REGULATORY FACTOR 11 (GRF11) AT1G34760
unknown protein AT1G53635
unknown protein AT1G73120
PURPLE ACID PHOSPHATASE 7 (PAP7) AT2G01880
RING/U-box superfamily protein AT2G20030
unknown protein AT2G35850
unknown protein AT3G06890
Galactose oxidase/kelch repeat superfamily protein AT3G07720
2-oxoglutarate (20G) and Fe(ll)-dependent oxygenase superfamily protein AT3G12900
COPPER TRANSPORTER 2 (COPT2) AT3G46900
UDP-GLUCOSYL TRANSFERASE 72E1 (UGT72E1) AT3G50740
ATP-BINDING CASSETTE G37 (ABCG37) AT3G53480
Cation efflux family protein AT3G58060
METAL TOLERANCE PROTEIN A2 (MTPA2) AT3G58810
unknown protein AT3G61410
unknown protein AT3G61930
RING/U-box superfamily protein AT4G09110
SBP (S-ribonuclease binding protein) family protein AT4G17680
IRON REGULATED TRANSPORTER 2 (IRT2) AT4G19680
IRON-REGULATED TRANSPORTER 1 (IRT1) AT4G19690
IRON REGULATED 2 (IREG2) AT5G03570
Encodes a putative amino acid transporter AT5G38820
ZINC TRANSPORTER 8 PRECURSOR (ZIP8) AT5G45105
Protein of unknown function. DUF599 AT5G46060

IAA CARBOXYLMETHYLTRANSFERASE 1 (IAMT1) AT5G55250
NAD(P)-linked oxidoreductase superfamily protein AT5G62420
ZRT/IRT-LIKE PROTEIN 2 (ZIP2) AT5G59520
SERINE CARBOXYPEPTIDASE-LIKE 31 (scpl31) AT1G11080 |

Some genes showed no differential expression (grey cells) or downregulation at —Fe. The reason
is that the difference between the gene expression in the WT and 390x plants is less significant
at —Fe than at +Fe. At +Fe, almost all the Fe-robust genes were regulated in the same manner.
The two exceptions were AT5G55250 and AT5G62420. The first gene is a carboxyl methyltrans-
ferase that is able to methylate indole-3-acetic acid (IAA) to methyl-IAA. The second gene is
predicted to have oxidoreductase activity but is not well characterized. These genes are not re-
ported to be Fe- or FIT-regulated [162]. Unfortunately, they were not further characterized and

a further functionality analysis was not possible.
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An analysis of arrays from 14 different iron-response experiments led to the identification of
598 robust Fe-regulated genes (437 upregulated, 161 downregulated) [162]. To identify genes
that are differentially regulated in 390x vs. WT, irrespectively of the Fe-supply in the experi-
mental setup, a pairwise comparison with the genes of 390x vs. WT at +Fe and —Fe was per-
formed. The Venn diagram in Figure 21 shows the intersections of the differentially regulated
genes in 390x vs. WT at +Fe and —Fe conditions. 806 genes (485 upregulated and 321 downreg-
ulated) were differentially expressed in 390x at both +Fe and —Fe. 44 genes were upregulated
at +Fe but downregulated at —Fe and 48 genes were upregulated at —Fe and downregulated at

+Fe (Figure 21).

Up 390x vs. WT +Fe Up 390x vs. WT -Fe Figure 21: Venn diagram of the differentially reg-
ulated genes in 390x vs. WT at +Fe and —Fe con-
ditions. Upregulated and downregulated genes of
390x at +Fe were compared to the —Fe. 485 genes
were upregulated, 321 downregulated and 92 op-
positely regulated in both Fe conditions.

Down 390x vs. WT -Fe Down 390x vs. WT +Fe

As expected, among the 485 upregulated genes, were involved genes that take part in the Fe
uptake into the roots such IRT1 and FRO2 but also genes coding for the YSL1 and YSL3. Since,
these two proteins are homologous to the maize phytosiderophore transporter (YS1), they are
predicted to transport metal-nicotianamine complexes into cells and are induced by Fe [35, 51].
These transporters mediate the transport of Fe-NA from the vascular tissues to the seeds. Pre-
vious analysis in ys/1ys/3 double mutant showed that the seed accumulate lower levels of Fe, Zn
and Cu than WT seeds [54]. We verified whether the high expression of the YSL1 and YSL3 genes
in 390x seedling led to a discrepancy in the metal content of 390x seeds. For that purpose, we
measured the content of Fe, Zn, Mn and Cu in WT, fit and 390x seeds. fit mutant seeds has a
lower Fe, Mn and Cu content compared to WT seeds. However, the Fe content in 390x seeds is
twice higher than in WT seeds (Figure 22). The content of Mn, but not Zn and Cu, was slightly

higher in 390x seeds than in WT seeds as well. These results confirm that YSL1 and YSL3 are



capable to load Fe into the seeds and that the higher expression of these genes increases the

efficiency.

Figure 22: Metal content in WT, fit and
200 1 BMWT J4fit M 390x 390x seeds. The statistical significance
was calculated with the Anova test and
Tukey correction. Different letters indi-
cate statistically significant differences (p
<0.05, n=3).

metal content [ug*g™' DW]

The 806 genes (red highlighted in Figure 21) regulated in 390x vs. WT at +/-Fe, were used to
compare to the robust Fe-deficiency regulated genes from [162]. A total of 112 robust Fe-defi-
ciency regulated genes were regulated in 390x seedling. 84 of these genes were regulated in
the same manner as in the WT and 28 genes oppositely. The remaining 695 genes are probably
regulated due to the overexpression of BHLHO39 rather than to the iron condition. These genes

were analyzed later.

Up 390x +/-Fe Down 390x +/-Fe Figure 23: Vefm diagram of the up and downregulatele
genes from Figure 21 compared to the robust Fe-defi-
ciency up and down regulated genes. The 806 differen-
tially regulated genes in 390x +/-Fe were compared to the
robust Fe-deficiency regulated genes from [162]. 75 genes
are upregulated, 9 genes downregulated and 28 oppo-
sitely regulated.

WT up Fe-deficiency WT down Fe-deficiency
regulated regulated

Among the 75 genes upregulated in 390x +/-Fe and in the WT, were typical Fe-deficiency re-
sponse genes such as the AT3g07720, MTPA2, IRT1, F6'H1 and CYP82C4. 14 of the genes down-
regulated in the WT were upregulated in 390x +/-Fe. These genes were FER1, FER4, ASCORBATE
PEROXIDASE1 (APX1), two genes involved in pathogen response (MEE14 and APRR5), two genes
coding for heat shock proteins (AT5G23240 and AT1G56300) and seven genes with unknown



function (Table 18 A). It is not surprising that genes for ferritin and ascorbate peroxidase were
upregulated in 390x seedlings because the Fe content in these plants is elevated and ferritin
binds the excess of Fe while the ascorbate peroxidase scavenges the hydrogen peroxide. 14
genes were downregulated in 390x but upregulated in the WT. Among them were included two
oligopeptide transporters (OPT3 and AT3G01350), the NAS4 gene, two genes with metal binding
properties (AT5G45340 and AT1G43800), one gene involved in the regulation of light responses

as well as eight unknown proteins (Table 18 B).

Table 18: Oppositely regulated genes in 390x +/-Fe and WT-Fe. (A) List of genes upregulated in 390x+/-Fe and downregulated
in WT. (B) List of genes downregulated in 390x upregulated in WT-Fe.

A B
Up 390x+/-Fe — Down WT-Fe Down 390x+/-Fe - Up WT-Fe
AGI Annotation AGI Annotation
AT5G01600 | ATFER1 ATAG16370 | ATOPT3 (OLIGOPEPTIDE TRANSPORTER);
AT2G40300 | ATFER4 AT3G01350 | Oliogopeptide transport
AT1G07890 | APX1 AT1G56430 | NAS4
AT2G15890 | MEE14 AT5G45340 | CYP707A3
AT5G24470 | APRR5 AT1G43800 | FLORAL TRANSITION AT THE MERISTEM1
AT5G23240 | DNAIJ heat shock protein AT3G22840 | ELIP1 (EARLY LIGHT-INDUCABLE PROTEIN)
AT1G56300 | DNAJ heat shock protein AT2G43620 | Chitinase
AT3G26740 | CCL (CCR-LIKE) AT4G36700 | Cupin family protein
AT3G49160 | Pyruvate kinase family protein AT5G05250 | Unknown protein
AT2G39920 | Subfamily IlIB acid phosphatase AT5G67370 | Unknown protein
AT3G62550 | USP family protein AT2G27402 | Unknown protein
AT5G40510 | Unknown protein AT1G47400 | Unknown protein
AT5G45410 | Unknown protein AT3G56360 | Unknown protein
AT3G10020 | Unknown protein AT1G48300 | Unknown protein

The remaining 695 (397 upregulated and 298 downregulated Figure 23) genes were used to

determine direct putative genes downstream of the transcription factor bHLH039.

4.2.2 Quest of bHLH039-dependent genes

The triple mutant 3xbhlh (bhlh039, bhlh100, bhlh101) expresses only one of the bHLH TF of the
subgroup Ib, namely the BHLH038. 3xbhlh triple mutant plants did not show any iron-deficiency
phenotype when grown at +Fe conditions. However, at —Fe conditions the plants suffered
stronger leaf chlorosis than the WT [89]. Microarray analysis of this triple mutant revealed that

only 29 Fe-regulated genes were differentially expressed compared to the WT. 24 of these genes



were less strongly expressed than in the WT and five genes were oppositely regulated. These
five genes were the genes encoding for a putative Kelch-repeat protein (At3g07720), an oxidore-
ductase gene (At3g12900), the CYP82C4 (At4g31940) the MTPA2 (At3g58810) and the PPC1
(At1g53310). [89].

The 695 genes differentially regulated in the 390x +/-Fe from the previous analysis (Figure 23)
were then compared with the differentially regulated genes in the 3xbhlh vs. WT at —Fe (group

I and Il from [89]). The 29 genes of the intersection are represented in Table 19.

Table 19: Genes differentially regulated in 390x and 3xbhlh mutant seedlings. Red means upregulated, green downregulated.
Genes marked with (*) cluster together in a co-regulatory network and genes marked with (**) have common GO terms.

£ s

Annotation AGI VI

2 |35
cytochrome b6f complex subunit AT2G26500
ATNRT2.6; nitrate transporter AT3G45060
QQS, QUA-QUINE STARCH AT3G30720
meprin and TRAF homology domain-containing protein AT4G01390
S-adenosyl-L-methionine:carboxyl methyltransferase family protein AT1G15125
unknown protein AT1G21670
GRP17 AT5G07530
copper amine oxidase AT3G43670
unknown protein AT5G03545
zinc finger (B-box Type) family protein AT5G482 50
dynein light chain AT4G27360
zinc finger (B-box Type) family protein AT4G38960
unknown protein AT4G15430
LHY (LATE ELONGATED HYPOCOTYL) AT1G01060
Dof-Type zinc finger domain-containing protein AT1G69570
unknown protein AT3G54500
unknown protein AT2G37720
RPT2 (ROOT PHOTOTROPISM 2) AT2G30520
CCA1 (CIRCADIAN CLOCK ASSOCIATED 1) AT2G46830
zinc finger (B-box Type) family protein AT2G21320
STH (salt tolerance homologue), zinc ion binding AT2G31380
THI2 (THIONIN 2); Toxin receptor binding AT5G36910
zinc finger (B-box Type) family protein AT3G21890
glutaredoxin family protein AT1G64500
DNA binding, zinc ion bindig AT4G15248
ATTIP2; water channel AT5G47450
unknown protein AT4G24700
unknown protein AT2G15020
2S albumin storage protein / NWMU2-2S albumin 2 AT4G27150

The differential regulated genes in 390x at +Fe and —Fe from Figure 23 were compared to the genes
differentially regulated at —Fe in th3 3xbhl/h mutant (group | and Il of [89]).

The first three genes are downregulated in 3xbh/h mutants as well as in the 390x. The cyto-
chrome b6f complex (AT2G26500) and the nitrate transporter (AT3G45060) are specifically lo-

cated in the chloroplast, and the QQS (AT3G30720) is found, in general, in the over ground parts



of the plant. bHLH100 and bHLH101 are probably positive regulators of these genes. The
BHLH100 and BHLH101 genes were strongly downregulated in roots and shoots of 390x plants
compared to the WT (Figure 24) and knocked out in the 3xbhlh [89].
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Figure 24: Gene expression analysis of the Ib subgroup bHLH TF in WT and 390x seedlings. Seeds were germinated and grown
for 14 days on +Fe then transferred for 3 days to +Fe or -Fe Hoagland agar medium. Roots and shoots were harvested separately
and processed for RT-qPCR. The statistical significance was calculated with the Anova test and Tukey correction. Different letters
indicate statistically significant differences (p < 0.05, n=3)

Seven of the 29 genes were upregulated in the 390x and downregulated in the 3xbhl/h. These
genes are most probably activated by bHLH039. The remaining 19 genes are downregulated in

the 390x and upregulated in the 3xbhl/h, which means that they might be repressed by bHLH039.

The most bHLH039-repressed genes were found together in a co-regulatory network (* in Table
19). Eight of the genes of this network (** in Table 19) have common functions (GO terms),
which are listed in Figure 25. There are six genes coding for transcription factors (octagon), one

with transcription factor activity (STH) and one signal transduction gene (RPT2).
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These genes formed four main groups with similar functions. In the first group are mostly TF
related to the transcription activity and regulation. The second group comprises only two genes
associated with the changes of rhythm and the clock. The third group consists in five zinc-finger
proteins and one related with salt tolerance. The last group contains genes involved in the re-

sponse to light and abiotic stimulus.

In the first and second group are the LATE ELONGATED HYPOCOTYL (LHY) and CIRCADIAN CLOCK
ASSOCIATED 1 (CCA1), which are redundant morning expressed Myb transcription factors. They
play a very important role in the regulation of the circadian clock [171]. They bind directly to the
promoter and regulate negatively the evening component so-called oscillator gene TIMING OF
CAB EXPRESSION 1 (TOC1) [171, 172]. In turn, TOC1 binds to the promoters of CCA1 and LHY and
regulates them positively, thus forming a regulatory loop mechanism [172, 173]. Studies showed
that deficiency of iron, but not of any other nutrient, prolongs the circadian period of the oscil-

lating genes. Additionally, they showed that the irt1 and fit1-2 mutant had longer periods, which



could be regularized with the supplementation of Fe [174, 175]. Moreover, in 390x plants, TOC1
is 1.6-fold upregulated while LHY/CCA1 2.7/2.2 fold downregulated. Research also indicated that
the simple overexpression of TOC1 does not cause an upregulation of the CCA1 and LHY genes
[172, 173]. This would mean that bHLHO39, when overexpressed, might interplay with all these

three genes or proteins to change rhythm periods in seedlings.

In the third group are five genes coding for B-box type zinc finger (BBX) family proteins
(AT2G31380, AT2G21320, AT4G15248, AT3G21890, and AT4G38960) and for one Dof-type zinc
finger DNA-binding family protein (AT1G69570). Zinc finger proteins are a large family of pro-
teins involved in many developmental processes. They are divided in three major groups de-
pending on their ability to bind DNA, as in the case of Dof zinc-finger transcription factors, RNA
like microRNA processing factors, and protein such as the B-box zinc finger proteins [176]. BBX19
(AT4G38960) is reported to be important for the controlling of the flowering time. Downregula-
tion of BBX19 leads to an acceleration of the flowering in Arabidopsis [177]. BBX25 (AT2G31380)
regulates the seedlings photomorphogenesis negatively and the deetiolation process positively.
The other four genes are not well described but they are also related to phototropism, flowering

and circadian rhythm (Tair.org).

The last group contains four genes, two are LHY and CCA, which were in the third group, one of
the BBX genes (AT3G21890) and one gene called ROOT PHOTOTROPISM2 (RPT2, AT2G30520).
RPT2 together with NPH3 are photoreceptors, which induce the phototropic response [178,
179]. The gene coding for NPH3 is not differentially regulated in 390x plants but is around two-
fold downregulated at +Fe and —Fe for RPT2. Downregulation of this gene causes retarded and

reduced responses to phototropism [178, 180].

Interestingly, one of the co-regulated genes included in the ATTED-Il tool was the gene
AT3g23210 coding for the bHLH034 (subgroup IVc) transcription factor. Previous reports indi-
cated that the interaction of this protein with bHLH104 (subgroup IVc) activates directly the
gene expression of the four bHLHs subgroup b BHLH038/039/100/101. Single bhlh034, bhlh104
mutants and the double mutants showed strong sensitivity in —Fe conditions and a down regu-
lation of additional iron homeostasis genes. In contrast, overexpression of either BHLH034 or
BHLH104 positively regulated the gene expression of the iron uptake genes IRT1 and FRO2 as
well as FIT, the four BHLHs, NAS2, NAS4, FRD3, OPT3 and PYE. The overexpression of these genes

led to a high Fe concentration in shoots and a visible phenotype, which is similar to 390x plants



[100]. Further investigations suggested that these two proteins are able to form homodimers
and heterodimers with each other and with a third player bHLH105 (ILR3, subgroup IVc) to reg-
ulate iron homeostasis [99, 100]. These results confirm that bHLHO39 acts downstream of these

other bHLH transcription factors in the regulation of iron homeostasis.

With these analyses, we concluded that the overexpression of bHLH039 might lead to a disorder
in the transcription of the circadian clock and light responsive genes causing disturbance in the

daily rhythm of the plants.

4.2.3 Stress responses are induced in 390x plants

The processes in which the products of genes are involved are of great importance for the in-
vestigation of misregulation of regulatory pathways in a certain plant line or growth condition.
Toward this end, the Gene Ontology (GO) can be determined. A GO analysis was hence per-
formed with the online tool VirtualPlant using the differentially expressed genes in 390x +Fe vs.
WT +Fe. The GO terms were then represented with the tool REVIGO. Figure 26 shows the GOs
clustered according to their semantic space This semantic similarity-based calculations remove

redundant GOs and summarize them in a scatterplot [163].

The upregulated genes of the 390x +Fe vs. WT +Fe conditions were used to determine the GOs
and generate a scatterplot (Figure 26 A). The most enriched GOs are highlighted in Figure 26 B.
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Figure 26: REVIGO representation of GOs from gens upregulated in 390x +Fe vs. WT +Fe. The GOs of the differentially regulated
genes from the microarray (390x +Fe vs. WT +Fe) were analyzed using the tool virtual plant. The GO numbers and the corre-
sponding p-Value were used to generate the scatterplot. The GOs are summarized and the redundant terms are removed. The
remaining terms are visualized in semantic similarity-based scatterplots. The size indicates the frequency of the GO term. The
colors indicate the log 10 of the p-Value. A) Scatterplot showing all the GOs corresponding to the upregulated genes at +Fe
conditions. B) Scatterplot of A with highlighted GO terms with the highest p-Values.



It is clearly visible that stress responses are upregulated in 390x compared to the WT. Several
GOs involved in the immune response are strongly enriched. Several WRKY, genes for disease
resistant proteins and PR genes but also iron homeostasis genes like IRT1, AT1G07720, MTPA2
and FER are included. It is known that pathogen response and Fe-homeostasis are tightly co-

regulated [152], thus it was not surprising to find GO of both biological functions.

Genes involved in the secondary metabolic processes are upregulated in 390x seedlings. It is
known that the excretion of phenolic compounds, for example scopoletin, enhances the iron
mobilization from the rhizosphere to the roots [30]. Scopoletin and scopolin, among other, are
products of the phenylpropanoid metabolism. This pathway starts with phenylalanine, passes
over p-Coumaroyl-CoA to Caffeoyl-CoA catalyzed by the enzyme C3’H (p-coumaroylshiki-
mate/quinate 30-Hydrolxylase). This is followed by the synthesis of Feruloyl-CoA by the enzyme
CCoAOMT (CAFFEOYL COENZYME A ESTER O-METHYLTRANSFERASE). From Feruloyl-CoA are
then synthetized lignin, scopoletin or scopolin, etc. [181]. This step is catalyzed by the 2-oxoglu-

tarate-dependent dioxygenase (F6'H1) [182].

In 390x plants at +Fe, some of the phenylpropanoid synthesis enzymes such as PAL1
(AT2G37040), ACL1 and 4CL2 (AT1G51680, AT3G21240), CCOAOMT1 (AT4G34050) as well as the
F6’'H1 (AT3G13610) are upregulated. Additionally, three genes of the shikimate pathway are up-
regulated in 390x plant, which are DSH1 (AT4G39980), ADT4 and ADT5 (AT3G44720,
AT5G22630). Apparently, the overexpression of BHLHO39 leads to the overexpression of genes
necessary for the metabolism of these phenolic compounds; this leads to higher iron availability
for the plants. The mobilized Fe is then taken up by IRT1. To confirm that 390x produces and
secretes more phenolic compounds than the WT, the concentration of phenolic compounds se-
creted into the growth medium was quantified. 390x and WT plants were grown for 10 days in
liquid %2 Hoagland medium with (25 uM) and without (0 uM) iron supply. An emission spectrum
at 300 nm excitation was generated (Figure 27 A). The emission at 400 nm is represented in a
bar diagram with three biological replicates (Figure 27 B). WT seedlings exposed to —Fe condi-
tions extruded more phenolic compounds that at +Fe, but not in a statistically significant man-
ner. As expected, 390x plants at iron sufficient conditions secrete around four times more phe-
nolic compounds to the medium as the same plants at iron deficient conditions or the WT in

both conditions (Figure 27 B).
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Figure 27: Phenolic compounds content of WT and 390x plants. The plants were grown for 10 days in liquid % Hoagland me-
dium at +Fe and —Fe. 170 pl of the growth medium was transferred to a UV Star half area plate and the spectrum (A) was
measured. (B) Diagram of the maximum emission at 410 nm with an excitation of 300 nm. Bars represent the standard devia-
tion. The statistical significance was calculated with the Anova test and Tukey correction. Different letters indicate statistically
significant differences (p< 0.05, n=3).

For the visualization of the phenolic compounds, plants were grown for 14 days. The WT was
grown directly at +Fe or —Fe in Hoagland agar medium whereas 390x plants were grown only at

+Fe. The plants on the agar medium were pictured under UV light (365 nm).

WT+Fe WT-Fe 390x+Fe Figure 28: Phenolic compound secretion of 390x and WT plants.
WT plants were grown for 14 days directly at +Fe or —Fe agar me-
dium and 390x only at +Fe agar medium. The plants on the plate

\ were pictured on the UV table at 365 nm. For better visualization,
the colors of the picture were inverted.
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It is noteworthy that WT plants accumulate large amounts of phenolic compounds in the roots
under —Fe deficient conditions, but not under +Fe conditions. 390x plants showed strong accu-
mulation of the phenolic compound at +Fe conditions (Figure 28). These results coincided with
the gene expression investigation. Genes that are involved in the phenolic compounds biosyn-
thesis are upregulated as well as the ABCG37 coumarin transporter, which is around fourfold

upregulated in 390x seedlings at +Fe.

When plants are confronted with stresses, high amounts of H,0, are produced. Hence, they are
forced to handle these toxic molecules; this process is mediated by NADPH oxidases and NADPH
oxidases-like. Mittler et al. [164] summarized data plants treated with different stresses and
showed that the ROS-gene network consist in an interplay of ROS-scavenging and ROS-produc-

ing proteins to ensure an adequate defense response (Table 20).

We already demonstrated that 390x plants have high amounts of H,0, (Figure 16 C). Therefore,
the differentially regulated genes WT-Fe vs. WT +Fe, fit +Fe vs. WT +Fe and fit -Fe vs. WT-Fe from
[162] as well as 390x +Fe vs. WT +Fe were compared with those of plants exposed to many other

stresses such as heat, drought, salt, cold and high light [164].

As expected, several enzymes from this network were upregulated in 390x seedling. The gene
AT5G47910, which encodes for a NADPH oxidase called RBOHD, is related with the production
of H,0, during salt stress. Higher amounts of H,0, and upregulation of RBOHD leads to the up-
regulation of deltal-pyrroline-5-carboxylate synthetase, which is a key enzyme for the synthesis
of proline. Proline can chelate metals with antioxidant effect in osmotic and salt stress due to
its property as osmolyte [183]. The gene encoding for the enzyme deltal-pyrroline-5-carbox-
ylate synthetase was 1.43-fold upregulated in 390x and was not considered as differentially ex-
pressed, but probably sufficiently overexpressed to raise the levels of proline in the plant. The
three genes coding for NADPH oxidase-like proteins simultaneously have Fe reductase activity.
FROS8 (AT5G50160), FRO6 (AT5G49730) and FRO7 (AT5G49740) are expressed in the shoots and

are involved in the compartmentation of iron. However, they are not further described [184].



Table 20: List of genes differentially regulated in WT, fit and 390x seedlings compared to differently stressed plants summa-

rized by Mittler et al. [164].
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NADPH oxidase NADPH + e- + O, > NADP- + O,- + H+ NADPH oxidase (RbohD) AT5G47910 80% | 80% 0%
- FROS (NADPH oxidase like) | AT5G50160 | 60% | 60% | 60% HE
mg:: j"e'f'isg'z"ieNADP_ O He FRO6 (NADPH oxidase like) | AT5G49730 | 0% | 200% ] 0% | 100%
FRO7 AT5G49740 0% 0% 0% | 100%
Ferritin 1 AT5G01600 40% | 40% 0%
Ferritin Ferritin 2 AT3G56090 40% | 40%
Fe +P - P-Fe Ferritin 3 AT2G40300 40% | 40% 0%
Phospholipid GPX6 AT4G11600 0% 0% 0%
Alternative Oxidase (AOX) AOX1A AT3G22370 0% | 0%| 0%
2e- + 2H++ 0, - H,0 APX1 AT1G07890 20% | 20% [ 20%
APX4 AT4G09010 0% 0% 0% | 100%
Blue copper protein Blue copper binding protein AT5G20230 60% ﬁ 60%
Cu+P - P-Cu Blue copper protein AT1G72230 50% | 50% 0% | 50%
Dehydroascorbate Reductase (DHAR) DHA + 2 GSH - Asc + GSSG MDARS5 AT5G03630 0% 0% 0%
Glutaredoxin putative AT5G63030 0% 0% 0%
Glutaredoxin family AT4G33040 33% | 33% 0%
Glutaredoxin family AT1G28480 40% | 40% | 40%
Glutaredoxin family AT2G47880 0% 0% 0%
Glutaredoxin family AT4G15690 0% 0% 0% ]| 80%
Glutaredoxin family AT4G15700 0% 0% 0% | 80%
Glutaredoxin family AT2G30540 _ 0% | 67%
Glutaredoxin (GLR) Glutaredoxin family AT2G20270 0% | 0%| 0%| 60%
DHA +2 GSH - Asc + GSSG Glutaredoxin family AT3G62950 | 0% | 0%| 0%| 75%
Thioredoxin x AT1G50320 0% 0% 0% | 80%
Glutaredoxin family AT5G14070 50%
Glutaredoxin family AT4G15680 0% 0% 0% | 100%
Glutaredoxin family AT4G15660 0% 0% 0% | 100%
Glutaredoxin family AT5G18600 0% 0% 0% | 100%
Glutaredoxin family AT3G62930 0% 0% 0% | 100%
] ] Cat3 AT1G20620 | 80% | 80% | 0%
ﬁ'z‘gj:h2'°g:HP:r°2"$gsi g;’g GPX1 AT2G25080 | 0% | 0%| 0%]| 60%
GPX7 AT4G31870 0% 0% 0% | 60%
Monodehydroascorbate Reductase (MDAR) MDAR4 AT3G52880 40% | 40% 0%
MDA + NAD(P)H + H+ -> Asc + NAD(P)- thylakoid-APX AT1G77490 0% 0% 0% 80%
Type 2 PrxR C AT1G65970
Type 2 PrxR D AT1G60740
Peroxiredoxin (PrxR) PrR Q AT3G26060 | 0% | 0%| 0% 40%
2P-SH + H;0, - P-S-S-P + 2H,0 2-cys PR B AT5G06290 | 0% | 0% | 0%| 80%
2-cys PrxR A AT3G11630 0% 0% 0% ]| 80%
Superoxide Dismutase (SOD) FeSOD (FSD1) AT4G25100 | 60% | 40%| 60% | 60%
0,- + 0- + 2H+ - H,0, + 0, Cu/ZnSOD (CSD2) AT2G28190 0% 0% 0% | 60%
Thioredoxins (Trx) similar to thioredoxin AT1G43560 0% 0% 0% | 80%
P-S-S-P + 2H+ - 2P-SH Thioredoxin reductase AT2G41680 0% 0% 0% | 80%

The data of WT-Fe vs. WT +Fe, fit +Fe vs. WT +Fe and fit -Fe vs. WT-Fe from [162] as well as 390x +Fe vs WT +Fe were compared
to the data of Mittler et al. 2004 [164]. Red means upregulation, green downregulation and grey no differential regulation. The
percentages represent, for each gene and for each line, the overlap between the way the line is regulated and the way the WT
is regulated upon the different stresses. When a gene is not differentially regulated, it is not included in the calculation. Values
above 75% are considered meaningful and marked in black. The data of Mittler et al. 2004 is a summary of different experiments
and reflects only a qualitative analysis. They should not be used for statistical analysis.

In WT and fit, the majority of the genes listed in were not differentially regulated and not mean-

ingfully regulated in contrast to the genes in 390x. Around half of the genes of 390x were at

least 75% regulated (marked in black) in the same manner as the WT upon the different stresses.



The fact that the gene expression of stress responsive genes in 390x was regulated in a similar
manner as plants exposed to different stresses suggests an activation of the stress defense re-
sponse. This explains and confirms the dwarf phenotype and the high anthocyanin content. The
overexpression of bHLHO39 is connected to the strong activation of iron-uptake genes. This led
to high iron content in these plants. Moreover, bHLH039 might activate the synthesis of phenolic
compounds, which facilitates even more the iron uptake in 390x plants. This leads to oxidative

stress in the plants via the Fenton reaction and high hydrogen peroxide content in plants.

In plant cells, plastids are the major sink of iron. It is stored in the vacuoles as a complex with
Ferritin or in the chloroplast for the synthesis of chlorophyll and the electronic transport chain.
During photosynthesis, iron plays a special role as a complex with the cytochrome b6/f complex
in the transport of electrons from photosystem Il (PS Il) to photosystem | (PS I) and further in

the Fe-S protein Fx, FB and FA in the way to NADP* [185].

In 390x plants many genes involved in pigment metabolism, photosynthesis and electron
transport chain were downregulated. Figure 29 shows the most enriched GO of the downregu-
lated genes in 390x +Fe vs. WT +Fe.
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Figure 29: REVIGO representation of GOs from gens downregulated in 390x +Fe vs. WT +Fe. The GOs of the differentially
regulated genes from the microarray (390x +Fe vs. WT +Fe) were analyzed using the tool virtual plant. The GO numbers and
the corresponding p-Value were used to generate the scatterplot. The GOs are summarized and the redundant terms are re-
moved. The remaining terms are visualized in semantic similarity-based scatterplots. The size indicated indicates the fre-
quency of the GO term. The colors indicate the log 10 of the p-Value. A) Scatterplot showing all the GOs corresponding to the
upregulated genes at +Fe conditions. B) Scatterplot of A with highlighted GO terms with the highest p-Values.

Carotenoid are pigments essential for the photoprotection by high light stress. They protect an-

tenna pigments by non-photochemical quenching of chlorophyll fluorescence and de-excite



chlorophyll singlets, triplets and O, [186, 187]. In 390x seedling grown at +Fe conditions, genes

responsible for the carotenoid biosynthesis are downregulated (Table 21).

The biosynthesis of chlorophyll comprises a high number of pathways and enzymes. It starts
with the synthesis of the protoporphyrin ring, followed by the incorporation of the phytol chain,
then the insertion of the magnesium, synthesis of the protochlorophyllide and finally the reduc-
tion to chlorophyllide and phytylation [188]. Several genes involved in the pigment biosynthesis
and metabolism were downregulated. Table 21 shows the downregulated genes, which encode
for enzymes responsible for the chlorophyll synthesis. Bonfig et al. 2006 [189] showed that after
pathogen attack the levels of chlorophyll and the photosynthesis activity decreased in the in-
fected zones. The high iron content of the plants produces high amounts of ROS. This high con-
centration of oxygen species switches in turn down the photosynthesis to avoid further produc-
tion of ROS by the electron transport chain. This might be the explanation for the downregula-
tion of photosynthesis, pigment metabolism, plastid organization and electron transport chain

in 390x seedlings.

Table 21: List of downregulated genes in 390x +Fe vs. WT +Fe classified in the GO:0046148 and GO:0042440 (pigment biosyn-
thetic process and pigment metabolic process)

Gene Protein Pathway

AT3G53130] LUT1; carotene e-monooxygenase
AT1G31800| LUTS5; B-ring hydroxylase
AT4G25700| BETA-OHASE 1; B-zeacaronene hydroxylase carotene synthesis
AT5G52570| BETA-OHASE 2; B-ring hydroxylase

AT3G10230| LYC; lycopene R cyclase

AT3G25660| glutamyl-tRNA(GIn) amidotransferase, putative
AT1G58290| HEMAZ1; glutamyl-tRNA reductase

AT2G40490| HEMEZ2; uroporphyrinogen decarboxylase

AT3G14930| HEME1; uroporphyrinogen decarboxylase

AT4G18480| CHLI1; magnesium chelatase

AT5G13630[ GUNS5; genomes uncoupled 5

AT4G25080| CHLM; magnesium-protoporphyrin IX methyltransferase
AT3G56940| AT103; dicarboxylate diiron 1

AT5G18660| DVR; 3,8-divinyl protochlorophyllide a 8-vinyl reductase
AT5G08280| HEMC; hydroxymethylbilane synthase

AT3G51820| CHLG; chlorophyll synthetase

AT1G44446| CH1; chlorophyll a oxygenase

chlorophyll synthesis




4.2.4 The response to beneficial pathogen might be increased in 390x plants

In the microarray data of 390x vs. WT, many upregulated pathogen-related genes stand out.
The FIT-dependent gene, root-specific transcription factor MYB72 is involved on the onset of

the rhizobacteria-ISR and simultaneously related to the plant Fe-deficiency response [152].

The exposure of WT plants to P. simiae WCS417 results in a high expression of MYB72 as well as
the iron-marker genes FIT, BHLH039, BHLH039, IRT1 and FROZ2. For that reason, we compared
the gene expression data of 390x +Fe vs. WT +Fe with WT plants treated with the P. simiae
WCS417 from Zamioudis et al. 2015 [152]. An intersection of 282 upregulated and 159 down-

regulated genes was found (Figure 30).

Figure 30: Venn diagram of the pair-wise compari-
sons 390x +Fe vs. WT +Fe with WT- WCS417 vs. WT-
Mock. Microarray of Zamioudis et al 2015 [152] of
WCS417 inoculated two-week-old Arabidopsis Col-0
seedlings was used for the comparison. Upregulated
and downregulated genes in 390x +Fe and WT
+WCS417 were compared to each other. An intersec-
tion of 282 common upregulated and 159 common
downregulated genes in 390x +Fe vs. WT +Fe and
WCS417 vs. Mock were found.
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Included in the 282 common upregulated genes in 390x +Fe vs. WT +Fe and WT WCS417 vs.
Mock were 41 robust Fe-deficiency regulated and 17 robust FIT-regulated (from [162]). These
were genes like MYB72/10, CYP82C4, GRF11, AT3G07720, AT3G12900, MTPA2 and IRT1 among

others.

Among the 159 commonly downregulated genes in 390x +Fe vs. WT +Fe and WT WCS417 vs.
Mock, were genes involved in photosynthesis, light response and pigment biosynthesis. As men-
tioned in the previous section (4.2.3), the pathogen attack interferes with the production of
chlorophyll. Although plants are not infected by any pathogen, the defense responses are
strongly upregulated in 390x seedlings and this might be a signal for the downregulation of the
photosynthesis. This gene regulation suggests that 390x might be strongly involved in the regu-
lation of the pathogen defense, or that the upregulation of MYB72 is sufficient for the activation

of this response.



To verify whether the large amount of high upregulated pathogen response genes in 390x plants
leads to a pathogen resistance, 6 weeks-old WT, cpr5 mutant and 390x plants were inoculated
with P. syringae. The cpr5 mutant was used as a reference of pathogen resistance. These plants
are constitutively resistant against Pseudomonas. They show an enhanced expression of PR-1
and have higher levels of salicylic acid (SA). Consequently, the hypersensitive response (HR) is
strongly activated and the plants show areas of dead cells, which indicates an activation of the
HR without being treated [190]. CPR5 acts as a negative regulator of NPR1, which is responsible
to activate WRKY TF and PR-genes [190-193] .

Figure 31: Luminescence measurement of plants inoculated with

14 - P. syringae. 6 weeks-old plants were inoculated with the bacterial
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The fluorescence, which is inversely proportional to the resistance of the plant to the bacteria,
was measured after 2 days of inoculation. As expected, the cpr5 mutant was significantly more
resistant as the WT. On the other hand, the fluorescence in 390x plants was almost at the same
level as the WT, which means that these plants are as susceptible for pathogen as the WT (Figure

31).

All this data suggests that bHLHO39, when overexpressed, activates strongly the iron uptake
machinery via activation of genes responsible for the solubilization of iron and the upregulation
of the iron-uptake master regulator FIT. This activation triggers the Fe-reductase and transporter
leading to high iron content. Obviously, the high iron amount within the plant correlates with
the upregulation of the Ferritin genes and the downregulation of the nicotianamin synthases to

avoid intoxication of the plant. High iron concentration generates high amounts of ROS via the



Fenton reaction. This ROS and probably the overexpression of bHLH39 inhibit the photosynthe-
sis and pigment biosynthesis to avoid further production of ROS. Simultaneously, the produced

ROS activates pathogen response genes.

4.3 Investigation of putative promoter activation by bHLH039

Jakoby et al. [80] studied the FIT promoter activity in different tissues and iron conditions in
Arabidopsis WT plants. For that purpose, pFIT::GUS reporter lines were created. Quantitative
GUS activity measurements showed that the FIT promoter was activated in roots in a stronger
extent than in leaves. Under —Fe, the promoter activity increased fourfold compared to +Fe.
Histochemical analysis showed that the activation of the FIT promoter is located in the epidermis

of developing roots (elongation zone) [80].

Gene expression analysis revealed that FIT is more strongly expressed in 390x plants compared
to the WT at +Fe condition. We suggested that bHLHO39 is able to activate FIT promoter and
that the overexpression of bHLHO39 activates it much more strongly as in WT plants.390x plants
were hence crossed with the pFIT::GUS/WT reporter line. Figure 32 shows the quantitative and
qualitative GUS expression in pFIT::GUS/WT and /pFIT::GUS/390x plants. In WT background, the
activation of the FIT promoter occurs only at —Fe conditions and only in the elongation zone
(Figure 32 middle square). On the other hand, it can be clearly seen that the FIT promoter activ-
ity was substantially stronger in pFIT::GUS with 390x background as with a WT background upon
both +Fe and —Fe. Quantification of this activity confirmed that the FIT promoter is more strongly
activated in seedling with 390x background than with WT background at +Fe conditions. Sur-
prisingly, the GUS activity at —Fe conditions in pFIT::GUS/390x plants was comparable to
pFIT::GUS/WT (Figure 32 B).
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Figure 32: Qualitative and quantitative analysis of the analysis of the FIT promoter activity via GUS-expression assay.
pFIT::GUS seedlings with wild type (pFIT::GUS/WT) and 390x mutant background (pFIT::GUS/390x) were grown under Fe suffi-
ciency (+Fe) or deficiency (-Fe) in the six-days agar plate assay. (A) Qualitative GUS activity assay on the left, whole plant (bar 1
cm) with squares representing close-ups on the right (bar 1 mm). The three squares represent the transition from hypocotyl to
upper root zone (top), middle zone of the root (middle), and root tips (bottom). (B) Quantitative GUS activity assay (n=3). Dif-
ferent letters indicate significant differences between samples (p< 0.05).

Not only is the quantity of this activity important but also its localization. In both +Fe and —Fe,
the activation of the FIT promoter in pFIT::GUS/390x was visible along the roots, while upon —
Fe in the pFIT::GUS/WT only in the elongation zone was visible (Figure 32 A). No GUS activity
was found in the leaves neither at +Fe nor at —Fe (data not shown). Taken together, these pro-
moter activation analyses demonstrated that the overexpression of bHLHO39 leads to an ectopic

activation of the FIT promoter, and in turn the FIT-target genes.

The data of the microarray and of the GUS-activity assay point out the possible activation of
several promoters by bHLH039. To verify this hypothesis, a chromatin immunoprecipitation
(ChIP) with 390x plants was performed. It was very important to establish and adapt the proto-
col for the analyzed proteins, tissues and antibodies used for the experiment. It took several
attempts to find the best crosslinking and chromatin shearing time as well as the right antibody
and beads for the immunoprecipitation. Several protocols were tested and the protocol of Kauf-

mann et al. (2016) [166] was adapted (see 3.1.6.5).

After crosslinking, chromatin shearing, immunoprecipitation and reverse crosslinking the DNA

was purified and analyzed by qPCR. The data of the gPCR was normalized to the no-antibody



sample and to the control gene (Elongation Factor). Figure 33 shows the fold change of the dif-
ferent promoter regions of the putative bHLHO39 target genes. The investigated regions (see
3.2.13.1) were from the promoters of FIT, IRT1, FRO2, AT3G12900, AT3G07720 and AT3G58810.
FIT was tested because the GUS and expression analyses showed that the promoter is more
activated when BHLHO39 is overexpressed. /RT1 and FRO2 were shown by Yuan et al. 2008 [82]
to be targets of the TF complex of bHLHO39 and FIT in vitro. Finally, the genes AT3G12900,
AT3G07720 and AT3G58810 are known to be FIT-targets [162] and they were respectively 7.8,

5.8 and 15.3 fold upregulated in 390x seedlings at +Fe conditions.
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Figure 33: Chromatin immunoprecipitation of putative bHLH039 targets. 14 days-old 390x plants grown at +Fe were used to
calculated chromatin immunoprecipitation. Roots and shoots were separately harvested and crosslinked for 2x10 min. The nu-
clei were isolated and the chromatin sheared for 15min. The shared chromatin was divided in two samples and one was used
for immunoprecipitation using protein-A agarose beads with anti-HA antibodies and the other as a negative control with anti-
IgG. After washing, the Protein-DNA complex was eluted from the antibodies and then overnight reverse crosslinked. The DNA
was isolated by ethanol precipitation and further purified with the Qiagen PCR purification columns. The DNA fragments were
analyzed by gPCR using specific primers for the different promoter regions of the genes. The data was normalized against the
control gene ELONGATION FACTOR (Ef) and the negative control IgG to obtain the fold change over the background. Bars rep-
resent the standard deviation, n=2-3

The fold change represents the enrichment of the fragments over the background. This means
that the unspecific DNA binding is subtracted from the actual values. The input is not included
in the calculation, but it is an indication of the efficiency of the primers and the starting DNA
guantity before immunoprecipitation. Therefore, the Ct number of all the tested fragments
should be similar in the input. In the qPCR, the number of cycles is inversely proportional to the
amount of DNA in the sample. The protocol used [166] recommends an input Ct value of around

14 and the HA-PI sample of around 27. The Ct of the input DNA in the 390x was around 21-23



that means around thousand times less DNA as expected (3 Ct = tenfold). The graphic above
shows clearly that none of the fragments on the putative target genes yielded an enrichment.
Usually, an enrichment higher than 4 counts as significant. It is most probable that the starting

DNA in the input was too low to be enriched.

With the collaboration of Kaufman’s group, | performed the procedure in their laboratory, with
their conditions and devices. The plant material used was 1 g and 2 g of 390x seedlings. During
the procedure, two control samples (each 0.7 g fresh inflorescence samples) were included. The
shearing of the DNA in an adequate size is important for the immunoprecipitation. Usually, the
desired size was about 200 bp. Figure 34 shows that most of the DNA of the control samples
corresponded to the correct size. However, in the 390x seedlings samples, almost no DNA was

present.

Figure 34: DNA agarose gel after DNA-shearing and reverse crosslinking. To de-
termine the size of the sheared chromatin, a DNA sample was run on an agarose
gel. One (390x 1) and two (390x 2) grams fresh seedlings were used for the proce-
dure. As a control for the method, two samples (each 0.7 g fresh material) from the
Kauman’s lab were included in the procedure.

An explanation to this issue is that the inflorescence samples contain much more cells per
weight, because they are smaller compared to roots or shoots cells. Additionally, the protocol
might not be adequate for this type of samples and amount of DNA. It is extremely important
to find better conditions for the DNA extraction and find direct targets of bHLH039 that might

be involved in so many processes.



5 Discussion

5.1 Iron deficiency and accumulation responses are activated in 390x plants

In the scope of this work, we demonstrated that the single overexpression of BHLHO39 in Ara-
bidopsis led to a different phenotype and a different physiological response as shown in the
literature [82, 194]. 390x seedlings exhibited strong expression of the master regulator FIT, the
iron reductase (FRO2) and the iron transporter (/RT1) that in turn resulted in a higher Fe reduc-
tase activity and iron content in shoots and roots. However, this effect could be observed only
in the presence of FIT (Figure 17). The generated 390x plants in fit-3 background confirmed that

the iron uptake machinery could be activated only if these two proteins were present.

Yuan et al. [82] showed that plants co-overexpressing FIT and BHLH038 or BHLHO39 were more
tolerant to iron deficiency than the WT and plants with single overexpression. Here, we demon-
strated that plants overexpressing BHLH039 and FIT in a strong manner were not able to survive
in any conditions. Unfortunately, these plants had a lethal phenotype and further investigations
of this strong double transgenic line was not possible (Figure 20). On the other hand, moderate
overexpression of FIT (HA3-FIT) even led to a reduction of the iron deficiency response compared
to the single 390x. If we compare the gene expression of FIT in the single 390x and in 390x/HAs-
FIT, we can suggest that FIT is not only strongly expressed but also that the stabilization of the
transcript might be enhanced in 390x plants, especially at +Fe conditions. Post-transcriptional
regulation is an important mechanism for the control of many processes, including iron uptake.
Experiments in overexpression lines showed that the protein accumulation of FIT (and its tomato
homolog FER), IRT1 and FRO2 occur only at iron deficient media although high amounts of tran-
script are available. Hormones as well as protein interactions stabilize the transcript and its prod-
uct [23, 80, 105, 106, 195]. The experiments in this work showed that the gene expression of
the Fe-uptake genes, the Fe-reductase activity and the iron transport are activated at +Fe con-
ditions. In the WT, this activity is present only at —Fe conditions. Meiser et al., Lingam et al. and
Sivitzt et al. demonstrated in 2011 that the FIT protein undergoes a turnover upon Fe deficiency.
They suggested that FIT is found in two different pools, an active and an inactive form. This
regulation is independent of the transcriptional level. In FIT-overexpression lines, the transcript
level at +Fe and —Fe iron is equal, but the protein amount is reduced at —Fe conditions. Hence,

FIT should undergo a constant degradation and new synthesis. FIT might be ubiquitinated and



proteasomal degraded [105, 106, 196]. It was also suggested that a repressor might prevent the
FIT gene expression and that the —Fe signal removed this repressor [105]. It might be that
bHLHO39 is able to activate the transcription of proteins that act as stabilizing factors for the FIT

protein or inhibit the repressors of FIT at +Fe conditions.

To prove if FIT and bHLHO39 protein regulate each other posttranscriptional, it is necessary to
detect the amounts of FIT and bHLHO39 proteins in the double 390x/HAs-FIT and single trans-
genic lines using specific antibodies against the endogenous proteins. It is not possible to use a
tag-directed antibody because both proteins have the 3xHA-tag. Another double transgenic line
was generated in parallel by crossing 390x plants with FIT-GFP plants (data not shown). How-
ever, the gene might have been silenced because we could not detect the protein despite the
presence of the gene. Transcriptional and post-transcriptional gene silencing (TGS and PTGS)
can be caused by the disabling of transcription initiation, triggered by methylation as well as

chromatin condensation [197].

390x have similar phenotype, gene expression of the iron homeostasis genes and physiological
response as plants overexpressing BHLH034, BHLH104 and BHLH0105 [99, 100]. Interestingly,
the BHLHO034 gene was twofold downregulated at +Fe and 1.5 fold at —Fe in 390x vs. WT seed-
lings, while the other two genes are not differentially downregulated. This confirmed that the
regulation of BHLH039 is downstream of these three other bHLHs of the subgroup IVc. According
to the results of Zhang et al. (2015) [99] and Li et al. (2016) [100], the homo and heterodimeri-
sation of these three proteins activate directly the transcription of the four Ib BHLHs and PYE,
regulating positively the iron uptake and homeostasis. It could be interesting to prove if the
crossing of 390x plants with the double mutant bhl/h034/104 and triple mutant

bhlh034/104/105 rescues its chlorotic phenotype.

WRKY46 is one of the genes that was strongly upregulated in 390x seedlings (8.31 +Fe and 3.17
—Fe). Early investigations showed that WRKY46 is upregulated upon —Fe treatment and further
investigation revealed that mutation in this gene causes more sensitivity to iron deficiency. The
reason to iron deficiency in wrky46 mutants is that this protein is involved in the translocation
of Fe from roots to shoots under Fe deficiency conditions. The authors argued that WRKY46

regulates the transcription of VIT1 by directly binding on its promoter [198].



VIT1 is the vacuolar iron transporter important for the seed and seedling development, its gene
is repressed under iron deficiency conditions [58]. In 390x vs. WT seedlings this gene is not dif-
ferentially regulated, although Yan et al. (2016) [198] confirmed that WRKY46 directly regulates
the transcription of VIT1. The reason could be that the regulation of VIT1 is Fe-dependent and
not only influenced by the high expression of WRKY46 and the iron deficiency response. WRKY46
is also known to be induced in response to pathogens, drought, salt and oxidative stresses [199,
200]. It is evident that this gene is upregulated in 390x seedlings because of the high hydrogen

peroxide level.

The reporter gene GUS experiments showed that the overexpression of bHLHO39 enhanced the
activity of the FIT promoter. This in turn was probably the reason of the upregulation of robust
FIT-regulated genes including IRT1 and FROZ2. Using chromatin immunoprecipitation, we wanted
to confirm the promotor activation of these and other FIT-regulated genes by the binding of
FIT/bHLHO39 heterodimer in vivo. Additionally, we wanted to determine new bHLHO39 target
genes by sequencing the precipitated DNA. In this work, the investigation of bHLHO39 promoter
binding to several Fe-deficiency related genes did not bring any indication concerning the inter-

action with the examined DNA regions.

The chromatin immunoprecipitation method had to be developed especially for our model. It
was important to determine the required mass of tissue, the time of crosslinking, an adequate
antibody and the proper solutions of the extraction buffers as well as the IP buffer. Curiously,
the qPCR analysis showed no specific binding of HA3-bHLHO039 to the analyzed DNA regions. The
reliability of the method was confirmed with the inflorescence sample included in the proce-
dure, which yielded enough input DNA (Figure 34). An explanation for this result could be that
this protocol is not suitable for the amount of DNA in the samples and it is probable that a large
amount of the DNA is lost. Another possibility could be that bHLHO39 does not bind directly to

these promoters and that other TF or proteins are needed for this activation.



5.2  bHLHO039 might be involved in many more other processes than in the iron up-

take

The iron uptake is strictly regulated by innumerable proteins. FIT, being the master regulator,
plays the major role in the iron uptake [80]. However, other proteins and processes are im-
portant for a proper Fe-homeostasis. It seems that the function of bHLHO39 goes over being
only the FIT interaction partner for the activation of the iron uptake genes FRO2 and IRT1, start-
ing with the solubilizing of Fe before reduction and uptake. Iron is solubilized by the extrusion
of protons for the acidification and phenolic compounds for the chelation. Many genes are in-
volved in the synthesis and excretion of phenolic compounds. Coumarins such as scopoletin and
scopolin are synthetized via the shikimate and phenylpropanoid pathways. Studies showed that
iron deficiency leads to a strong expression of the genes important for the synthesis and
transport (ABCG37) of these organic compounds [30, 154]. 390x plants have a strong expression
of many of these genes including the transporter. Additionally, to the gene expression analysis,
the concrete secretion of these compounds was investigated and resulted in high amounts of
phenolic compounds in the growth medium of 390x seedlings at +Fe. This and the increased
expression of the iron reductase and transporter led to strong iron availability and enhanced

uptake.

After iron reduction and uptake, it has to be chelated, to be transported to the upper parts of
the plants and stored. Once iron enters the plant, it is chelated by nicotianamin (NA) and citrate
in the xylem for the transport from roots to shoots. The genes responsible for the synthesis of
NA are the nicotianamin synthases (NAS1-4). These four proteins are essential for the iron ho-
meostasis, since the quadruple mutant shows a sterile phenotype [52, 201]. The upregulation
of these genes might increase the NA synthesis, in turn enhancing the iron transport to the

shoots.

Following the iron uptake and its transport to the shoots, the different organs need to be loaded
with iron. Many NA-dependent Fe transporters are surrounding the vasculature [202]. The OPT3
and YSL1-3 proteins transport Fe-loaded NA into the young leaves, the inflorescence, and seeds
as well as between xylem and phloem. In 390x plants, this transport is probably enhanced due
to the upregulation of YSL1 and YSL3 in both +Fe and -Fe. Although OPT3 is downregulated in

these plants, the seeds are loaded with high amounts of iron (Figure 22). It is probable that the



upregulation of the genes coding for the YSL proteins is sufficient for the iron transport into the

seeds.

The increase of all these processes leads to a high iron content in the plant and this in turn to a
high production of reactive oxygen species (ROS), probably via the Fenton reaction. In the pro-
cess of ROS production and scavenging, many enzymes are involved and they are tightly regu-
lated. The principal ROS scavenging enzymes are the superoxide dismutase (SOD), glutathione
peroxidase (GPX), peroxiredoxin (PrxR) and ascorbate peroxidase (APX) [203]. The SOD are the
first defense against ROS. They dismutase O, to O, and H,0, [204, 205] followed by the elimi-
nation of H,0, by APX and GPX [206] as a result, the levels of ROS in plants can be measured by
the amount of hydrogen peroxide. The H,0, content in 390x seedling increased at iron sufficient
compared to iron deficient conditions (Figure 16 C). Moreover, these levels are two- and four-
fold higher as the WT at +Fe and —Fe respectively. This means that regardless the iron condition,
the plants suffers oxidative stress. The high Fe and H,0, at —Fe might be explained by the high
amount of iron loaded into the seeds (Figure 22). This quantity of iron is probably sufficiently

high to produce elevated H,0, amounts in young seedlings.

Additionally, to deal with the high iron in 390x plants the ferritin genes were upregulated at +Fe
and —Fe whereas these genes are in the WT downregulated under Fe-deficient conditions. Fer-
ritin counts as a Fe-regulated gene [162]. Ferritins are able to bind Fe**and keep it in a bioavail-

able form [207]

Hydrogen peroxide, besides causing oxidative stress in plants, serves also as a signal molecule
for many important processes. One of the most predominant is the answer to pathogens. After
a pathogen attack, the level of H,0, raises rapidly (within minutes) followed by a second burst
after a few hours [138]. In standard cases, a pathogen attack triggers the MAPK cascade, which
after prolonged activation leads to the generation of ROS. This ROS activates in turn the hyper-
sensitive response (HR) which leads to the local cell death and to the activation of the PR genes
in other parts of the plants [208]. With this knowledge, one could expect that 390x plants are
resistant to a pathogen attack because many genes of the pathogen response are upregulated.
Besides, the high level of hydrogen peroxide in the plants serves as a signal of stress. However,
as shown in Figure 31, the plants did not show any resistance against leave inoculation with P.
syringae. The age of the plants and the growth conditions probably play an important role for

the pathogen response in 390x plants. For this experiment, the plants were grown 6 weeks in



short day conditions. All the other physiological and molecular analyses in this work were per-
formed with 6-days old seedlings. Additionally, we observed that the phenotype of 390x plants
on soil did not show the strong phenotype as in 6 days-old seedlings. For this reason, it is first
necessary to investigate how the gene expression and physiological response behave in older
plants. Another option would be to inoculate 2-weeks old plants with a bacterial suspension as
described in the literature [209]. Then, the hypersensivity response (HR) can be measured by

trypan blue staining which is an azo compound that cannot enter living cells [209].

In 390x seedlings, genes coding for many processes are upregulated; however, the photosyn-
thesis and response to light are downregulated compared to WT, especially at +Fe conditions.
Adaptation to light is an important signal in the growth and development of plants. The so-called
phototropism enables the plants to grow in the direction of the light. There are three main highly
sensitive photoreceptors: phytochrome A (phyA), cryptochrome2 (cry2) and phototropinl
(photl), which mediate photo sensory adaptation [178, 180]. Although the genes for these re-
ceptors were not differentially regulated in 390x seedlings, many other genes responsible for
light perception are downregulated. For instance, around 80 genes belonging to the response
to light stimulus (G0:0009416) are downregulated. The photosynthesis is also repressed in these
plants. Genes involved in the electron transport chain (G0O:0022900, 30 genes; GO:0009767, 24
genes), photosynthesis (G0:0015979, 30 genes), pigment biosynthetic process (G0:0046148, 23
genes), photosystem Il assembly (GO:0010207, 10 genes), among others, are downregulated.
Figure 25 shows eight putative bHLHO39-repressed co-regulated genes that are related to light
stimulus and clock. These genes are upregulated in the 3xbhlh (bhlh39/100/101) mutant which
probably means that these genes are directly or indirectly repressed by bHLH039. Because in-
dependent of the iron supply in the growth medium (Figure 21 and Table 19) these gene are

downregulated in 390x plants.



6 Conclusion

The main conclusion of this work is that the overexpression of bHLH039 unleashes a vast number
of processes that are interconnected. Because of the overexpression of bHLH039, responses
such as Fe-deficiency, Fe-overload and stress signaling were strongly induced or repressed. In
390x plants, the gene expression of BHLHO39 and its protein are strongly upregulated inde-
pendently of the iron status in the growth medium. This could mean that the overexpression of
bHLHO39 suppresses negative regulators, which in WT prevent the activation of the iron-uptake
genes. This causes the high amount of iron in roots, shoots and seeds that in turn triggers other

signaling pathways.

To sum up, the overexpression of BHLH039 might repress as many processes as it enhances. An

overview is shown in Figure 35.
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Figure 35: Model of the influences and activation when BHLH039 is overexpressed. The overexpression of BHLH039 leads to
activation of different genes and responses as well as the repression of many others. Continuous lines mean direct association
with the genes and dashed lines influence of the process. Arrows mean an intensification and blunt ends mean repression of a
process.

The overexpression of 390x leads to the strong activation of the iron homeostasis genes. In-
cluding genes involved in the biosynthesis and transport of the Fe-chelating coumarins. These
genes can be activated directly by the overexpression of bHLH039 or via the MYB72 and MYB10
transcription factors. The strong Fe uptake causes high hydrogen peroxide accumulation; this
rises the expression of PR genes. Activation of these genes and the hydrogen peroxide activates
pathogen defense and stress responses. On the other hand, processes in light response such as
photosynthesis, including electron transport chain, photomorphogenesis and rhythm are inhib-

ited.



7 Perspectives

This work supports the importance of bHLHO39 in iron homeostasis as the interaction partner
of FIT and the putative function in additional processes. To investigate more deeply the regulat-

ing role of bHLHO39 the following goals are suggested.

Firstly, there are only in vitro evidences of the FRO2 and IRT1 promoter activation by FIT and
bHLHO39 but no concrete reports about activation in A. thaliana plants. Using the chromatin
immunoprecipitation, the DNA binding sites of bHLH039 should be further analyzed. A more
adapted protocol specific for these seedlings is needed to obtain more starting DNA from the

plants, and sequence the ChIPed DNA to find all targets of bHLH039.

Additionally, this DNA should be cloned to create a plasmid library and find a novel binding site
for other proteins [210]. Using this library, it would be possible to perform an activation assay.
For that, these plasmids would be co-transformed with putative activators of these promoters.
The proteins bHLH034, bHLH105 and bHLH115 for instance but also other iron homeostasis pro-
teins such as PYE, BTS, the other four Ib bHLHs, and of course FIT can be used for the assay. FIT
phosphorylation-site mutants (Regina Gratz) are being currently analyzed in our lab to find out

if the phosphorylation plays a role in the binding of FIT to these specific promoters.

Next, observations showed that older 390x plants loses its characteristic phenotype. There
might be two reasons for the missing of the characteristic 390x phenotype in older plant. Either
the overexpression of bHLHO39 is post-transcriptionally regulated and the iron homeostasis
genes are expressed in a comparable manner as the WT; or the line develops a mechanism to
store big amounts of Fe to avoid intoxication. If the Fe content in older 390x plants is remarkably
higher that the WT, it would mean that the overexpression of bHLHO39 could be considered as
a suitable method to increase the amounts of this metal in other plants including crops. To test
this hypothesis, a time curse experiment should be performed. The iron reductase activity, gene
expression and iron content should be determined in shoot and roots of the plants grown in

different time points.

Last, the evolution of flowering plants demanded a flexibility of their genome for better and
faster adaptation to the environment. This involves, among others, the doubling of the genome
that caused one or several duplication of the genes. These duplications can be disperse within

the genome, or they can be in tandem [211]. Three different processes are responsible for these



duplications. The first is the silencing through mutations in the duplicated gene. The second is
that one copy of the genes becomes a novel favorable function for the plants and the other copy
preserves the original function. And in the third, both genes share the same functions in a certain
process [212], which might cause functional redundancy. This is the case of the bHLHs of the
subgroup Ib(2), which includes the four FIT interactors. bHLH038 and bHLHO39 are in tandem in
chromosome 3, they share 79% of the same sequence and in total 89% similarity. bHLH100 and
bHLH101 are more distant form each other, they are located in chromosome 2 and 5 respec-
tively. They share only 39% identity and in total 69% similarity [155, 213]. In Arabidopsis, many
genes are a product of duplications and hence redundant. Usually, it is difficult to investigate
knock out mutants, since there are other genes coding for proteins that compensate this func-
tion. To reach a complete knock out of the protein function, it is necessary to knock out all the
genes coding for the redundant proteins. To reach this goal one possibility is to cross the single
mutants and multiply the progeny until homozygosity of all the genes is reached. Unfortunately,
when two genes are in tandem they are passed on together to the progeny. To date, it is possible
to generate only a triple knock out mutant with the four bHLHSs. In our lab, the 3xbhlh (bhlh039,
bhlh100, bhlh101) was characterized by Maurer et al. [89]. However, the generation of a quad-
ruple mutant is of extremal importance for the entire understanding of the function these bHLHs

in the iron homeostasis and other processes.

Maurer et al. [89] previously attempted to generate the quadruple mutant by posttranscrip-
tional deactivation of the BHLH038 gene via RNA Interference [156]. 3xbhlh plants were trans-
formed with miR319a, which binds to a specific mRNA and is degraded. After selection, the T2
generation showed strong chlorosis as well as retarded leaf and root growth. Analysis of these
plants showed a strong decrease (but not totally) of the BHLHO38 gene expression but not of
the iron-uptake marker genes FIT, IRT1 and FROZ2. Unfortunately, in the third generation the
plants showed the WT phenotype, probably because the miRNA was repressed and the effect

was no longer present [156].

Nowadays, a better method can be used for the targeted deactivation of a specific gene. This
method is called CRISPR-Cas9 and is based in the editing of DNA using an RNA-guide bacterial
DNA endonuclease. The CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) are
DNA repeats in the genome of prokaryotes used as a defense mechanism against invading DNA

from e.g. phages [214]. The mechanism consists of a 20 bp CRISPR RNA (crRNA) that recognizes



the target DNA, a second RNA that binds the crRNA (transactivating crRNA, tracrRNA) and the
nuclease Cas9 that recognizes the crRNA, binding it and cutting the sequence near to the tra-
crRNA. The crRNA and tracrRNA are nowadays fused to a single guide RNA (sgRNA) that is trans-
formed in the plants. Due to the small size of the sgDNA, it is possible to edit several genes in
one procedure; this is called multiple gene editing. Compared to methods such as EMS treat-
ment of seeds or T-DNA insertions that take a long time and several generations of selections,

this method has the advantage of a relatively fast and targeted edition of genes.

Altogether, this work could emphasize the importance of bHLHO39 in the regulation of the iron
homeostasis. When this protein is overexpressed, it causes a strong upregulation of the iron
uptake genes including genes for the secretion of phenolic compounds. This upregulation leads
in turn to a high iron content in the roots, the shoots and in the seeds. Although this high iron
concentration is dangerous for the plant, due to the generation of reactive oxygen species, the
overexpression of bHLHO39 could be an alternative for the increment of the iron content in the

edible parts of crops and hence for the reduction of iron deficiency anemia.
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9. Appendix

Table 22: Differentially regulated genes in 390x vs. WT at +Fe and —Fe. List sorted alphabetically of all genes with mean ratios and
p-values regulated in the microarray analysis in roots of 6 days-old Arabidopsis seedlings 390x vs. Col-0 plants grown directly on
iron sufficiency or deficiency Hoagland medium. The mean ratios are the log2 fold change values of the pairwise comparison.

Ratio Ratio Ratio
D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe D CATMAvV6 AGI +Fe -Fe
CATMA10A00010R1 AT1G01010 3.43 2.02 CATMA10A04290F1 AT1G05385 -2.08 -1.20 CATMA10A08620F1 AT1G09780 1.65 1.17
CATMA10A00045F1 AT1G01060 -1.71 -2.65 CATMA10A04350R1 AT1G05450 1.40 2.07 CATMA10A08630F1 AT1G09790 6.53 7.13
CATMA10A00050F1 AT1G01070 -1.51 -1.33 CATMA1ON95262F1 AT1G05530 4.11 4.18 CATMA10A08730F1 AT1G09880 1.50 -1.07
CATMA10A00060F1 AT1G01080 -1.82 -1.40 CATMA10C71052F1 AT1G05575 2.38 1.38 CATMA10C71132F1 AT1G09932 3.82 1.26
CATMA10A00110F1 AT1G01120 -1.61 -1.49 CATMA10N94903F1 AT1G05650 -6.79 -2.34 CATMA10A08840R1 AT1G09970 2.05 1.28
CATMA10N92421F1 AT1G01170 -1.50 -1.20 CATMA10N94904F1 AT1G05660 -5.54 -1.67 CATMA10A08916R1 AT1G10070 1.34 1.65
CATMA10A00180F1 AT1G01190 -1.49 3.73 CATMA10F00023F1 AT1G05680 1.07 1.75 CATMA10A09000F1 AT1G10140 1.71 1.35
CATMA10A00190F1 AT1G01200 -1.64 -1.25 CATMA10N102005R1 AT1G05700 6.50 1.82 CATMA10A09040F1 AT1G10170 1.62 1.64
CATMA10A00320F1 AT1G01340 1.68 1.54 CATMA10A04710R1 AT1G05710 1.93 -1.13 CATMA10A09190F1 AT1G10340 1.77 -1.26
CATMA10A00370R1 AT1G01380 2.24 2.20 CATMA10A04820R1 AT1G05820 -1.66 -1.04 CATMA10C71140F1 AT1G10360 -1.83 -1.09
CATMA10C71005F1 AT1G01390 -1.83 1.46 CATMA10A04900R1 AT1G05880 1.18 1.62 CATMA10C71141F1 AT1G10370 -1.80 -1.33
CATMA10A00460F1 AT1G01470 1.76 1.99 CATMA10A05065F1 AT1G06040 -1.59 -1.42 CATMA10A09230R1 AT1G10380 -2.47 -1.01
CATMA10A00465R1 AT1G01480 4.27 3.45 CATMA10N92342R1 AT1G06090 -1.80 1.07 CATMA10A09322F1 AT1G10470 -1.80 1.03
CATMA10A00470F1 AT1G01490 1.51 1.10 CATMA10N92349R1 AT1G06100 -1.33 -1.80 CATMA10A09340R1 AT1G10510 -1.77 -1.37
CATMA10A00550R1 AT1G01570 2.07 1.84 CATMA10F00028R1 AT1G06120 -5.08 -1.51 CATMA10C71143F1 AT1G10640 -1.50 -1.58
CATMA10A00560R1 AT1G01580 14.50 1.35 CATMA10A05200R1 AT1G06160 2.15 1.43 CATMA10A09640F1 AT1G10760 1.88 1.57
CATMA10N101947F1 AT1G01620 -1.56 -1.18 CATMA10N102012R1 AT1G06240 -1.53 -1.44 CATMA10A09650F1 AT1G10770 1.13 2.27
CATMA10A00640F1 AT1G01660 1.60 2.25 CATMA10A05490F1 AT1G06460 1.38 1.53 CATMA10A09670R1 AT1G10790 -1.51 1.07
CATMA10A00650F1 AT1G01670 1.75 1.35 CATMA10A05510F1 AT1G06475 1.08 -1.63 CATMA10A09850R1 AT1G10960 -1.59 -1.36
CATMA10A00660F1 AT1G01680 2.25 3.51 CATMA10A05520R1 AT1G06490 1.52 1.14 CATMA10A09880F1 AT1G10990 1.98 -1.02
CATMA10A00725R1 AT1G01720 1.73 -1.03 CATMA10A05540R1 AT1G06510 -1.82 -1.08 CATMA10A09920R1 AT1G11050 1.86 1.14
CATMA10C71012F1 AT1G01860 -1.79 -1.11 CATMA10A05580F1 AT1G06550 1.53 -1.13 CATMA10A09940F1 AT1G11070 -1.58 -1.17
CATMA10A01160R1 AT1G02150 -1.57 -1.22 CATMA10A05650R1 AT1G06620 1.64 -1.12 CATMA10AQ9950F1 AT1G11080 -4.10 -2.11
CATMA10A01186R1 AT1G02205 -1.36 -1.76 CATMA10C71070R1 AT1G06640 -1.54 -1.11 CATMA10A10070R1 AT1G11170 1.54 1.39
CATMA10A01200F1 AT1G02220 5.04 1.93 CATMA10A05730F1 AT1G06690 -1.66 -1.34 CATMA10A10110F1 AT1G11190 -1.12 2.63
CATMA10C71016F1 AT1G02230 1.36 1.72 CATMA10A05880F1 AT1G06800 1.51 1.08 CATMA10A10130F1 AT1G11210 2.31 1.78
CATMA10A01250F1 AT1G02280 -1.76 -1.14 CATMA10C71073R1 AT1G06830 1.03 -1.57 CATMA10A10175R1 AT1G11260 -1.65 1.40
CATMA10D06013R1 AT1G02320 -1.64 -1.45 CATMA10A05910F1 AT1G06840 1.55 1.03 CATMA10A10240F1 AT1G11310 1.60 1.10
CATMA10A01350F1 AT1G02360 1.96 1.43 CATMA10A06040F1 AT1G06980 -1.59 1.11 CATMA10A10260R1 AT1G11330 1.86 1.02
CATMA10A01380R1 AT1G02390 1.84 1.54 CATMA10A06060F1 AT1G07000 2.12 1.50 CATMA10A10390R1 AT1G11450 -2.74 -1.18
CATMA10A01420R1 AT1G02410 1.22 1.52 CATMA10A06070R1 AT1G07010 -1.59 -1.13 CATMA10F02512R1 AT1G11460 -3.71 1.15
CATMA10C71018F1 AT1G02470 1.45 1.69 CATMA10A06120F1 AT1G07050 2.08 1.18 CATMA10A10510F1 AT1G11545 -1.85 -1.34
CATMA10A01500R1 AT1G02520 1.45 1.86 CATMA10A06190F1 AT1G07135 2.42 -1.01 CATMA10C71158F1 AT1G11820 -1.63 -1.21
CATMA10C71021R1 AT1G02570 -1.05 -1.56 CATMA10N92574R1 AT1G07175 -2.24 1.76 CATMA10A10870R1 AT1G11860 -1.56 -1.16
CATMA10A01590R1 AT1G02640 -1.66 1.14 CATMA10A06310F1 AT1G07260 1.74 1.03 CATMA10C71160R1 AT1G11870 -1.57 -1.25
CATMA10A01730R1 AT1G02810 1.89 1.04 CATMA10A06385R1 AT1G07320 -1.76 -1.18 CATMA10A11060R1 AT1G12010 3.01 -1.12
CATMA10A01755F1 AT1G02820 -2.23 -1.74 CATMA10A06500F1 AT1G07430 1.07 1.65 CATMA10A11080F1 AT1G12030 -1.01 -8.46
CATMA10N101965R1 AT1G02850 5.63 1.40 CATMA10C71081F1 AT1G07440 -1.65 -1.25 CATMA10A11090R1 AT1G12040 1.42 1.56
CATMA10A01820F1 AT1G02900 -1.67 1.17 CATMA10C71082F1 AT1G07450 -2.70 -1.57 CATMA10N94924R1 AT1G12080 -1.71 -1.12
CATMA10A01825F1 AT1G02910 -1.57 -1.17 CATMA10N92174F1 AT1G07490 -1.09 -1.91 CATMA10A11140R1 AT1G12100 -1.58 -1.22
CATMA10N92561F1 AT1G02920 5.69 1.54 CATMA10A06580F1 AT1G07500 1.05 -1.92 CATMA10A11145R1 AT1G12110 -1.06 -1.69
CATMA10F00011F1 AT1G02930 5.74 1.32 CATMA10A06650R1 AT1G07560 1.83 1.19 CATMA10A11170R1 AT1G12140 1.60 1.08
CATMA10A01880F1 AT1G03020 -1.42 -1.83 CATMA10A06680F1 AT1G07590 1.54 1.01 CATMA10C71165R1 AT1G12200 3.73 1.23
CATMA10C71028F1 AT1G03106 -1.28 2.28 CATMA10C71085R1 AT1G07610 2.00 1.00 CATMA10A11240R1 AT1G12220 1.54 -1.06
CATMA10A02160R1 AT1G03290 1.61 1.41 CATMA10N92670F1 AT1G07620 2.22 1.79 CATMA10A11270R1 AT1G12244 -1.55 -1.34
CATMA10A02220R1 AT1G03340 1.65 1.17 CATMA10A06872F1 AT1G07880 1.82 -1.55 CATMA10A11280R1 AT1G12250 -1.64 -1.17
CATMA10A02340F1 AT1G03470 -1.18 -2.13 CATMA10A06874R1 AT1G07890 2.18 1.54 CATMA10A11290F1 AT1G12260 -1.58 1.14
CATMA10N92344R1 AT1G03495 2.02 -2.61 CATMA10N95260R1 AT1G07900 1.77 1.65 CATMA10A11350R1 AT1G12320 1.57 -1.06
CATMA10A02490R1 AT1G03600 -2.48 -1.17 CATMA10A07030F1 AT1G08050 2.10 1.41 CATMA10A11470R1 AT1G12460 -1.54 -1.63
CATMA10A02535F1 AT1G03660 1.12 1.66 CATMA10C71095F1 AT1G08080 5.01 -1.05 CATMA10A11720R1 AT1G12740 -1.52 -1.02
CATMA10A02595R1 AT1G03740 1.72 1.31 CATMA10A07063R1 AT1G08090 -1.67 -1.15 CATMA10A11780F1 AT1G12800 -1.56 -1.23
CATMA10A02650R1 AT1G03790 2.65 1.55 CATMA10A07066F1 AT1G08100 -1.63 -3.09 CATMA10A11800R1 AT1G12805 -1.34 -2.14
CATMA10A02710F1 AT1G03850 1.66 1.67 CATMA10A07130F1 AT1G08150 -1.60 -1.63 CATMA10A11900F1 AT1G12900 -1.72 -1.08
CATMA10A02730R1 AT1G03880 -11.53 -6.22 CATMA10A07220F1 AT1G08230 2.61 1.12 CATMA10A11930R1 AT1G12940 3.64 1.35
CATMA10A02740R1 AT1G03890 -2.99 -1.45 CATMA10A07280F1 AT1G08290 1.72 -1.05 CATMA10F00063R1 AT1G13080 -2.52 -1.51
CATMA10D05001F1 AT1G03940 1.38 -1.97 CATMA10A07320F1 AT1G08320 1.59 1.44 CATMA10C71181R1 AT1G13110 1.53 -1.06
CATMA10A03102F1 AT1G04240 -1.59 -1.18 CATMA10N102039R1 AT1G08430 2.32 -1.11 CATMA10C71182F1 AT1G13195 1.52 1.45
CATMA10A03160F1 AT1G04330 -1.93 -1.52 CATMA10A07465R1 AT1G08500 -1.63 -1.46 CATMA10A12220F1 AT1G13210 243 1.50
CATMA10A03200R1 AT1G04370 3.65 1.04 CATMA10A07796R1 AT1G08930 1.75 1.27 CATMA10A12230R1 AT1G13220 -1.01 1.59
CATMA10A03235F1 AT1G04400 1.53 1.33 CATMA10A07800R1 AT1G08940 2.28 1.40 CATMA10A12310F1 AT1G13310 1.49 1.51
CATMA10A03250R1 AT1G04420 -2.75 -1.22 CATMA10A07910R1 AT1G09090 1.98 1.36 CATMA10N92429F1 AT1G13340 2.26 1.83
CATMA10A03360R1 AT1G04520 -1.43 -1.56 CATMA10C71113F1 AT1G09210 2.16 1.14 CATMA10A12420R1 AT1G13420 1.60 -1.89
CATMA10A03410R1 AT1G04560 -2.91 -1.27 CATMA10A08070F1 AT1G09230 1.16 1.65 CATMA10A12430R1 AT1G13430 1.21 -1.60
CATMA1ON101983F1 AT1G04620 -1.65 -1.03 CATMA10A08080R1 AT1G09240 2.44 5.33 CATMA10C71186F1 AT1G13470 2.62 2.83
CATMA10A03500F1 AT1G04660 -1.76 -1.31 CATMA10C71117R1 AT1G09310 -1.09 -1.77 CATMA10A12480F1 AT1G13480 3.29 1.33
CATMA10A03840R1 AT1G05000 1.76 -1.09 CATMA10C71120R1 AT1G09340 -2.19 -1.12 CATMA10ON92067F1 AT1G13490 2.26 1.22
CATMA10A03900F1 AT1G05060 1.84 1.44 CATMA10N92609R1 AT1G09390 -2.07 -1.32 CATMA10C71187F1 AT1G13510 1.50 1.26
CATMA10A04000R1 AT1G05140 -1.68 -1.11 CATMA10A08310R1 AT1G09460 2.39 1.49 CATMA10C71188F1 AT1G13520 1.98 1.61
CATMA10A04040F1 AT1G05190 -1.78 -1.39 CATMA10C71125R1 AT1G09500 1.60 1.70 CATMA10D05008R1 AT1G13609 -1.11 -2.14
CATMA10A04170F1 AT1G05300 1.02 1.97 CATMA10A08400R1 AT1G09540 -1.07 1.68 CATMA10A12590F1 AT1G13610 -1.31 -3.36
CATMA10C71047F1 AT1G05340 3.46 243 CATMA10A08413R1 AT1G09560 297 1.45 CATMA10A12640F1 AT1G13650 -6.03 -1.57



Table 22: Continued

Ratio Ratio Ratio
D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe
CATMA10A12650R1 AT1G13670 -1.74 -1.31 CATMA10A17400R1 AT1G18380 1.59 1.36 CATMA10A21880F1 AT1G22850 -1.61 -1.13
CATMA10C71192R1 AT1G13820 -1.71 -1.18 CATMA10C71277R1 AT1G18390 1.59 1.21 CATMA10A21980R1 AT1G22930 2.05 1.89
CATMA10A12940R1 AT1G13990 1.72 1.48 CATMA10ON94952F1 AT1G18470 1.29 1.65 CATMA10C71361F1 AT1G23020 1.49 -1.92
CATMA10A12980F1 AT1G14030 -1.56 -1.13 CATMA10A17615R1 AT1G18570 4.74 1.79 CATMA10A22110R1 AT1G23040 1.65 1.61
CATMA10A13090F1 AT1G14120 -2.88 -2.20 CATMA10A17630R1 AT1G18590 -1.05 -1.50 CATMA10A22130F1 AT1G23060 1.75 1.30
CATMA10A13120R1 AT1G14150 -2.03 -1.26 CATMA10A17680F1 AT1G18650 -1.34 -1.66 CATMA10A22170F1 AT1G23110 2.20 -1.28
CATMA10A13130F1 AT1G14160 -2.02 -1.01 CATMA10A17780R1 AT1G18730 -2.25 -1.08 CATMA10A22180R1 AT1G23120 2.41 -1.13
CATMA10ON92590F1 AT1G14182 1.89 3.35 CATMA10C72289R1 AT1G18773 -2.70 -1.34 CATMA10C71363F1 AT1G23140 1.93 -1.01
CATMA10A13170R1 AT1G14185 3.72 2.42 CATMA10A17860F1 AT1G18810 -1.51 -1.51 CATMA10A22290F1 AT1G23205 -2.32 -1.53
CATMA10A13280F1 AT1G14270 -1.95 -1.23 CATMA10C71281R1 AT1G18880 -1.56 1.13 CATMA10A22460F1 AT1G23390 -1.59 -1.63
CATMA10A13290R1 AT1G14280 -1.83 -1.53 CATMA10A17960F1 AT1G18910 1.20 1.26 CATMA10A22534F1 AT1G23560 1.66 1.37
CATMA10A13300F1 AT1G14290 -1.73 -1.42 CATMA10F02520F1 AT1G18970 1.61 -1.01 CATMA10A22610R1 AT1G23720 -1.07 1.66
CATMA10A13350R1 AT1G14345 -2.01 -1.23 CATMA10A18010F1 AT1G18980 2.15 -1.30 CATMA10A22630F1 AT1G23740 -1.70 -1.37
CATMA10C71203R1 AT1G14370 3.65 1.37 CATMA10A18050R1 AT1G19020 4.61 1.30 CATMA10A22680F1 AT1G23800 1.86 1.09
CATMA10A13430R1 AT1G14430 -1.67 -1.34 CATMA10A18090F1 AT1G19050 -2.69 1.04 CATMA10A22700F1 AT1G23830 2.10 1.34
CATMA10A13490R1 AT1G14480 2.29 1.09 CATMA10A18195R1 AT1G19150 -2.20 -1.28 CATMA10A22710F1 AT1G23840 2.44 1.55
CATMA10A13550F1 AT1G14540 1.27 -1.90 CATMA10A18220R1 AT1G19180 3.19 1.59 CATMA10A22720F1 AT1G23850 1.54 -1.01
CATMA10C71207R1 AT1G14780 2.16 1.00 CATMA10A18290F1 AT1G19250 1.37 2.40 CATMA10A22730R1 AT1G23870 1.66 1.55
CATMA10A13890R1 AT1G14860 3.58 1.93 CATMA10A18340F1 AT1G19310 1.62 1.33 CATMA10A22870F1 AT1G24020 -1.13 -1.87
CATMA10C71209F1 AT1G14870 3.36 1.41 CATMA10A18400R1 AT1G19380 1.86 1.09 CATMA10A22950R1 AT1G24090 1.70 1.11
CATMA10A13910F1 AT1G14880 1.26 3.69 CATMA10A18530F1 AT1G19510 -1.32 1.61 CATMA10A23010R1 AT1G24145 3.88 1.75
CATMA10A13920R1 AT1G14890 1.80 -1.12 CATMA10A18560R1 AT1G19530 1.50 1.53 CATMA10N92336R1 AT1G24147 1.82 1.89
CATMA10C71210F1 AT1G14930 -1.43 -1.51 CATMA10A18630F1 AT1G19610 2.06 1.10 CATMA10A23165F1 AT1G24260 -2.31 -1.61
CATMA10A14030F1 AT1G15040 23.19 -1.07 CATMA10A18650F1 AT1G19630 2.08 -1.22 CATMA10C71389F1 AT1G24320 1.77 1.53
CATMA10A14110R1 AT1G15125 3.44 2.03 CATMA10A18695F1 AT1G19670 -1.33 -1.61 CATMA10A23520F1 AT1G24575 1.71 1.06
CATMA10F00073R1 AT1G15150 -1.76 -1.42 CATMAION102189F1 | AT1G19720 -1.97 1.11 CATMA10A23510R1 AT1G24580 -1.38 -7.84
CATMA10C71216R1 AT1G15170 1.59 1.12 CATMA10A18780R1 AT1G19770 1.53 1.09 CATMA10A23570F1 AT1G24620 -1.55 -1.34
CATMA10C71217R1 AT1G15180 -1.61 -1.23 CATMA10A18865R1 AT1G19850 2.23 1.10 CATMA10A23880F1 AT1G25230 -1.65 1.02
CATMA10A14260R1 AT1G15260 -1.95 -1.94 CATMA10A18910F1 AT1G19900 -3.64 1.30 CATMA10C71392R1 AT1G25275 1.97 1.01
CATMA10A14400R1 AT1G15380 1.15 -2.12 CATMA10A18950R1 AT1G19960 8.30 3.48 CATMA10A24050F1 AT1G25390 1.66 1.15
CATMA10A14420R1 AT1G15390 -1.55 -1.06 CATMA10A19170F1 AT1G20160 -1.78 -3.23 CATMA10A24060F1 AT1G25400 1.61 1.23
CATMA10A14440R1 AT1G15410 1.48 -1.65 CATMA10A19190F1 AT1G20190 -1.50 -1.45 CATMA10A24170R1 AT1G25480 1.97 2.17
CATMA10A14470R1 AT1G15430 1.59 1.06 CATMA10A19333F1 AT1G20340 -1.73 -1.13 CATMA10A24220F1 AT1G25530 2.46 1.02
CATMA10A14680R1 AT1G15670 2.32 1.29 CATMA10A19470R1 AT1G20470 -1.50 -1.35 CATMA10A24430R1 AT1G26210 -1.67 -1.80
CATMA10A14740F1 AT1G15730 -1.75 -1.05 CATMA10A19510F1 AT1G20510 1.90 1.10 CATMA10A24440R1 AT1G26220 -2.47 -1.30
CATMA10A14830F1 AT1G15790 3.59 1.51 CATMA10A19640R1 AT1G20620 2.08 2.20 CATMA10A24480R1 AT1G26250 2.82 -1.06
CATMA10A14840F1 AT1G15800 1.53 1.23 CATMA10A19645R1 AT1G20630 1.40 2.19 CATMA10C71401F1 AT1G26380 4.86 2.39
CATMA10N92423R1 AT1G15885 -1.58 -1.16 CATMA10C71308R1 AT1G20700 1.56 1.25 CATMA1ON92133F1 AT1G26390 24.65 2.82
CATMA10A15010R1 AT1G15980 -1.88 -1.10 CATMA10A19840R1 AT1G20780 1.50 1.17 CATMA10F00148F1 AT1G26400 4.36 1.99
CATMA10A15080R1 AT1G16080 -1.70 -1.09 CATMA10A19890R1 AT1G20810 -1.67 -1.26 CATMA10A24650F1 AT1G26410 6.78 2.12
CATMA10N94939R1 AT1G16120 2.11 1.60 CATMA10C71311R1 AT1G20816 -1.55 -1.20 CATMA10NS92357F1 AT1G26420 5.91 1.86
CATMA10N94940R1 AT1G16140 2.21 1.38 CATMA10A19910R1 AT1G20830 -1.61 -1.03 CATMA10A24680F1 AT1G26450 1.81 -1.18
CATMA10N94941R1 AT1G16150 1.58 1.81 CATMA10A19913F1 AT1G20840 1.75 1.16 CATMA10A24790R1 AT1G26560 -1.51 -1.59
CATMA10A15310R1 AT1G16320 -1.69 1.19 CATMA10A19916R1 AT1G20850 -1.63 1.01 CATMA10A24930R1 AT1G26700 -1.61 1.16
CATMA10A15360R1 AT1G16370 -1.58 -1.63 CATMA1ON92705F1 AT1G21100 2.12 1.47 CATMA10N94982R1 AT1G26730 1.92 1.02
CATMA10A15380R1 AT1G16390 -1.73 -1.26 CATMA10N92460F1 AT1G21110 2.10 1.47 CATMA10A24990F1 AT1G26761 -1.82 -1.51
CATMA10A15390R1 AT1G16400 -1.47 -1.54 CATMA10N92153F1 AT1G21120 3.41 1.71 CATMA10N92479R1 AT1G26762 2.61 1.34
CATMA10A15400R1 AT1G16410 1.00 -1.96 CATMA10N92537F1 AT1G21130 2.76 1.55 CATMA10A25130R1 AT1G26920 -1.58 1.00
CATMA10A15430R1 AT1G16445 -1.92 -1.19 CATMA10C71317R1 AT1G21140 4.00 2.13 CATMA10A25160R1 AT1G26945 1.05 -1.53
CATMA10C71245F1 AT1G16515 -1.89 -1.16 CATMA10A20200F1 AT1G21150 -1.53 -1.01 CATMA10C71410R1 AT1G27020 3.43 -1.09
CATMA10A15630R1 AT1G16670 1.80 1.32 CATMA10N92691R1 AT1G21245 1.89 1.93 CATMA10C71411R1 AT1G27030 1.63 1.52
CATMA10A15690R1 AT1G16720 -2.08 -1.17 CATMA10C71318R1 AT1G21250 1.32 1.77 CATMA10A25330F1 AT1G27100 4.29 1.90
CATMA10A15700F1 AT1G16730 -1.45 -1.53 CATMA10B20325R1 AT1G21270 2.27 1.45 CATMA10A25700F1 AT1G27461 -1.91 -1.39
CATMA10A15870R1 AT1G16880 -1.58 -1.08 CATMA10F02529F1 AT1G21326 1.67 1.14 CATMA10A25720R1 AT1G27480 -1.63 -1.20
CATMA10N102147R1 AT1G17020 2.73 1.61 CATMA10ON102218F1 AT1G21350 -1.78 -1.22 CATMA10A25965F1 AT1G27730 2.65 1.39
CATMA10N102148R1 AT1G17050 -1.82 -1.27 CATMA10N102219R1 AT1G21360 1.58 1.47 CATMA10A25970R1 AT1G27740 3.71 2.08
CATMA10A16085F1 AT1G17090 -1.92 -1.19 CATMA10A20450F1 AT1G21390 1.72 1.26 CATMA10A26010F1 AT1G27770 1.69 1.43
CATMA10A16090R1 AT1G17100 -1.57 -1.43 CATMA10A20470R1 AT1G21400 1.54 1.23 CATMA10A26160R1 AT1G27980 1.97 1.07
CATMA10C71256F1 AT1G17140 -1.34 -1.62 CATMA10A20505R1 AT1G21450 1.74 1.31 CATMA10A26240F1 AT1G28050 1.96 1.45
CATMA10A16150F1 AT1G17147 1.76 2.01 CATMA10A20550F1 AT1G21500 -1.89 -1.09 CATMA10A26390F1 AT1G28190 1.57 1.58
CATMA10C71257R1 AT1G17170 2.11 1.69 CATMA1ON94964F1 AT1G21520 10.48 1.41 CATMA10A26405F1 AT1G28230 4.58 1.52
CATMA10C71258R1 AT1G17180 1.70 1.36 CATMA10A20580F1 AT1G21525 7.33 3.45 CATMA10A26430F1 AT1G28260 1.91 1.51
CATMA10A16240R1 AT1G17230 -1.04 -1.56 CATMA10A20610F1 AT1G21540 -1.54 1.06 CATMA10A26515F1 AT1G28330 1.45 1.78
CATMA10A16280F1 AT1G17250 2.62 -1.07 CATMA10A20760R1 AT1G21670 2.42 1.68 CATMA10A26550F1 AT1G28370 2.76 1.26
CATMA10A16330R1 AT1G17300 -2.83 -1.28 CATMA10A20770R1 AT1G21680 1.29 1.55 CATMA10A26570R1 AT1G28380 1.91 1.18
CATMA10C71260F1 AT1G17380 1.56 1.09 CATMA10A20840R1 AT1G21750 1.59 1.17 CATMA10A26690F1 AT1G28480 2.44 1.57
CATMA10C71263R1 AT1G17430 -1.27 1.86 CATMA10A20890F1 AT1G21810 -1.53 -1.22 CATMA10C71438F1 AT1G28570 1.51 1.01
CATMA10A16510R1 AT1G17460 1.55 1.14 CATMA10A20920F1 AT1G21850 1.43 2.18 CATMA10A26790F1 AT1G28580 1.71 1.03
CATMA10N102159F1 AT1G17650 -2.03 -1.44 CATMA10ONS94967F1 AT1G21860 1.27 1.78 CATMA10C71439F1 AT1G28600 1.61 -1.11
CATMA10A16700F1 AT1G17665 1.71 1.37 CATMA10A21215R1 AT1G22070 1.61 1.27 CATMA10C71442R1 AT1G28680 1.62 1.03
CATMA10A16740R1 AT1G17700 -1.68 -1.82 CATMA10A21280R1 AT1G22150 1.98 -1.18 CATMA10F02557F1 AT1G28700 -2.07 -1.38
CATMAION102162R1 | AT1G17745 2.29 1.34 CATMA10A21290R1 AT1G22160 2.36 -1.19 CATMA10A27050R1 AT1G29070 -2.29 -1.47
CATMA10C71265R1 AT1G17810 -1.58 -1.28 CATMA10C71330F1 AT1G22180 1.75 1.13 CATMA10A27080R1 AT1G29100 2.56 4.62
CATMA10A16955R1 AT1G17950 1.14 1.59 CATMA10A21460R1 AT1G22330 -1.52 -1.09 CATMA10A27250R1 AT1G29270 1.61 1.23
CATMA10A16960F1 AT1G17960 2.29 -1.26 CATMA10C71338F1 AT1G22360 1.77 1.04 CATMA10A27260R1 AT1G29280 2.14 1.46
CATMA10A17070F1 AT1G18060 -2.14 -1.23 CATMA10F00114F1 AT1G22370 2.55 1.13 CATMA10A27270R1 AT1G29290 2.16 1.70
CATMA10A17095F1 AT1G18100 2.86 -1.15 CATMA10C71341R1 AT1G22440 1.62 1.14 CATMA10A27305F1 AT1G29330 1.52 1.30
CATMA10A17150R1 AT1G18170 -1.64 -1.36 CATMA10ONS92265F1 AT1G22510 1.60 1.13 CATMA10N102303F1 AT1G29395 3.15 1.38
CATMA10N92402F1 AT1G18200 4.18 1.56 CATMA10A21680F1 AT1G22570 1.28 1.71 CATMA10F00201F1 AT1G29420 -1.25 -1.54
CATMA10A17200F1 AT1G18210 1.71 1.22 CATMA10A21690R1 AT1G22590 -1.94 -1.34 CATMA10N92540F1 AT1G29430 -1.51 -1.64
CATMA10C71274F1 AT1G18330 -1.82 -1.16 CATMA10A21823R1 AT1G22770 1.49 1.72 CATMA1ON92689F1 AT1G29440 -1.45 -1.80




Table 22: Continued

Ratio Ratio Ratio
D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe
CATMA10N102304F1 AT1G29450 -1.35 -1.89 CATMA10C71566F1 AT1G35250 -1.99 1.14 AT1G49820 2.62 1.61
CATMA10ONS92113F1 AT1G29460 -1.39 -2.15 CATMA10A33420F1 AT1G35290 1.36 -2.05 CATMA10A40940R1 AT1G49860 1.99 -1.46
CATMA10N92279R1 AT1G29490 -1.44 -2.24 CATMA10A33430F1 AT1G35310 2.89 -1.01 CATMA10C71726R1 AT1G49975 -1.68 -1.07
CATMA10N92388R1 AT1G29500 -1.38 -1.85 CATMA1ON95048F1 AT1G35350 1.72 1.00 CATMA10A41150R1 AT1G50040 -1.52 1.03
CATMA10N92052R1 AT1G29510 -1.52 -1.73 CATMA10N102393F1 AT1G35580 1.51 1.48 CATMA10A41270R1 AT1G50180 -1.08 -1.76
CATMA10A27485F1 AT1G29530 -1.54 -1.22 CATMA10A33890R1 AT1G35710 3.65 1.82 CATMA10A41325F1 AT1G50250 -1.79 -1.08
CATMA10A27610F1 AT1G29690 1.65 1.13 CATMA10A34270R1 AT1G36180 2.24 1.08 CATMA10A41355F1 AT1G50290 -2.14 -1.13
CATMA10A27620F1 AT1G29700 -1.70 -1.09 CATMA10A34520F1 AT1G36390 -1.60 -1.10 CATMA10A41375F1 AT1G50320 -1.95 1.10
CATMA10C71461F1 AT1G29720 -1.75 -2.13 CATMA10D02597F1 AT1G36950 1.69 1.44 CATMA10A41480F1 AT1G50420 1.78 1.23
CATMA10F00212R1 AT1G29830 1.54 -1.02 CATMA1ON92582F1 AT1G42490 1.61 1.01 CATMA10A41510F1 AT1G50450 -1.86 -1.38
CATMA10A28065R1 AT1G30040 3.15 1.23 CATMA10A36040R1 AT1G42550 -1.81 -1.42 CATMA10A41630F1 AT1G50590 -2.04 -1.07
CATMA10A28100F1 AT1G30080 1.75 1.30 CATMA10A36300R1 AT1G42970 -2.28 -1.33 CATMA10A41770R1 AT1G50730 -2.95 -1.43
CATMA10A28190R1 AT1G30160 1.82 1.05 CATMA10A36330F1 AT1G42990 1.93 1.22 CATMA10A41790R1 AT1G50740 1.90 1.31
CATMA10A28250F1 AT1G30220 1.59 1.09 CATMA10A36370R1 AT1G43020 -1.62 -1.26 CATMA10C71743R1 AT1G50900 -1.72 -1.02
CATMA10A28393R1 AT1G30400 1.53 1.17 CATMA10A36590R1 AT1G43160 -1.88 -1.28 CATMA10A42150F1 AT1G51080 -1.82 -1.19
CATMA10A28540R1 AT1G30520 -1.72 -1.10 CATMA10A36890F1 AT1G43560 -1.67 -1.06 CATMA10A42160R1 AT1G51090 1.55 1.11
CATMA10A28550R1 AT1G30530 -1.01 -1.68 CATMA10A37010F1 AT1G43650 -2.83 1.05 CATMA10A42170R1 AT1G51100 -1.94 -1.16
CATMA10A28670R1 AT1G30620 1.75 -1.00 CATMA10A37020R1 AT1G43670 -1.59 1.12 CATMA10A42180R1 AT1G51110 -1.68 -1.45
CATMA10A28700R1 AT1G30650 1.90 1.17 CATMA10A37240R1 AT1G43790 -1.96 1.00 CATMA10A42340F1 AT1G51260 -1.55 1.40
CATMA10A28740R1 AT1G30690 -1.59 -1.41 CATMA10A37250R1 AT1G43800 -3.78 -5.13 CATMA10A42350R1 AT1G51270 1.55 1.23
CATMA10A28780R1 AT1G30730 3.52 1.18 CATMA10A37400F1 AT1G43910 8.08 2.62 CATMA10A42420R1 AT1G51340 1.05 -1.62
CATMA10A28800F1 AT1G30750 -1.62 -1.14 CATMA10A37510F1 AT1G44000 -2.58 -1.51 CATMA10C71753F1 AT1G51420 2.27 1.33
CATMA10A28830R1 AT1G30760 5.59 -1.15 CATMA10NS5070R1 AT1G44050 -1.56 1.06 CATMA10N92136R1 AT1G51470 -1.30 1.54
CATMA10A28940F1 AT1G30820 1.57 1.43 CATMA10A37610F1 AT1G44110 -1.51 -1.43 CATMA10C71754R1 AT1G51490 -1.33 1.55
CATMA10A28980R1 AT1G30840 -8.30 1.08 CATMA10A37630F1 AT1G44130 1.78 1.45 CATMA10A42740R1 AT1G51610 1.26 1.54
CATMA10A29020R1 AT1G30870 1.62 1.61 CATMA10C71613F1 AT1G44350 -1.40 -1.55 CATMA10A42750R1 AT1G51620 1.51 -1.23
CATMA10C71482F1 AT1G31050 -3.04 1.08 CATMA10C71615F1 AT1G44446 -1.72 -1.09 CATMA10A42782F1 AT1G51680 1.58 1.07
CATMA10A29240F1 AT1G31060 -2.04 1.18 CATMA10C71618R1 AT1G44575 -1.59 -1.29 CATMA10C71758R1 AT1G51760 1.59 1.12
CATMA10C71486F1 AT1G31130 1.57 1.10 CATMA10A37780F1 AT1G44800 -1.51 -1.31 CATMA10A42900F1 AT1G51805 1.52 -1.15
CATMA10A29555F1 AT1G31330 -1.36 1.84 CATMA10A37880F1 AT1G44920 -1.57 1.12 CATMA1ONS5101F1 AT1G51820 1.45 -1.98
CATMA10A29810R1 AT1G31580 1.62 1.78 CATMA10A37930R1 AT1G45000 1.57 1.18 CATMA10N95102F1 AT1G51830 1.99 -1.09
CATMA10C71500R1 AT1G31710 -1.68 -1.33 CATMA10C71627F1 AT1G45010 -1.31 -1.71 CATMA10C71760F1 AT1G51840 2.47 -1.06
CATMA10A29980F1 AT1G31770 1.04 -1.52 CATMA10A37950R1 AT1G45015 -1.67 -1.58 CATMA10N92310F1 AT1G51850 1.62 -1.12
CATMA10A30010R1 AT1G31800 -1.83 -1.51 CATMA10A38000F1 AT1G45145 1.68 1.48 CATMA10F00378_NF1 AT1G51860 2.04 1.17
CATMA10A30080F1 AT1G31820 2.25 1.15 CATMA10A38050R1 AT1G45180 1.60 -1.07 CATMA10B43120F1 AT1G52000 2.72 1.29
CATMA10N102339F1 AT1G31835 -1.97 -1.31 CATMA10C71631R1 AT1G45191 1.08 -3.34 CATMA10A43130F1 AT1G52050 -2.30 1.22
CATMA10A30190F1 AT1G31920 -2.38 -1.86 CATMA10C71632R1 AT1G45201 -1.15 -1.70 CATMA10A43140F1 AT1G52060 -2.78 1.09
CATMA10A30400R1 AT1G32060 -1.62 -1.13 CATMA10C71634F1 AT1G45230 -1.73 -1.12 CATMA10C71765F1 AT1G52070 -1.59 1.12
CATMA10C71504F1 AT1G32100 -1.89 1.00 CATMA10C71663R1 AT1G47395 -1.90 -6.60 CATMA10A43160F1 AT1G52100 -2.46 -1.79
CATMA10ON92166F1 AT1G32110 -1.67 1.04 CATMA10C71664R1 AT1G47400 -4.27 -4.25 CATMA10A43190F1 AT1G52120 34.46 13.14
CATMA10A30550F1 AT1G32200 -1.55 1.10 CATMA10D02628F1 AT1G47540 -18.1 -6.79 CATMA10A43200F1 AT1G52130 5.81 3.20
CATMA10A30570R1 AT1G32220 -1.61 -1.14 CATMA10A38560R1 AT1G47580 -1.97 -1.43 CATMA10A43260R1 AT1G52190 -1.78 -1.68
CATMA10ONS5020R1 AT1G32300 3.01 3.36 CATMA10ONS2104F1 AT1G47590 -1.62 1.10 CATMA10A43273F1 AT1G52220 -1.58 -1.04
CATMA10A30720F1 AT1G32350 1.22 1.75 CATMA10A38970R1 AT1G47890 1.60 1.56 CATMA10A43455R1 AT1G52400 1.17 -1.52
CATMA10A30770R1 AT1G32380 1.59 1.32 CATMA10A39055F1 AT1G47960 2.16 -1.03 CATMA10N102614R1 AT1G52410 1.40 -1.66
CATMA10A30870F1 AT1G32470 -1.78 -1.40 CATMA10A39070F1 AT1G47980 1.07 -1.51 CATMA10A43550F1 AT1G52510 -1.77 -1.12
CATMA10A30910R1 AT1G32510 2.25 1.21 CATMA10A39090F1 AT1G48000 4.27 1.02 CATMA10A43640F1 AT1G52590 -1.53 1.00
CATMA10A30940R1 AT1G32540 -1.25 2.27 CATMA10A39150F1 AT1G48090 1.50 1.19 CATMA10A43745R1 AT1G52690 1.52 -1.24
CATMA10A30942F1 AT1G32550 -1.60 -1.15 CATMA10A39180R1 AT1G48100 -1.76 1.03 CATMA1ONS5109F1 AT1G52700 1.66 -1.76
CATMA10C71516R1 AT1G32700 1.50 1.30 CATMA10A39210R1 AT1G48130 -3.12 -2.22 CATMA10A43820R1 AT1G52760 1.58 1.08
CATMA10N102349R1 AT1G32740 1.08 2.04 CATMA10NS2232R1 AT1G48210 1.79 1.35 CATMA10C71784F1 AT1G52855 2.13 2.10
CATMA10C71521R1 AT1G32940 1.80 1.47 CATMA10F02632_NR1 | AT1G48220 1.69 1.37 CATMA10B43915F1 AT1G52880 1.52 1.32
CATMA10C71522R1 AT1G32960 2.50 1.26 CATMA10A39330F1 AT1G48260 1.63 2.03 CATMA10A43920F1 AT1G52890 2.31 1.05
CATMA10A31300R1 AT1G32990 -1.55 -1.23 CATMA10A39430R1 AT1G48350 -1.89 -1.26 CATMA10C71786F1 AT1G53035 1.50 1.75
CATMA10A31330F1 AT1G33030 2.65 1.16 CATMA10A39460R1 AT1G48370 1.57 1.16 CATMA10A44160F1 AT1G53130 1.72 -1.02
CATMA10A31520F1 AT1G33240 -1.53 -1.09 CATMA10A39570R1 AT1G48470 -1.54 -1.24 CATMA10A44260R1 AT1G53250 -1.62 -1.11
CATMA10A31580R1 AT1G33290 -1.63 -1.20 CATMA10N102535R1 AT1G48480 -1.69 -1.19 CATMA10A44280R1 AT1G53270 -1.13 1.72
CATMA10A31710F1 AT1G33440 -2.75 -2.46 CATMA10A39610R1 AT1G48510 1.52 -1.18 CATMA10F00393F1 AT1G53340 1.58 1.24
CATMA10A31830R1 AT1G33560 2.09 1.19 CATMA10A39620R1 AT1G48520 -1.69 -1.48 CATMA10C71791R1 AT1G53430 1.58 1.14
CATMA10F02569F1 AT1G33720 1.76 1.31 CATMA10ON92604F1 AT1G48605 1.64 1.20 CATMA10A44560F1 AT1G53520 -2.05 -1.50
CATMA10A31990R1 AT1G33760 1.60 1.24 CATMA10A39780R1 AT1G48640 1.62 1.33 CATMA10A44590F1 AT1G53560 -1.88 -1.40
CATMA10C71542R1 AT1G33790 1.42 1.69 CATMA10C72379R1 AT1G48745 -2.56 -1.09 CATMA10A44680F1 AT1G53635 1.87 1.34
CATMA10A32040R1 AT1G33810 -1.65 -1.17 CATMA10NS92486R1 AT1G48750 -3.21 -1.66 CATMA10A44750R1 AT1G53670 -1.95 -1.24
CATMA10A32195R1 AT1G33960 1.52 1.86 CATMA10A40070F1 AT1G48930 2.01 1.46 CATMA10A44760R1 AT1G53680 -1.58 1.05
CATMA10A32200F1 AT1G33970 1.67 1.34 CATMA10A40120R1 AT1G48990 -1.64 -1.15 CATMA10A44880F1 AT1G53790 2.85 1.41
CATMA10A32230F1 AT1G34000 -1.51 -1.19 CATMA10A40130F1 AT1G49000 2.08 1.33 CATMA10A44930R1 AT1G53830 -3.29 -1.14
CATMA10A32340R1 AT1G34050 1.83 3.69 CATMA10A40140R1 AT1G49010 -1.73 1.09 CATMA10A45020R1 AT1G53910 1.59 1.69
CATMA10A32360F1 AT1G34060 8.60 2.06 CATMA10A40190R1 AT1G49050 1.85 1.30 CATMA10A45100F1 AT1G54000 1.51 -1.34
CATMA10A32490R1 AT1G34180 3.43 1.00 CATMA10C71712R1 AT1G49200 -2.64 -2.06 CATMA10F02651F1 AT1G54010 -1.19 -1.62
CATMA10A32560R1 AT1G34260 1.68 1.63 CATMA10C71713R1 AT1G49210 -1.53 -1.07 CATMA10A45150F1 AT1G54050 -1.68 -1.21
CATMA10A32740R1 AT1G34420 1.62 1.35 CATMA10F02635R1 AT1G49220 -2.54 -2.01 CATMA10A45210F1 AT1G54100 2.69 1.04
CATMA10C71559F1 AT1G34510 1.04 -1.85 CATMA10A40480F1 AT1G49360 1.70 1.10 CATMA10A45320R1 AT1G54200 1.80 1.00
CATMA10N95044R1 AT1G34520 -1.71 -1.54 CATMA10A40500R1 AT1G49380 -1.74 -1.43 CATMA10C71811R1 AT1G54300 2.13 1.10
CATMA10A33035R1 AT1G34680 -2.25 1.18 CATMA10C71715R1 AT1G49390 1.70 1.18 CATMA10A45430R1 AT1G54310 -1.78 -1.06
CATMA10A33060F1 AT1G34760 2.38 1.45 CATMA10A40560R1 AT1G49450 -1.60 1.04 CATMA10A45460R1 AT1G54350 -1.40 -1.54
CATMA10A33270R1 AT1G35140 -1.21 -1.55 CATMA10A40570R1 AT1G49470 -1.66 -1.12 CATMA10A45640F1 AT1G54500 -1.55 1.26
CATMA10ONS2141F1 AT1G35170 -2.01 -1.41 CATMA10A40610F1 AT1G49500 -2.94 -1.54 CATMA10A45660R1 AT1G54520 -1.52 -1.01
CATMA10F00254F1 AT1G35180 -2.46 -1.72 CATMA10A40620R1 AT1G49510 -1.57 -1.13 CATMA10A45720R1 AT1G54575 2.26 -1.47
CATMA10A33330R1 AT1G35190 1.64 1.12 CATMA10A40675R1 AT1G49570 4.63 -1.16 CATMA10A45760F1 AT1G54660 -4.55 1.30
CATMA10A33350F1 AT1G35210 2.87 2.00 CATMA10C71720R1 AT1G49720 1.84 1.69 CATMA10A45820R1 AT1G54740 -2.12 -1.57
CATMA10A33365R1 AT1G35230 3.32 1.85 CATMA10C71721F1 AT1G49730 -1.75 1.16 CATMA10C71824R1 AT1G54780 -1.64 -1.04




Table 22: Continued

Ratio Ratio Ratio
D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe
CATMA10A45873F1 AT1G54790 -2.18 -1.16 CATMA10A50710R1 AT1G61610 1.55 -1.06 CATMA10A55490R1 AT1G66230 -3.37 -2.15
CATMA10A45930F1 AT1G54860 -1.51 -1.13 CATMA10A50760R1 AT1G61667 -1.67 -1.19 CATMA1ONS5199F1 AT1G66280 1.61 -1.02
CATMA10A45940R1 AT1G54870 -1.21 -1.52 CATMA10C72411R1 AT1G61795 -1.54 1.45 CATMA10A55600F1 AT1G66330 -1.58 -1.19
CATMA10A45950R1 AT1G54890 1.25 1.78 CATMA10A50880R1 AT1G61800 1.87 -1.44 CATMA10F02692_NR1 [ AT1G66380 1.75 -1.03
CATMA10A46000R1 AT1G54940 1.20 1.54 CATMA10A50890R1 AT1G61810 1.73 1.17 CATMA10A55685R1 AT1G66390 2.86 1.05
CATMA10C71828R1 AT1G54970 1.84 1.55 CATMA10C71919R1 AT1G61820 1.72 1.55 CATMA10A55740F1 AT1G66460 -1.83 1.01
CATMA10A46052R1 AT1G55010 -1.35 -2.89 CATMA10N95163R1 AT1G62181 2.45 1.22 CATMA10A55770F1 AT1G66480 1.85 1.12
CATMA10A46055R1 AT1G55020 3.40 -1.02 CATMA10A51340F1 AT1G62262 1.62 1.01 CATMA10A55820R1 AT1G66540 -2.20 -1.33
CATMA10C71829R1 AT1G55090 -1.59 -1.18 CATMA10A51380F1 AT1G62290 -1.68 -1.18 CATMA10F00552F1 AT1G66690 6.91 2.19
CATMA10A46140F1 AT1G55110 1.58 1.13 CATMA10A51390F1 AT1G62300 2.17 1.27 CATMA10D02694F1 AT1G66700 21.24 4.75
CATMA10A46290R1 AT1G55240 -2.16 -1.01 CATMA10N102724F1 AT1G62305 1.51 1.11 CATMA10D00555R1 AT1G66725 -2.51 -1.93
CATMA10A46460F1 AT1G55360 -1.02 -2.38 CATMA10A51570F1 AT1G62420 1.46 -7.88 CATMA10A56100R1 AT1G66820 -1.68 -1.19
CATMA10A46480R1 AT1G55370 -1.63 -1.38 CATMA10N102726R1 AT1G62500 -1.84 -1.42 CATMA10A56120F1 AT1G66840 -1.82 -1.67
CATMA10A46560F1 AT1G55450 1.95 1.13 CATMA10A51630F1 AT1G62510 -3.23 -1.23 CATMA10A56170R1 AT1G66880 1.96 1.15
CATMA10A46580R1 AT1G55480 -2.27 -1.31 CATMA10A51660R1 AT1G62540 2.83 -1.38 CATMA10A56210F1 AT1G66920 2.22 -1.58
CATMA10A46590F1 AT1G55490 -1.96 -1.18 CATMA10A51680R1 AT1G62560 -1.32 -2.77 CATMA10A56230F1 AT1G66940 -2.03 -2.62
CATMA10A46840F1 AT1G55760 1.86 1.59 CATMA10A51770R1 AT1G62660 1.60 1.10 CATMA10A56290F1 AT1G67000 331 -1.07
CATMA10C71844F1 AT1G55780 1.55 1.87 CATMA10C71938F1 AT1G62750 -1.73 -1.12 CATMA10A56390F1 AT1G67090 -1.52 -1.12
CATMA10C71847F1 AT1G55805 -1.51 1.15 CATMA10A51915F1 AT1G62780 -1.83 -1.16 CATMA10C72425R1 AT1G67148 5.17 1.16
CATMA10A47044R1 AT1G55850 1.90 -1.03 CATMA10A51930F1 AT1G62810 2.19 1.15 CATMA10A56480R1 AT1G67150 1.74 1.35
CATMA10C71852R1 AT1G55910 -1.65 -1.18 CATMA10N92177R1 AT1G62840 2.19 1.34 CATMA10A56620F1 AT1G67310 1.53 1.14
CATMA10N102668F1 AT1G55960 -2.17 -1.33 CATMA10C71945F1 AT1G62935 -1.56 -1.01 CATMA10A56690F1 AT1G67370 1.10 1.94
CATMA10C71855F1 AT1G56010 1.87 1.31 CATMA10A52120F1 AT1G62960 -1.91 -1.28 CATMA10A56910R1 AT1G67560 1.66 -1.04
CATMA10A47120R1 AT1G56050 -2.40 -1.10 CATMA10C71946R1 AT1G62975 -3.13 -2.30 CATMA10A57080R1 AT1G67700 -1.85 -1.34
CATMA10C71857F1 AT1G56060 2.16 1.44 CATMA10A52180F1 AT1G63010 1.61 1.05 CATMA10A57105F1 AT1G67740 -1.54 1.07
CATMA10A47150F1 AT1G56080 1.63 1.22 CATMA10A52660R1 AT1G63440 2.38 1.64 CATMA10N102790R1 AT1G67750 1.33 -1.60
CATMA10C71859F1 AT1G56120 1.77 1.69 CATMA10A52770R1 AT1G63560 1.07 1.92 CATMA10A57120F1 AT1G67760 3.31 1.02
CATMA10A47240F1 AT1G56145 1.78 1.33 CATMA10A52940F1 AT1G63710 -1.39 -1.89 CATMA10A57200F1 AT1G67800 2.38 1.29
CATMA10A47250R1 AT1G56150 -1.34 -1.63 CATMA10A52950F1 AT1G63720 2.54 1.51 CATMA10A57210R1 AT1G67810 3.67 2.32
CATMA10A47260R1 AT1G56160 2.03 1.73 CATMA10C71963R1 AT1G63750 2.88 1.02 CATMA10A57290F1 AT1G67865 -2.06 1.23
CATMA10A47270R1 AT1G56170 -1.09 -1.72 CATMA10A53090F1 AT1G63860 1.19 -1.03 CATMA10C72047F1 AT1G67970 2.52 2.17
CATMA10A47290R1 AT1G56190 -1.51 -1.27 CATMA10N92455F1 AT1G63990 1.02 1.57 CATMA10A57396R1 AT1G67980 4.08 1.82
CATMA10D02660F1 AT1G56240 412 2.06 CATMA10A53240R1 AT1G64000 1.59 1.10 CATMA10C72051R1 AT1G68010 -2.13 -1.26
CATMA10C71861F1 AT1G56250 4.48 2.56 CATMA10A53300R1 AT1G64065 2.24 1.18 CATMA10A57435R1 AT1G68050 2.56 2.26
CATMA10A47390F1 AT1G56300 1.65 2.08 CATMA10A53400F1 AT1G64150 -1.73 -1.23 CATMA10A57480R1 AT1G68110 -1.60 -1.15
CATMA10A47520R1 AT1G56430 -4.05 -3.39 CATMA10A53410R1 AT1G64160 30.24 1.19 CATMA10A57610R1 AT1G68238 -3.97 -1.72
CATMA10A47590R1 AT1G56510 2.33 -1.06 CATMA10C71969F1 AT1G64200 -2.35 -1.52 CATMA10C72054F1 AT1G68260 -1.55 -1.07
CATMA10A47670F1 AT1G56580 -1.03 -1.53 CATMA10A53640R1 AT1G64355 -1.61 -1.24 CATMA10ON95210F1 AT1G68280 -1.61 -1.03
CATMA10A47745F1 AT1G56650 1.80 -1.17 CATMA10A53670F1 AT1G64380 -2.21 -1.28 CATMA10A57680R1 AT1G68290 2.89 1.15
CATMA10A47890F1 AT1G57590 1.62 -1.10 CATMA10A53730R1 AT1G64430 -1.56 -1.32 CATMA10A57710R1 AT1G68320 1.18 2.42
CATMA10D00438R1 AT1G57630 2.75 2.11 CATMA10ONS5180F1 AT1G64480 1.25 -1.50 CATMA10A57770R1 AT1G68390 1.03 1.58
CATMA10A48060R1 AT1G57770 -1.98 -1.63 CATMA10A53790R1 AT1G64500 -3.46 -2.27 CATMA10A57830F1 AT1G68450 1.51 1.93
CATMA10F00443F1 AT1G57990 2.18 1.36 CATMA10A53800F1 AT1G64510 -2.12 -1.36 CATMA10A57900F1 AT1G68520 1.75 -1.13
CATMA10A48228R1 AT1G58070 -1.82 -1.14 CATMA10A53820R1 AT1G64530 -1.52 -1.12 CATMA10A57940R1 AT1G68570 1.41 -1.52
CATMA10A48310R1 AT1G58190 1.70 -1.09 CATMA10A53900R1 AT1G64590 -2.77 2.13 CATMA10C72060F1 AT1G68590 -1.76 -1.04
CATMA10C71874R1 AT1G58225 4.64 1.54 CATMA10A53940R1 AT1G64625 1.84 -1.03 CATMA10A57980R1 AT1G68600 2.94 1.40
CATMA10A48460F1 AT1G58290 -1.52 221 CATMA10C71976F1 AT1G64640 -1.81 -1.57 CATMA10A58000R1 AT1G68620 1.80 1.24
CATMA10A48485F1 AT1G58320 2.98 1.18 CATMA10A53980R1 AT1G64660 2.83 1.34 CATMA10A58030R1 AT1G68650 1.34 2.01
CATMA10A48493R1 AT1G58340 1.71 2.20 CATMA10A54000R1 AT1G64680 -1.84 -1.24 CATMA10A58110R1 AT1G68725 -1.53 -1.25
CATMA10A48540F1 AT1G58410 1.76 1.15 CATMA10A54020F1 AT1G64700 1.69 -1.08 CATMA10A58130F1 AT1G68740 -2.60 -1.89
CATMA10C71877R1 AT1G58520 -1.51 -1.40 CATMA10A54030R1 AT1G64710 2.43 1.49 CATMA10A58170F1 AT1G68780 -1.63 -1.54
CATMAION102693R1 | AT1G58602 2.09 1.15 CATMA10A54040F1 AT1G64720 -1.61 -1.28 CATMA10A58210R1 AT1G68810 -1.62 -1.07
CATMA10A48657R1 AT1G59620 1.81 1.31 CATMA10A54080R1 AT1G64770 -1.66 -1.43 CATMA10A58250F1 AT1G68850 -1.12 1.90
CATMA1ON95141F1 AT1G59640 1.54 -1.13 CATMA10A54205R1 AT1G64900 -1.16 1.68 CATMA10ON92586F1 AT1G68862 -1.78 -1.47
CATMA10A48770R1 AT1G59740 2.06 1.01 CATMA10A54210F1 AT1G64910 -1.25 1.75 CATMA10A58260R1 AT1G68870 -1.76 -1.64
CATMA10A48900R1 AT1G59840 -1.84 -1.81 CATMA10N92380R1 AT1G64940 1.51 1.44 CATMA10A58290F1 AT1G68880 3.60 2.15
CATMA10A48930R1 AT1G59870 2.64 1.37 CATMA10C71982R1 AT1G64950 1.51 1.25 CATMA10A58420R1 AT1G69050 2.07 2.55
CATMA10A49050F1 AT1G60000 -1.67 -1.12 CATMA10A54270F1 AT1G64980 -1.28 -3.17 CATMA10A58490R1 AT1G69160 -1.35 -1.51
CATMA10A49070F1 AT1G60030 2.19 1.01 CATMA10A54370F1 AT1G65090 -4.49 -2.30 CATMA10A58510R1 AT1G69200 -1.52 -1.10
CATMA10A49090F1 AT1G60050 1.58 -1.12 CATMA10N102762F1 AT1G65150 -1.03 -1.61 CATMA10A58530F1 AT1G69230 -2.13 -1.04
CATMA1ON92681F1 AT1G60270 -1.63 -1.71 CATMA10A54520R1 AT1G65230 -1.66 -1.24 CATMA10C72069F1 AT1G69270 1.69 1.03
CATMA10C71889F1 AT1G60470 -2.65 1.37 CATMA10N92238R1 AT1G65310 -1.76 -1.22 CATMA10C72070R1 AT1G69325 1.88 1.13
CATMA10A49570F1 AT1G60550 -1.74 -1.39 CATMA10A54690F1 AT1G65370 1.57 -1.01 CATMA10A58690R1 AT1G69410 1.54 -1.07
CATMA10A49600F1 AT1G60590 -1.52 -1.96 CATMA10A54790R1 AT1G65450 -1.29 -1.68 CATMA10A58740F1 AT1G69450 1.79 1.21
CATMA10A49610F1 AT1G60600 -1.86 -1.11 CATMA10C71995R1 AT1G65500 4.70 -1.65 CATMA10A58770F1 AT1G69480 1.65 1.09
CATMA10A49620F1 AT1G60610 2.14 1.28 CATMA10C71996R1 AT1G65510 2.00 1.15 CATMA10A58800R1 AT1G69490 9.38 2.29
CATMA10C71894F1 AT1G60730 3.49 1.73 CATMA10A54840F1 AT1G65520 1.57 1.10 CATMA10C72074R1 AT1G69520 1.59 -1.26
CATMA10F00476R1 AT1G60740 2.08 2.01 CATMA10A54870F1 AT1G65570 -2.65 1.43 CATMA10A58905F1 AT1G69570 -1.73 -2.27
CATMA10C72405F1 AT1G60750 1.48 1.97 CATMA10A54970F1 AT1G65690 5.07 1.31 CATMA10A59050R1 AT1G69740 -1.66 -1.10
CATMA10A49900F1 AT1G60890 1.89 1.13 CATMA10ON95196R1 AT1G65790 1.72 1.50 CATMA10A59100R1 AT1G69790 2.73 1.61
CATMA10C71897R1 AT1G60950 -1.57 1.51 CATMA10A55080R1 AT1G65800 1.59 1.46 CATMA10A59160F1 AT1G69840 1.69 1.12
CATMA10A49950F1 AT1G60960 -1.62 2.06 CATMA10A55110R1 AT1G65820 1.67 1.33 CATMA10A59180R1 AT1G69870 2.59 1.01
CATMA10A50180F1 AT1G61130 -1.76 -1.62 CATMA10C72001F1 AT1G65845 1.13 -1.53 CATMA10A59190R1 AT1G69880 11.05 1.08
CATMA10A50310F1 AT1G61260 1.75 1.72 CATMA10C72002F1 AT1G65860 -1.33 -3.21 CATMA10A59200F1 AT1G69890 1.96 1.70
CATMA10A50390R1 AT1G61340 2.05 1.29 CATMA10F00535R1 AT1G65870 -1.73 -1.46 CATMA10A59230F1 AT1G69920 3.27 1.44
CATMA10A50410F1 AT1G61360 2.27 1.11 CATMA10A55190F1 AT1G65900 -1.76 -1.51 CATMA10A59240F1 AT1G69930 4.63 1.51
CATMA10A50420F1 AT1G61370 1.62 1.09 CATMA10N92496F1 AT1G65970 2.83 1.41 CATMA10NS5217F1 AT1G70140 2.03 -1.18
CATMA10N92491R1 AT1G61415 1.21 1.56 CATMA10A55350R1 AT1G66090 3.54 1.15 CATMA10A59500F1 AT1G70200 -1.57 -1.01
CATMA10N92491F1 AT1G61420 2.07 1.31 CATMA10A55360F1 AT1G66100 -2.70 -4.70 CATMA10A59540F1 AT1G70260 4.64 1.35
CATMAION102713F1 | AT1G61460 1.95 1.31 CATMA10A55390R1 AT1G66130 -1.58 -1.26 CATMA10A59550R1 AT1G70270 2.94 -2.20
CATMA10A50640F1 AT1G61560 2.92 1.10 CATMA10A55410R1 AT1G66160 2.01 -1.08 CATMA10A59570F1 AT1G70290 1.65 -1.09




Table 22: Continued

Ratio Ratio Ratio
D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe
CATMA10A59635F1 AT1G70370 -1.77 -1.26 CATMA10C72154R1 AT1G74730 -1.73 1.08 CATMA10B68460F1 AT1G79360 1.72 1.04
CATMA10A59710F1 AT1G70440 1.88 1.23 CATMA10A64120F1 AT1G74770 2.27 -1.25 CATMA10N102953F1 AT1G79440 1.52 1.26
CATMA10A59780F1 AT1G70520 2.02 1.10 CATMA10N95231R1 AT1G74810 3.23 -1.25 CATMA10A68540R1 AT1G79450 2.28 1.16
CATMA10A59790F1 AT1G70530 1.72 1.24 CATMA10N95232F1 AT1G74880 -1.58 -1.40 CATMA10A68590F1 AT1G79510 -1.57 -1.03
CATMA10A59830R1 AT1G70560 1.00 1.55 CATMA10N95233F1 AT1G74890 -1.76 -1.31 CATMA10A68620F1 AT1G79530 1.57 1.13
CATMA10C72090R1 AT1G70760 -1.57 -1.21 CATMA10A64335F1 AT1G74970 -1.91 -1.35 CATMA10A68830F1 AT1G79700 -1.19 1.73
CATMA10C72092R1 AT1G70810 2.17 1.27 CATMA10A64350R1 AT1G75000 1.84 1.20 CATMA10A68900R1 AT1G79760 -1.81 1.37
CATMA10A60100R1 AT1G70820 1.25 1.57 CATMA10C72158R1 AT1G75030 -1.56 -1.02 CATMA10A68910R1 AT1G79770 -1.39 -1.52
CATMA10A60110F1 AT1G70830 1.33 -1.92 CATMA10A64430F1 AT1G75100 -2.46 -1.28 CATMA10A68930F1 AT1G79790 -1.83 -1.24
CATMA10A60130F1 AT1G70850 -3.07 -1.53 CATMA10C72159F1 AT1G75120 -1.19 -1.74 CATMA10A68980F1 AT1G79830 1.04 1.52
CATMA10C72438F1 AT1G70860 -2.43 -1.55 CATMA10A64590F1 AT1G75250 -3.77 1.68 CATMA10A69000F1 AT1G79850 -1.97 -1.31
CATMA10A60160F1 AT1G70880 -1.15 -1.54 CATMA10D02716R1 AT1G75290 1.54 -1.06 CATMA10A69010F1 AT1G79860 1.24 1.66
CATMA10ONS2300F1 AT1G70885 -1.66 -1.41 CATMA10A64680R1 AT1G75350 -2.02 -1.32 CATMA10A69210F1 AT1G80030 -1.72 -1.22
CATMA10A60230R1 AT1G70950 1.52 -1.11 CATMA10A64720F1 AT1G75380 1.54 1.20 CATMA10A69290R1 AT1G80110 2.15 1.32
CATMA10A60270F1 AT1G70985 -2.98 -1.80 CATMA10A64800R1 AT1G75460 -1.69 1.17 CATMA10A69310F1 AT1G80130 8.04 -1.26
CATMA10A60280F1 AT1G70990 -1.54 -1.11 CATMA10A64980F1 AT1G75680 -1.50 -1.23 CATMA10ON92544F1 AT1G80133 1.13 1.61
CATMA10A60300R1 AT1G71010 1.74 1.27 CATMA10A64990F1 AT1G75690 -2.65 -1.30 CATMA10A69340R1 AT1G80160 15.12 1.17
CATMA10A60310F1 AT1G71015 -1.38 -1.68 CATMA10C72165F1 AT1G75750 -1.58 1.05 CATMA10A69430F1 AT1G80240 1.72 1.48
CATMA10A60325F1 AT1G71030 -1.83 -1.31 CATMA10A65113R1 AT1G75830 -1.33 -2.27 CATMA10A69533F1 AT1G80340 -8.82 -1.59
CATMA10A60330F1 AT1G71040 1.92 1.31 CATMA10A65180R1 AT1G75910 1.33 3.39 CATMA10A69540F1 AT1G80360 2.90 3.36
CATMA10A60390R1 AT1G71100 1.97 1.01 CATMA10N92286R1 AT1G76040 1.90 1.00 CATMA10A69550R1 AT1G80380 -1.95 -1.02
CATMA10A60400R1 AT1G71110 1.68 1.22 CATMA10A65330F1 AT1G76110 -1.68 -1.11 CATMA10A69620R1 AT1G80440 2.12 -1.03
CATMA10A60430R1 AT1G71140 5.10 2.42 CATMA10A65440F1 AT1G76240 -2.03 -1.11 CATMA10A69770R1 AT1G80570 1.98 1.24
CATMA10A60700F1 AT1G71380 2.04 1.19 CATMA10C72178R1 AT1G76410 2.78 1.74 CATMA10A69790F1 AT1G80590 1.60 1.03
CATMA10A60720R1 AT1G71400 2.06 1.42 CATMA10C72179R1 AT1G76450 -2.57 -1.36 CATMA10A70050R1 AT1G80820 1.96 1.21
CATMA10A60820R1 AT1G71500 -1.98 -1.04 CATMA10C72180F1 AT1G76460 -1.52 -1.02 CATMA10B70055F1 AT1G80830 2.92 1.21
CATMA10A60840R1 AT1G71530 1.43 1.77 CATMA10A65690F1 AT1G76470 2.26 1.32 CATMA10NS92243R1 AT1G80840 2.54 1.09
CATMA10A60870F1 AT1G71691 -1.13 -1.58 CATMA10A65720R1 AT1G76520 2.31 1.36 CATMA20A00260F1 AT2G01180 2.37 1.15
CATMA10A60940R1 AT1G71740 -1.55 -1.25 CATMA10A65770R1 AT1G76570 -1.82 -1.31 CATMA20NS0732F1 AT2G01290 -1.54 -1.23
CATMA10A61020F1 AT1G71810 -1.86 -1.29 CATMA10A65790R1 AT1G76590 2.25 1.88 CATMA20A00410R1 AT2G01340 2.25 1.04
CATMA10A61090F1 AT1G71870 -1.51 -1.41 CATMA10A65800R1 AT1G76600 1.86 1.13 CATMA20A00475F1 AT2G01420 1.56 -1.22
CATMA10A61250R1 AT1G72030 -1.80 -1.66 CATMA10A65860F 1 AT1G76650 2.22 1.45 CATMA20A00510R1 AT2G01460 1.08 1.65
CATMA10A61460R1 AT1G72230 -1.91 -1.08 CATMA10F02719R1 AT1G76705 -1.63 -1.19 CATMA20N90698R1 AT2G01464 -1.04 1.66
CATMA10A61530F1 AT1G72280 2.18 1.36 CATMA10A66020R1 AT1G76800 2.58 1.18 CATMA20A00550F1 AT2G01505 1.16 1.57
CATMA10A61650F1 AT1G72430 -2.28 -1.69 CATMA10C72188F1 AT1G76930 1.88 -1.05 CATMA20C47009R1 AT2G01520 -6.57 -1.20
CATMA10A61750R1 AT1G72520 3.17 1.61 CATMA10N92048F1 AT1G76952 -3.16 1.06 CATMA20NS0609R1 AT2G01530 -4.14 -1.82
CATMA10A61860F1 AT1G72640 -1.89 -1.44 CATMA10A66190F1 AT1G76960 7.07 2.58 CATMA20A00720F1 AT2G01670 2.00 1.22
CATMAION102843R1 | AT1G72645 -1.89 -1.80 CATMA10A66210F1 AT1G76970 2.06 1.28 CATMA20A00810F1 AT2G01755 -1.80 -1.36
CATMA10A61890F1 AT1G72670 -1.59 -1.26 CATMA10A66220F1 AT1G76980 2.11 1.36 CATMA20N90853F1 AT2G01818 -1.61 1.19
CATMA10A61900F1 AT1G72680 1.97 1.15 CATMA10A66250R1 AT1G77000 1.90 1.49 CATMA20A00910R1 AT2G01860 -2.05 -1.07
CATMA10A62020R1 AT1G72790 1.05 1.55 CATMA10A66290F1 AT1G77060 -1.52 1.11 CATMA20C47010F1 AT2G01880 2.61 2.21
CATMA10A62055F1 AT1G72830 1.99 1.34 CATMA10A66300F1 AT1G77090 -1.73 -1.18 CATMA20A00940F1 AT2G01890 1.82 1.59
CATMA10A62090R1 AT1G72870 1.67 1.33 CATMA10A66500F1 AT1G77280 2.08 1.50 CATMA20A00970F1 AT2G01918 -2.66 -1.58
CATMA10NS5224R1 AT1G72900 4.35 1.53 CATMA10A66550F1 AT1G77330 -1.85 1.02 CATMA20A01040R1 AT2G01980 1.51 1.13
CATMA1ON102847R1 | AT1G72910 1.70 1.28 CATMA10A66600F1 AT1G77380 7.65 1.10 CATMA20C47012F1 AT2G02010 3.55 -1.03
CATMA10C72124R1 AT1G72920 2.15 -1.19 CATMA10A66671R1 AT1G77490 -2.07 -1.16 CATMA20A01080R1 AT2G02020 -1.89 -1.12
CATMA10A62155R1 AT1G72930 1.56 1.40 CATMA10C72199R1 AT1G77510 1.89 1.21 CATMA20A01180R1 AT2G02120 4.02 1.74
CATMA10A62185R1 AT1G72970 -1.25 -1.61 CATMA10C72201R1 AT1G77530 -2.80 -1.06 CATMA20D00616R1 AT2G02130 -1.79 -1.11
CATMA10A62270F1 AT1G73040 2.19 -1.32 CATMA10A66840F1 AT1G77690 -1.60 -1.32 CATMA20C47015F1 AT2G02250 2.51 1.48
CATMA10A62290R1 AT1G73060 -1.79 -1.26 CATMA10A66910F1 AT1G77760 -1.83 -1.18 CATMA20A01287F1 AT2G02310 6.01 2.76
CATMA10A62340F1 AT1G73110 -1.64 -1.23 CATMA10A67050R1 AT1G77890 1.92 1.46 CATMA20A01304R1 AT2G02370 1.53 1.39
CATMA10A62360F1 AT1G73120 14.68 3.38 CATMA10A67060R1 AT1G77920 2.72 1.12 CATMA20D02731R1 AT2G02390 2.15 1.35
CATMA10A62410F1 AT1G73165 -2.26 -1.21 CATMA10N102937F1 AT1G77990 1.54 -1.61 CATMA20C47022F1 AT2G02500 -1.52 -1.36
CATMA10C72132R1 AT1G73190 -4.90 -3.41 CATMA10A67190R1 AT1G78080 1.63 -1.06 CATMA20N90850R1 AT2G02610 -2.11 -1.35
CATMA10A62540F1 AT1G73260 9.97 -1.24 CATMA10A67195R1 AT1G78090 -2.36 -1.22 CATMA20NS0463R1 AT2G02640 -1.88 -1.36
CATMA10ONS5226F1 AT1G73290 -1.60 -1.14 CATMA10A67240F1 AT1G78120 -1.86 -1.02 CATMA20A01720F1 AT2G02820 -1.83 -1.02
CATMA10ONS5227F1 AT1G73310 -1.68 -1.18 CATMA10A67260F1 AT1G78140 -1.55 1.02 CATMA20A01770F1 AT2G02850 1.80 1.29
CATMA10A62630F1 AT1G73330 -8.61 1.37 CATMA10A67310R1 AT1G78180 -1.61 -1.09 CATMA20NS0433F1 AT2G02930 4.80 1.22
CATMA1ON102851F1 | AT1G73500 1.89 1.12 CATMA10A67350R1 AT1G78230 -2.41 -1.30 CATMA20A01885R1 AT2G02990 2.40 1.07
CATMA10A62850F1 AT1G73550 1.51 -1.08 CATMA10A67370R1 AT1G78260 -1.64 -1.64 CATMA20N101345F1 AT2G03090 -2.63 -1.87
CATMA10A62950R1 AT1G73630 -1.62 -1.33 CATMA10A67410F1 AT1G78290 1.71 1.35 CATMA20A02230F1 AT2G03310 -1.21 1.58
CATMA10A62980F1 AT1G73655 -1.80 1.10 CATMA10A67430F1 AT1G78320 -3.39 1.05 CATMA20NS0713F1 AT2G03420 -1.57 -1.01
CATMA10A63030F1 AT1G73700 1.66 1.74 CATMA10C72216F1 AT1G78340 -1.15 1.72 CATMA20C47040R1 AT2G03530 2.11 1.08
CATMA10C72137F1 AT1G73805 1.39 2.16 CATMA10C72217F1 AT1G78360 2.50 1.01 CATMA20A02510R1 AT2G03590 2.10 -1.03
CATMA10A63140F1 AT1G73810 1.68 1.76 CATMA10A67470F1 AT1G78370 -1.13 -1.77 CATMA20A02595R1 AT2G03710 -1.97 -1.53
CATMA10A63200R1 AT1G73870 -4.56 -2.62 CATMA10A67500R1 AT1G78410 3.43 1.95 CATMA20A02660F1 AT2G03750 -2.06 -1.96
CATMA10A63240R1 AT1G73885 -1.56 -1.21 CATMA10A67530F1 AT1G78450 -2.81 -1.34 CATMA20A02665F1 AT2G03760 1.52 1.46
CATMA10A63356F1 AT1G74000 2.22 2.19 CATMA10A67540F1 AT1G78460 1.77 1.13 CATMA20A02970R1 AT2G04032 1.29 -1.63
CATMA10A63360F1 AT1G74010 4.25 1.92 CATMA10A67590F1 AT1G78510 -1.83 -1.35 CATMA20N101347R1 AT2G04039 -1.63 -1.20
CATMA10B63370F1 AT1G74020 1.59 1.16 CATMA10A67690R1 AT1G78630 -1.73 -1.28 CATMA20NS0412F1 AT2G04070 1.55 1.39
CATMA10A63440F1 AT1G74070 -2.18 -1.39 CATMA10A67860F1 AT1G78780 1.64 1.40 CATMA20NS0696F1 AT2G04080 1.37 1.51
CATMA10A63470R1 AT1G74090 -1.59 -1.69 CATMA10C72226F1 AT1G78820 -1.71 -1.32 CATMA20A03130F1 AT2G04160 1.70 1.01
CATMA10A63750R1 AT1G74360 1.78 1.49 CATMA10A67930F1 AT1G78830 1.60 1.02 CATMA20N94717R1 AT2G04260 3.17 1.79
CATMA10A63760F1 AT1G74370 -1.66 -1.21 CATMA10A68030F1 AT1G78915 -1.94 -1.34 CATMA20A03395R1 AT2G04400 1.54 1.08
CATMA10C72150F1 AT1G74440 1.07 1.16 CATMA10A68060F 1 AT1G78950 -1.63 1.28 CATMA20C47061R1 AT2G04495 2.20 1.83
CATMA10A63870F1 AT1G74460 -2.33 1.17 CATMA10N92515R1 AT1G78970 1.79 -1.16 CATMA20C47063R1 AT2G04515 1.24 -1.52
CATMA10A63980F1 AT1G74590 8.27 1.64 CATMA10A68100F1 AT1G78990 -1.74 1.33 CATMA20A03700R1 AT2G04790 -2.77 -1.61
CATMA10A64020R1 AT1G74650 1.88 1.31 CATMA10A68110F1 AT1G78995 -1.51 1.23 CATMA20A03720F1 AT2G04800 -1.90 1.13
CATMA10A64030F1 AT1G74660 -1.51 1.06 CATMA10A68310R1 AT1G79180 3.27 1.14 CATMA20A04040F1 AT2G05160 -2.22 1.09
CATMA10A64040R1 AT1G74670 -1.75 -1.27 CATMA10A68420R1 AT1G79320 -1.28 2.17 CATMA20A04160F1 AT2G05310 -1.72 -1.16
CATMA10A64075R1 AT1G74710 1.69 1.34 CATMA10A68430R1 AT1G79330 -1.08 1.70 CATMA20C47084R1 AT2G05440 2.05 1.03




Table 22: Continued

Ratio Ratio Ratio
D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe
CATMA20N94725R1 AT2G05441 3.20 1.55 CATMA20A17220R1 AT2G18560 -2.12 1.00 CATMA20A21877F1 AT2G23410 -1.53 1.13
CATMA20C47085R1 AT2G05510 4.69 1.69 CATMA20C47271R1 AT2G18570 -1.79 -1.19 CATMA20A21910F1 AT2G23450 1.62 1.24
CATMA20A04310R1 AT2G05540 -3.69 -1.23 CATMA20A17260F1 AT2G18600 2.67 1.07 CATMA20A21940R1 AT2G23540 -1.96 1.41
CATMA20A04320R1 AT2G05580 -3.88 -2.32 CATMA20C47273F1 AT2G18660 11.96 2.58 CATMA20N94800F1 AT2G23560 -2.10 1.08
CATMA20A04350F1 AT2G05620 -2.02 -1.23 CATMA20A17340R1 AT2G18690 3.47 1.78 CATMA20F00834F1 AT2G23590 -1.51 -1.26
CATMA20N101367F1 AT2G05630 1.51 1.52 CATMA20A17350R1 AT2G18700 1.29 1.63 CATMA20N94801F1 AT2G23620 1.13 -1.59
CATMA20A04450R1 AT2G05710 1.35 1.87 CATMA20A17355F1 AT2G18710 -1.54 -1.53 CATMA20A22030F1 AT2G23630 1.51 1.26
CATMA20C47092F1 AT2G05715 -1.87 -1.42 CATMA20A17420R1 AT2G18800 -2.66 -1.43 CATMA20A22040R1 AT2G23640 -1.80 -1.36
CATMA20A04620R1 AT2G05830 2.05 1.90 CATMA20A17490R1 AT2G18890 -2.05 -1.55 CATMA20A22060F1 AT2G23670 -1.75 -1.13
CATMA20A04670F1 AT2G05910 1.94 1.42 CATMA20N90448F1 AT2G18969 -1.81 -1.34 CATMA20A22070R1 AT2G23680 3.37 1.37
CATMA20A04740F1 AT2G05940 1.69 1.26 CATMA20A17670R1 AT2G19060 -3.00 -1.22 CATMA20A22080R1 AT2G23690 -1.51 -1.58
CATMA20A04825F1 AT2G06050 1.77 -1.07 CATMA20C47292R1 AT2G19200 -1.99 1.35 CATMA20A22170F1 AT2G23810 1.82 1.31
CATMA20A05200F1 AT2G06530 1.68 1.16 CATMA20A18025R1 AT2G19450 1.59 1.35 CATMA20A22310R1 AT2G23970 1.31 1.51
CATMA20A05540R1 AT2G06850 -1.34 -1.69 CATMA20A18070F1 AT2G19500 1.58 -1.06 CATMA20C47400F1 AT2G24020 -1.70 -1.22
CATMA20N94730F1 AT2G07440 -1.91 -1.17 CATMA20A18190F1 AT2G19650 -1.55 -1.72 CATMA20A22410R1 AT2G24060 -1.79 -1.17
CATMA20A06230F1 AT2G07600 -2.01 -1.01 CATMA20C47312F1 AT2G19800 -1.16 1.68 CATMA20A22440R1 AT2G24090 -2.18 -1.32
CATMA20A06250R1 AT2G07640 1.77 1.42 CATMA20A18340R1 AT2G19810 1.64 1.32 CATMA20A22500F1 AT2G24160 1.69 -1.07
CATMA20N101449F1 | AT2G07723 1.53 1.06 CATMA20A18410F1 AT2G19900 2.34 1.17 CATMA20A22515R1 AT2G24180 2.97 1.39
CATMA20A07380R1 AT2G07727 1.26 1.62 CATMA20A18460F1 AT2G19970 1.55 -2.53 CATMA20A22560R1 AT2G24240 1.65 1.09
CATMA20A07560F1 AT2G07739 -1.92 1.00 CATMA20A18480F1 AT2G19990 1.76 -1.77 CATMA20A22590F1 AT2G24260 1.88 1.16
CATMA20A06380F1 AT2G07777 1.05 -1.65 CATMA20A18500F1 AT2G20010 1.51 1.16 CATMA20A22720R1 AT2G24395 -1.70 -1.18
CATMA20NS0714F1 AT2G10557 -1.50 -1.02 CATMA20A18520R1 AT2G20030 3.02 2.30 CATMA20A22760F1 AT2G24430 1.31 1.54
CATMA20A09080F1 AT2G10920 1.66 1.12 CATMA20F00812R1 AT2G20142 5.50 1.44 CATMA20A22870R1 AT2G24540 -2.83 -2.10
CATMA20A09920R1 AT2G11810 3.26 1.11 CATMA20A18740F1 AT2G20270 -1.54 -1.02 CATMA20N94805F1 AT2G24600 3.49 1.04
CATMA20A10000R1 AT2G11930 -1.76 -1.01 CATMA20A18790R1 AT2G20320 1.57 1.34 CATMA20A23050F1 AT2G24710 3.89 1.84
CATMA20F00745F1 AT2G12190 1.64 1.33 CATMA20A19210F1 AT2G20670 -3.46 -1.50 CATMA20A23060F1 AT2G24720 1.70 2.01
CATMA20A10610F1 AT2G12462 -1.90 -1.24 CATMA20A19260F1 AT2G20720 -1.08 2.67 CATMA20A23140R1 AT2G24762 -2.98 -1.83
CATMA20NS0680F1 AT2G12660 -2.44 -1.36 CATMA20A19280F1 AT2G20724 -1.71 -1.14 CATMA20A23220F1 AT2G24850 2.76 2.28
CATMA20D05059R1 AT2G12905 -2.00 1.36 CATMA20A19310R1 AT2G20750 -1.70 -1.25 CATMA20A23280F1 AT2G24970 -1.28 -1.52
CATMA20A12410R1 AT2G13790 2.16 1.21 CATMA20A19410F1 AT2G20825 2.71 1.55 CATMA20N90591R1 AT2G24980 1.71 1.60
CATMA20A12420R1 AT2G13800 1.93 1.35 CATMA20A19440F1 AT2G20835 -1.25 -1.83 CATMA20A23405R1 AT2G25080 -2.23 1.01
CATMA20A12430R1 AT2G13810 -1.38 3.37 CATMA20A19490R1 AT2G20890 -1.88 -1.33 CATMA20A23430R1 AT2G25110 1.83 1.03
CATMA20N94747R1 AT2G14080 1.68 -1.03 CATMA20A19595R1 AT2G20960 1.61 1.28 CATMA20N90481R1 AT2G25410 -1.04 1.54
CATMA20A12670F1 AT2G14095 -1.62 2.19 CATMA20A19690R1 AT2G21045 -1.56 -1.04 CATMA20A23790F1 AT2G25450 1.58 1.19
CATMA20A12750R1 AT2G14247 -3.18 -5.47 CATMA20A19750F1 AT2G21100 -1.87 1.04 CATMA20B23810R1 AT2G25470 -1.20 -2.30
CATMA20C47174R1 AT2G14560 4.33 4.06 CATMA20A19780F1 AT2G21130 1.77 1.49 CATMA20A23850R1 AT2G25510 1.49 1.64
CATMA20C47176F1 AT2G14610 2.96 1.49 CATMA20A19790F1 AT2G21140 -1.34 -1.59 CATMA20A23980R1 AT2G25625 2.65 2.46
CATMA20A13400R1 AT2G14660 -1.68 -1.12 CATMA20A19870F1 AT2G21210 -4.45 -1.98 CATMA20A24060F1 AT2G25680 -2.68 -1.82
CATMA20N101541R1 | AT2G14840 1.66 -1.24 CATMA20C47340R1 AT2G21220 -2.29 -1.30 CATMA20A24110F1 AT2G25730 1.30 1.50
CATMA20A13640F1 AT2G14880 -1.81 -1.17 CATMA20A19980F1 AT2G21280 -1.71 -1.52 CATMA20A24120F1 AT2G25735 2.04 1.27
CATMA20A13810R1 AT2G15010 -4.76 -1.54 CATMA20A20010R1 AT2G21320 -2.80 -2.52 CATMA20A24230F1 AT2G25830 -1.69 -1.20
CATMA20A13820F1 AT2G15020 -12.61 -4.83 CATMA20A20020F1 AT2G21330 -1.62 -1.26 CATMA20A24240R1 AT2G25840 -1.63 -1.16
CATMA20C47913R1 AT2G15040 1.67 1.38 CATMA20A20070R1 AT2G21385 -1.95 -1.32 CATMA20A24320F1 AT2G25940 1.84 1.23
CATMA20C47187R1 AT2G15050 -1.10 -1.57 CATMA20A20175F1 AT2G21490 -1.58 -1.09 CATMA20A24450F1 AT2G26080 -1.58 -1.08
CATMA20D02807R1 AT2G15220 2.27 1.16 CATMA20A20180F1 AT2G21500 1.88 1.15 CATMA20A24670R1 AT2G26310 1.74 1.26
CATMA20N90476F1 AT2G15350 -2.16 -1.42 CATMA20A20210R1 AT2G21530 -1.55 -1.03 CATMA20A24680R1 AT2G26340 -1.74 -1.30
CATMA20N94756F1 AT2G15370 -1.94 -1.34 CATMA20A20230R1 AT2G21550 1.68 1.11 CATMA20A24700R1 AT2G26370 2.78 -1.02
CATMA20F00788F1 AT2G15390 1.96 1.12 CATMA20A20240F1 AT2G21560 -1.74 1.11 CATMA20A24710F1 AT2G26380 2.34 1.04
CATMA20C47194R1 AT2G15480 1.86 1.27 CATMA20A20260R1 AT2G21590 1.33 -2.86 CATMA20A24760R1 AT2G26440 1.76 1.24
CATMA20A14420R1 AT2G15490 2.23 1.38 CATMA20A20300R1 AT2G21640 1.59 1.35 CATMA20A24810R1 AT2G26480 1.89 1.36
CATMA20A14670F1 AT2G15760 1.51 1.15 CATMA20A20310R1 AT2G21650 -1.66 3.05 CATMA20A24825R1 AT2G26500 -1.77 1.76
CATMA20A14690F1 AT2G15780 14.94 1.10 CATMA20A20440F1 AT2G21840 1.67 1.05 CATMA20A24850R1 AT2G26520 -1.67 -1.06
CATMA20A14730R1 AT2G15830 1.12 2.13 CATMA20A20450R1 AT2G21850 1.63 1.41 CATMA20A24855F1 AT2G26530 2.29 1.31
CATMA20A14770F1 AT2G15890 2.15 2.28 CATMA20A20460F1 AT2G21860 -1.87 -1.26 CATMA20A24880F1 AT2G26560 597 2.60
CATMA20N101563F1 AT2G16005 3.58 -2.99 CATMA20A20480F1 AT2G21880 -1.61 -1.22 CATMA20A24970R1 AT2G26640 -1.59 -1.15
CATMA20C47210F1 AT2G16060 1.01 -2.78 CATMA20NS0731F1 AT2G21895 3.23 1.48 CATMA20A25010R1 AT2G26695 2.13 1.03
CATMA20A15130F1 AT2G16310 1.58 -1.06 CATMA20A20500F1 AT2G21900 2.33 3.24 CATMA20A25030R1 AT2G26710 1.69 1.54
CATMA20A15380F1 AT2G16660 1.97 1.49 CATMA20C47348R1 AT2G21960 -1.87 -1.24 CATMA20C47440F1 AT2G26740 1.62 1.04
CATMA20C47231R1 AT2G16700 1.96 1.19 CATMA20A20740F1 AT2G22200 -1.71 -1.03 CATMA20F02846F1 AT2G26750 1.75 1.08
CATMA20N90595R1 AT2G16835 -1.60 -1.40 CATMA20C47356F1 AT2G22240 1.83 -1.33 CATMA20A25140R1 AT2G26820 -3.72 -2.39
CATMA20C47235R1 AT2G16850 -1.17 -1.58 CATMA20A20940R1 AT2G22420 1.56 -1.03 CATMA20A25270F1 AT2G26930 -1.54 -1.37
CATMA20C47239R1 AT2G16980 -2.18 1.04 CATMA20A20953F1 AT2G22430 1.90 1.28 CATMA20A25400R1 AT2G27035 -1.59 1.07
CATMA20A15760R1 AT2G17040 6.52 1.22 CATMA20A20970R1 AT2G22450 1.14 1.55 CATMA20A25440R1 AT2G27080 2.11 1.35
CATMA20A16010R1 AT2G17280 1.76 1.33 CATMA20A21030F1 AT2G22510 -2.16 1.81 CATMA20A25510R1 AT2G27130 -1.56 -1.33
CATMA20B16020F1 AT2G17300 -2.00 -1.37 CATMA20A21090R1 AT2G22590 -1.59 -1.19 CATMA20A25525R1 AT2G27150 1.91 1.12
CATMA20A16160F1 AT2G17470 1.56 -1.00 CATMA20F00825R1 AT2G22630 -3.06 1.07 CATMA20B25570R1 AT2G27200 1.62 1.34
CATMA20A16360F1 AT2G17695 -1.70 -1.29 CATMA20A21150F1 AT2G22650 -1.52 -1.15 CATMA20A25680F1 AT2G27290 -1.78 -1.03
CATMA20A16390R1 AT2G17710 1.48 1.62 CATMA20A21260R1 AT2G22770 -1.56 -1.56 CATMA20A25770F1 AT2G27370 -1.98 -1.15
CATMA20A16420F1 AT2G17740 -1.85 -1.82 CATMA20A21340R1 AT2G22860 5.65 1.29 CATMA20C47452R1 AT2G27380 -1.28 -1.86
CATMA20A16486F1 AT2G17820 1.77 -1.05 CATMA20NS0706F1 AT2G22880 2.38 1.48 CATMA20F02848F1 AT2G27395 -7.29 -3.56
CATMA20A16520F1 AT2G17850 1.01 -1.67 CATMA20C47366R1 AT2G22920 -2.11 -1.04 CATMA20C47453R1 AT2G27402 -2.78 -2.59
CATMA20N90788R1 AT2G17972 -2.66 -1.38 CATMA20N94791R1 AT2G22960 -1.64 -1.16 CATMA20A25830F1 AT2G27420 -4.27 -2.77
CATMA20A16680R1 AT2G18000 1.52 1.19 CATMA20A21470R1 AT2G22980 -2.32 1.17 CATMA20A25980F1 AT2G27535 1.70 -1.01
CATMA20A16790F1 AT2G18120 -1.01 -1.53 CATMA20C47370R1 AT2G22990 -1.68 -1.13 CATMA20A25985R1 AT2G27550 3.03 -1.14
CATMA20A16820F1 AT2G18150 5.37 1.49 CATMA20C47372R1 AT2G23010 2.51 1.22 CATMA20A26090F1 AT2G27680 -1.52 -1.12
CATMA20N94772F1 AT2G18190 1.00 1.52 CATMA20C47373F1 AT2G23030 2.86 1.47 CATMA20C47461R1 AT2G27740 -1.56 1.00
CATMA20A16860F1 AT2G18193 2.29 1.24 CATMA20A21630R1 AT2G23130 -2.03 -1.30 CATMA20A26310F1 AT2G27920 1.16 1.54
CATMA20C47917R1 AT2G18328 -2.47 -1.21 CATMA20A21655F1 AT2G23150 8.93 1.22 CATMA20A26390R1 AT2G28000 -1.51 -1.15
CATMA20A17010F1 AT2G18350 1.54 1.32 CATMA20A21780R1 AT2G23270 1.32 1.63 CATMA20A26510F1 AT2G28110 1.57 1.04
CATMA20C47266F1 AT2G18360 2.15 1.12 CATMA20A21820R1 AT2G23320 1.68 1.12 CATMA20A26520R1 AT2G28120 1.57 1.41
CATMA20A17040F1 AT2G18380 -1.55 -1.23 CATMA20N94799F1 AT2G23400 -1.56 1.34 CATMA20A26560R1 AT2G28160 1.52 1.46




Table 22: Continued

Ratio Ratio Ratio
D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe
CATMA20A26583R1 AT2G28190 -1.79 -1.16 CATMA20NS0712R1 AT2G32650 -1.65 -1.33 CATMA20A35370R1 AT2G37070 -1.03 1.52
CATMA20A26640R1 AT2G28250 -1.73 -1.04 CATMA20A30920F1 AT2G32660 5.50 1.15 CATMA20A35385F1 AT2G37090 -1.79 1.05
CATMA20A26660R1 AT2G28270 1.61 -1.06 CATMA20A30940F1 AT2G32680 1.81 1.45 CATMA20A35400R1 AT2G37110 1.77 1.24
CATMA20A26840F1 AT2G28400 1.76 1.28 CATMA20N101779F1 AT2G32880 -3.03 -1.30 CATMA20C47630F1 AT2G37170 -2.02 -1.31
CATMA20N101726R1 | AT2G28410 -1.70 -1.07 CATMA20C47562R1 AT2G32960 2.29 -1.01 CATMA20A35456R1 AT2G37180 -2.56 -1.39
CATMA20A26900F1 AT2G28470 -1.81 -1.49 CATMA20A31180R1 AT2G32990 -2.59 1.04 CATMA20A35650R1 AT2G37380 -1.91 -1.23
CATMA20A26920F1 AT2G28490 -6.27 -3.24 CATMA20N94833F1 AT2G33020 2.12 1.85 CATMA20A35720R1 AT2G37440 -1.96 -1.01
CATMA20A26930F1 AT2G28500 2.63 1.35 CATMA20C47565F1 AT2G33070 -1.80 -1.39 CATMA20C47636F1 AT2G37450 -1.84 -1.40
CATMA20A26990R1 AT2G28570 3.04 -1.25 CATMA20A31330R1 AT2G33180 -2.09 -1.15 CATMA20A35740F1 AT2G37460 -1.87 -1.04
CATMA20A27030R1 AT2G28605 -1.93 -1.29 CATMA20A31410R1 AT2G33250 -1.53 -1.20 CATMA20A35920F1 AT2G37640 -1.66 -1.36
CATMA20A27045F1 AT2G28630 -1.56 -2.17 CATMA20C47569F1 AT2G33330 -1.84 -1.35 CATMA20A35940F1 AT2G37660 -1.96 -1.18
CATMA20A27070R1 AT2G28660 1.95 1.15 CATMA20A31540F1 AT2G33380 2.03 1.01 CATMA20B35995F1 AT2G37710 2.03 1.04
CATMA20NS0485F1 AT2G28670 -1.64 -1.01 CATMA20A31610R1 AT2G33450 -1.88 -1.26 CATMA20N101845R1 AT2G37720 -1.84 -2.06
CATMA20A27100F1 AT2G28690 3.05 1.12 CATMA20A31650R1 AT2G33490 1.62 1.35 CATMA20A36020F1 AT2G37740 1.64 1.04
CATMA20A27110F1 AT2G28700 2.28 -1.18 CATMA20A31740R1 AT2G33570 -1.57 -1.31 CATMA20A36040R1 AT2G37760 1.97 1.11
CATMA20A27190F1 AT2G28780 -1.62 -1.27 CATMA20A32000F1 AT2G33800 -1.73 -1.25 CATMA20A36240R1 AT2G37940 1.58 1.22
CATMA20N101728F1 | AT2G28800 -1.57 -1.09 CATMA20A32020F1 AT2G33830 1.19 2.48 CATMA20N94852F1 AT2G38025 -1.61 -1.09
CATMA20A27220F1 AT2G28820 -1.82 1.27 CATMA20A32070F1 AT2G33850 -1.37 -2.43 CATMA20A36370R1 AT2G38080 -1.59 1.11
CATMA20A27290F1 AT2G28900 1.75 1.04 CATMA20A32080F1 AT2G33855 -1.61 -1.18 CATMA20A36435R1 AT2G38140 -1.86 -1.24
CATMA20A27330F1 AT2G28940 1.60 1.19 CATMA20A32190R1 AT2G34060 -1.64 -1.12 CATMA20A36520R1 AT2G38210 -2.26 -1.07
CATMA20B27340F1 AT2G28950 -1.57 -1.76 CATMA20B32300F1 AT2G34180 2.27 1.09 CATMA20A36550F1 AT2G38240 2.16 1.46
CATMA20A27360R1 AT2G28970 -1.68 1.07 CATMA20C47593F1 AT2G34450 -1.50 -1.19 CATMA20A36560R1 AT2G38250 1.78 1.11
CATMA20A27480R1 AT2G29070 1.59 1.07 CATMA20A32630F1 AT2G34490 1.10 -1.95 CATMA20A36595F1 AT2G38290 2.02 1.22
CATMA20C47481F1 AT2G29170 -1.86 1.13 CATMA20A32640F1 AT2G34500 1.96 -1.45 CATMA20A36620R1 AT2G38320 -2.10 1.02
CATMA20A27610R1 AT2G29180 -1.89 -1.72 CATMA20A32710F1 AT2G34580 -1.09 1.51 CATMA20A36640F1 AT2G38340 1.25 1.51
CATMA20N90827R1 AT2G29280 -1.51 -1.60 CATMA20A32740R1 AT2G34610 7.03 1.35 CATMA20C47649R1 AT2G38380 1.67 1.05
CATMA20C47483R1 AT2G29300 -1.06 -1.84 CATMA20C47595R1 AT2G34620 -1.57 -1.16 CATMA20A36690R1 AT2G38390 -1.84 -1.05
CATMA20A27730R1 AT2G29330 2.08 -1.26 CATMA20A32773F1 AT2G34650 2.52 1.32 CATMA20C47650F1 AT2G38465 1.87 1.76
CATMA20A27740R1 AT2G29340 1.83 1.11 CATMA20D05077R1 AT2G34655 1.49 1.88 CATMA20C47651R1 AT2G38470 3.45 1.09
CATMA20A27750R1 AT2G29350 4.49 2.16 CATMA20A32820F1 AT2G34700 -3.85 -1.74 CATMA20A36770F1 AT2G38480 -1.53 -1.10
CATMA20C47485R1 AT2G29360 -1.74 -1.21 CATMA20A32930R1 AT2G34810 -1.72 -1.41 CATMA20A36780F1 AT2G38490 1.36 1.52
CATMA20C47486F1 AT2G29440 1.83 1.48 CATMA20B32950F1 AT2G34830 2.83 2.50 CATMA20A36890R1 AT2G38600 -2.16 -1.32
CATMA20D02856F1 AT2G29460 9.64 2.51 CATMA20A32960R1 AT2G34840 1.21 1.50 CATMA20A36920F1 AT2G38640 -1.64 -1.90
CATMA20C47487F1 AT2G29470 2.02 1.19 CATMA20A32980R1 AT2G34860 -1.81 -1.33 CATMA20C47655R1 AT2G38695 -1.66 -1.22
CATMA20A28050R1 AT2G29660 -1.56 1.13 CATMA20A32990R1 AT2G34870 -5.58 -2.81 CATMA20A37000R1 AT2G38720 -1.58 -1.18
CATMA20A28065R1 AT2G29680 -1.53 -1.06 CATMA20A33010F1 AT2G34890 1.36 1.95 CATMA20A37026F1 AT2G38750 -1.48 -2.21
CATMA20A28085F1 AT2G29720 2.28 1.51 CATMA20A33030R1 AT2G34910 1.94 2.60 CATMA20A37033R1 AT2G38760 -1.48 -1.72
CATMA20A28230R1 AT2G29870 -1.14 1.77 CATMA20A33070F1 AT2G34960 1.69 -1.28 CATMA20A37050R1 AT2G38780 -1.91 -1.34
CATMA20C47499F1 AT2G29995 1.97 1.27 CATMA20C47600R1 AT2G35070 1.10 1.79 CATMA20A37060F1 AT2G38790 1.65 1.75
CATMA20A28340R1 AT2G30010 -1.13 -1.61 CATMA20N101807R1 AT2G35090 1.01 1.81 CATMA20C47656R1 AT2G38823 2.42 4.85
CATMA20A28376R1 AT2G30070 -1.23 -1.55 CATMA20A33270F1 AT2G35130 -1.66 -1.38 CATMA20A37120F1 AT2G38860 2.81 1.12
CATMA20A28440R1 AT2G30140 2.83 1.56 CATMA20A33400R1 AT2G35270 1.76 1.26 CATMA20C47658F1 AT2G38905 -1.71 -1.13
CATMA20A28490F1 AT2G30210 -1.53 1.03 CATMA20A33490F1 AT2G35350 1.64 1.21 CATMA20A37175R1 AT2G38940 -1.22 -1.68
CATMA20A28530F1 AT2G30250 1.76 1.34 CATMA20C47603R1 AT2G35370 -1.58 -1.16 CATMA20A37280F1 AT2G39040 -4.94 -1.24
CATMA20A28765F1 AT2G30520 -1.96 -1.73 CATMA20A33510R1 AT2G35380 -1.77 1.36 CATMA20A37430F1 AT2G39200 -2.12 -1.27
CATMA20C47507F1 AT2G30540 -1.63 -1.96 CATMA20A33520R1 AT2G35410 -1.59 -1.21 CATMA20A37440F1 AT2G39210 1.62 1.18
CATMA20A28860R1 AT2G30600 -1.52 1.32 CATMA20A33590R1 AT2G35500 -1.84 -1.30 CATMA20A37480F1 AT2G39250 -2.15 1.02
CATMA20C47511F1 AT2G30660 13.60 2.77 CATMA20A33850F1 AT2G35680 1.24 1.29 CATMA20A37500R1 AT2G39270 1.47 1.70
CATMA20C47512F1 AT2G30670 6.56 -1.18 CATMA20C47609F1 AT2G35730 2.63 1.34 CATMA20A37550F1 AT2G39310 -1.25 -2.51
CATMA20A28940F1 AT2G30695 -1.52 -1.29 CATMA20A33940F1 AT2G35770 -2.10 -1.02 CATMA20A37610F1 AT2G39360 1.52 -1.09
CATMA20NS0691F1 AT2G30750 26.56 2.27 CATMA20B34000R1 AT2G35820 -1.51 -1.23 CATMA20N101862F1 AT2G39380 2.09 -1.14
CATMA20N90626R1 AT2G30766 -5.07 -4.68 CATMA20D02870R1 AT2G35830 -1.51 -1.11 CATMA20C47663R1 AT2G39400 1.94 1.29
CATMA20N90522F1 AT2G30770 15.76 2.63 CATMA20A34030R1 AT2G35850 2.99 1.99 CATMA20A37680R1 AT2G39420 -1.53 1.28
CATMA20B29040F1 AT2G30790 -1.93 -1.10 CATMA20A34120F1 AT2G35930 2.08 1.38 CATMA20C47664R1 AT2G39430 -1.55 -1.05
CATMA20A29070F1 AT2G30840 2.09 1.08 CATMA20A34130F1 AT2G35940 1.78 1.20 CATMA20N90423R1 AT2G39470 -2.40 -1.49
CATMA20C47519R1 AT2G30942 1.68 1.10 CATMA20NS0783R1 AT2G35960 -1.72 -1.24 CATMA20A37780F1 AT2G39510 1.77 -2.51
CATMA20A29145R1 AT2G30950 -1.52 -1.11 CATMA20A34180R1 AT2G35980 9.30 1.80 CATMA20A37830F1 AT2G39560 -1.74 -1.11
CATMA20C47523R1 AT2G31083 -1.91 -1.15 CATMA20C47613R1 AT2G35990 1.31 -1.54 CATMA20A37900F1 AT2G39650 1.84 1.39
CATMA20C47524R1 AT2G31085 -3.50 1.63 CATMA20A34280F1 AT2G36080 1.52 1.16 CATMA20A37910R1 AT2G39660 1.78 1.09
CATMA20A29340F1 AT2G31110 1.55 -1.25 CATMA20A34300F1 AT2G36100 -1.84 -1.02 CATMA20K00018R1 AT2G39725 1.54 1.10
CATMA20A29390F1 AT2G31170 -1.59 -1.25 CATMA20A34450F1 AT2G36261 2.01 1.16 CATMA20A37967F1 AT2G39730 -1.79 -1.14
CATMA20C47528F1 AT2G31180 5.50 -1.15 CATMA20A34460F1 AT2G36270 1.94 1.07 CATMA20A38140F1 AT2G39920 2.07 3.82
CATMA20A29570F1 AT2G31345 2.47 1.47 CATMA20A34480R1 AT2G36295 -1.82 1.52 CATMA20A38300F1 AT2G40080 1.37 1.56
CATMA20C47531R1 AT2G31380 -2.84 -2.88 CATMA20A34690R1 AT2G36430 -1.52 -1.23 CATMA20N101864R1 AT2G40095 2.01 1.59
CATMA20A29950F1 AT2G31730 -1.27 -1.70 CATMA20A34750F1 AT2G36490 -1.13 -1.57 CATMA20A38335R1 AT2G40100 -1.55 1.48
CATMA20C47539R1 AT2G31790 -1.69 -1.64 CATMA20A34770F1 AT2G36530 1.53 1.22 CATMA20N101865R1 AT2G40110 -1.02 1.64
CATMA20A30110F1 AT2G31865 5.06 1.59 CATMA20A34810R1 AT2G36570 -1.60 -1.30 CATMA20N101866R1 AT2G40140 2.25 1.26
CATMA20C47541R1 AT2G31880 2.20 1.26 CATMA20A34860F1 AT2G36630 -2.15 -1.28 CATMA20A38400R1 AT2G40150 -2.48 -1.42
CATMA20A30220R1 AT2G31945 2.34 2.02 CATMA20A34865F1 AT2G36640 -2.22 -1.26 CATMA20A38420R1 AT2G40160 -1.78 1.10
CATMA20A30260F1 AT2G31990 -1.79 1.23 CATMA20B34910R1 AT2G36690 -1.60 -1.71 CATMA20A38430F1 AT2G40170 1.90 1.43
CATMA20C47543F1 AT2G32020 1.65 1.31 CATMA20A34980F1 AT2G36750 1.06 2.67 CATMA20N101867R1 AT2G40180 1.40 1.59
CATMA20A30460F1 AT2G32180 -1.66 -1.33 CATMA20N90646F1 AT2G36760 1.03 2.14 CATMA20A38460R1 AT2G40200 2.07 1.06
CATMA20C47548R1 AT2G32190 2.20 1.40 CATMA20F02874F1 AT2G36770 1.61 1.80 CATMA20B38570F1 AT2G40300 1.69 2.70
CATMA20D02863R1 AT2G32200 2.64 1.69 CATMA20A35085R1 AT2G36830 -2.48 -1.62 CATMA20A38620F1 AT2G40340 2.30 2.49
CATMA20C47550R1 AT2G32270 -3.82 -1.45 CATMA20A35140F1 AT2G36870 -2.13 -1.91 CATMA20N90504F1 AT2G40350 1.48 2.34
CATMA20A30590R1 AT2G32280 2.05 1.14 CATMA20A35230R1 AT2G36950 1.72 1.33 CATMA20A38650F1 AT2G40370 1.19 1.76
CATMA20A30615R1 AT2G32300 -1.63 -1.35 CATMA20A35250R1 AT2G36970 2.88 1.27 CATMA20A38680R1 AT2G40400 -3.61 -1.31
CATMA20C47951R1 AT2G32487 1.52 1.21 CATMA20A35265F1 AT2G36990 -1.72 -1.08 CATMA20A38810R1 AT2G40490 -1.62 -1.26
CATMA20A30820R1 AT2G32550 -3.02 -1.08 CATMA20A35300R1 AT2G37025 -2.55 -1.57 CATMA20A38880R1 AT2G40570 -1.53 -1.04
CATMA20MO00181R1 AT2G32610 -1.22 1.55 CATMA20N90837R1 AT2G37030 -1.55 -1.22 CATMA20A38930F1 AT2G40610 -1.76 -1.64
CATMA20A30880F1 AT2G32640 -1.56 -1.38 CATMA20A35330F1 AT2G37040 1.59 1.12 CATMA20A38980R1 AT2G40670 -1.59 -1.33




Table 22: Continued

Ratio Ratio Ratio
D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe
CATMA20A38990R1 AT2G40690 -1.62 -1.40 CATMA20A44000R1 AT2G45600 -1.01 -1.69 CATMA30A02160F1 AT3G03270 1.09 -1.66
CATMA20A39060F1 AT2G40750 -1.21 1.78 CATMA20A44050F1 AT2G45660 -1.98 -1.06 CATMA30A02430R1 AT3G03500 -1.96 1.24
CATMA20A39080R1 AT2G40760 -1.56 -1.20 CATMA20A44160F1 AT2G45760 3.93 2.42 CATMA30A02553F1 AT3G03630 -1.68 -1.04
CATMA20A39180R1 AT2G40840 1.75 1.23 CATMA20A44165R1 AT2G45770 -1.52 1.00 CATMA30F00966F1 AT3G03820 -1.44 -1.71
CATMA20A39230F1 AT2G40900 -2.72 -1.49 CATMA20A44210F1 AT2G45820 -1.59 1.00 CATMA30C57065F1 AT3G03830 -1.41 -1.77
CATMA20A39280F1 AT2G40940 1.79 1.05 CATMA20A44320R1 AT2G45920 2.72 2.02 CATMA30A02840R1 AT3G03870 1.77 1.42
CATMA20A39310R1 AT2G40960 -2.21 -1.70 CATMA20A44490R1 AT2G46090 -1.53 -1.20 CATMA30A02960R1 AT3G03990 1.73 -1.07
CATMA20A39400F1 AT2G41050 -1.52 -1.42 CATMA20A44650R1 AT2G46250 -1.88 -1.40 CATMA30A03000F1 AT3G04030 -2.64 -1.32
CATMA20A39435R1 AT2G41090 1.64 1.21 CATMA20A44770F1 AT2G46400 8.31 3.17 CATMA30A03040F1 AT3G04070 12.85 2.39
CATMA20C47695R1 AT2G41100 2.94 1.37 CATMA20C47792F1 AT2G46410 1.93 1.28 CATMA30A03090R1 AT3G04140 -2.19 -1.57
CATMA20A39530R1 AT2G41180 1.74 1.19 CATMA20A44785R1 AT2G46430 2.08 1.46 CATMA30A03160F1 AT3G04210 2.22 1.56
CATMA20A39540F1 AT2G41190 -1.35 -1.52 CATMA20N101923R1 AT2G46440 3.32 1.38 CATMA30A03170F1 AT3G04220 1.75 -1.03
CATMA20A39590F1 AT2G41240 -1.19 -13.94 CATMA20A44950R1 AT2G46535 -1.67 -1.10 CATMA30A03340R1 AT3G04370 -1.69 1.89
CATMA20A39600F1 AT2G41250 -1.46 -1.52 CATMA20A45030R1 AT2G46600 1.96 1.24 CATMA30F02898R1 AT3G04410 5.32 2.14
CATMA20A39655R1 AT2G41310 -1.62 -1.10 CATMA20A45100F1 AT2G46670 -3.34 -1.62 CATMA30C57072R1 AT3G04420 2.42 1.58
CATMA20A39750R1 AT2G41380 7.42 -1.12 CATMA20A45105F1 AT2G46680 2.29 1.14 CATMA30A03520R1 AT3G04530 2.16 -1.03
CATMA20A39780F1 AT2G41410 2.38 1.05 CATMA20A45110R1 AT2G46690 -2.26 -1.14 CATMA30A03743F1 AT3G04720 4.15 -1.05
CATMA20A39890F1 AT2G41480 -1.38 -1.53 CATMA20A45190R1 AT2G46735 -1.97 -1.31 CATMA30A03770F1 AT3G04760 -1.73 -1.01
CATMA20A40020R1 AT2G41640 1.85 1.26 CATMA20C47798F1 AT2G46750 6.86 2.52 CATMA30A03800R1 AT3G04790 -1.70 1.00
CATMA20A40060F1 AT2G41680 -1.71 -1.04 CATMA20A45250R1 AT2G46790 -3.36 -1.47 CATMA30A04215R1 AT3G05200 1.52 1.16
CATMA20A40080F1 AT2G41700 1.68 1.04 CATMA20A45270R1 AT2G46820 -1.61 -1.07 CATMA30N100595F1 AT3G05360 1.98 1.18
CATMA20A40110F1 AT2G41720 -1.58 -1.04 CATMA20A45275R1 AT2G46830 -2.29 -2.25 CATMA30C57084R1 AT3G05400 2.04 -1.07
CATMA20F02886R1 AT2G41730 2.25 1.61 CATMA20A45350R1 AT2G46910 -2.36 -1.72 CATMA30A04440R1 AT3G05410 -1.68 -1.23
CATMA20A40160R1 AT2G41780 1.58 1.08 CATMA20A45400F1 AT2G46940 1.37 1.63 CATMA30A04650R1 AT3G05625 -1.72 -1.61
CATMA20D02887F1 AT2G41810 -3.26 -1.02 CATMA20A45470F1 AT2G47000 1.43 1.66 CATMA30D02902R1 AT3G05727 -1.25 -4.96
CATMA20A40400R1 AT2G41990 -2.04 -1.26 CATMA20A45580F1 AT2G47130 1.65 1.35 CATMA30A04770R1 AT3G05730 -1.63 -1.57
CATMA20NS0529R1 AT2G42060 -2.12 -1.44 CATMA20NS0753F1 AT2G47180 -2.26 1.12 CATMA30D02903F1 AT3G05770 2.68 1.19
CATMA20A40520R1 AT2G42130 -1.62 -1.35 CATMA20A45630R1 AT2G47190 1.63 1.13 CATMA30A04910R1 AT3G05858 2.06 1.22
CATMA20A40560R1 AT2G42170 -2.16 1.00 CATMA20A45640F1 AT2G47200 -1.87 1.81 CATMA30B04930F1 AT3G05900 -1.85 -1.22
CATMA20A40585R1 AT2G42200 -1.62 -1.35 CATMA20A45730F1 AT2G47260 1.96 1.04 CATMA30A04970F1 AT3G05937 1.79 1.44
CATMA20A40600R1 AT2G42220 -2.32 -1.63 CATMA20A45830F1 AT2G47370 -1.87 -1.33 CATMA30A05130F1 AT3G06070 -1.18 -1.55
CATMA20A40730F1 AT2G42340 1.08 2.06 CATMA20A45910R1 AT2G47450 -1.50 -1.15 CATMA30A05210F1 AT3G06145 -2.91 -1.43
CATMA20A40820R1 AT2G42430 1.58 1.01 CATMA20A45915R1 AT2G47460 -2.19 -1.25 CATMA30A05440R1 AT3G06360 1.55 1.17
CATMA20A40960F1 AT2G42530 6.90 2.42 CATMA20N90811R1 AT2G47470 1.57 1.14 CATMA30A05470F1 AT3G06390 -2.11 1.34
CATMA20C47720F1 AT2G42540 1.76 1.05 CATMA20C47808R1 AT2GA47485 1.42 1.52 CATMA30A05540F1 AT3G06435 1.04 -1.70
CATMA20A41060F1 AT2G42660 1.51 2.09 CATMA20A46010R1 AT2G47550 2.47 1.40 CATMA30A05640R1 AT3G06500 1.55 1.22
CATMA20A41180R1 AT2G42750 -1.15 -2.10 CATMA20A46260F1 AT2G47840 -1.55 1.00 CATMA30C57105F1 AT3G06750 -1.36 -1.63
CATMA20A41220F1 AT2G42790 1.10 1.27 CATMA20A46300R1 AT2G47880 2.16 -1.57 CATMA30A05990F1 AT3G06770 -1.57 -1.27
CATMA20A41290F1 AT2G42870 -1.76 1.33 CATMA20A46310R1 AT2G47890 -1.34 1.56 CATMA30A06020R1 AT3G06810 1.52 1.11
CATMA20A41305R1 AT2G42890 1.46 1.58 CATMA20A46340R1 AT2G47910 -1.79 -1.18 CATMA30A06050R1 AT3G06840 -1.71 -1.29
CATMA20A41310R1 AT2G42900 -1.90 -1.45 CATMA20A46360F1 AT2G47930 -1.88 -1.56 CATMA30A06056R1 AT3G06860 1.80 1.06
CATMA20A41370R1 AT2G42975 -1.95 -1.19 CATMA20A46390R1 AT2G47950 6.71 1.09 CATMA30A06080R1 AT3G06890 4.83 2.15
CATMA20A41400F1 AT2G43000 4.67 2.80 CATMA20A46445R1 AT2G48010 1.63 1.11 CATMA30N91370R1 AT3G06950 -1.64 -1.53
CATMA20A41410R1 AT2G43010 -1.51 -1.19 CATMA20A46480R1 AT2G48070 -1.52 -1.18 CATMA30A06180R1 AT3G06980 -1.57 -1.22
CATMA20A41450R1 AT2G43050 2.15 1.09 CATMA20A46490F1 AT2G48080 -1.21 -1.87 CATMA30A06230F1 AT3G07040 1.57 -1.21
CATMA20A41460R1 AT2G43060 1.73 -1.01 CATMA20A46500F1 AT2G48090 2.52 2.05 CATMA30A06350F1 AT3G07160 1.52 1.35
CATMA20A41790F1 AT2G43390 -2.17 1.93 CATMA20A46540F1 AT2G48130 -1.80 1.09 CATMA30A06750F1 AT3G07520 1.59 -1.02
CATMA20A41890R1 AT2G43480 1.81 1.08 CATMA20A46550R1 AT2G48140 -1.74 1.26 CATMA30A06910R1 AT3G07650 2.69 1.93
CATMA20A41910R1 AT2G43500 2.42 1.22 CATMA30A00100F1 AT3G01060 -1.90 1.02 CATMA30A06970F1 AT3G07710 1.04 3.40
CATMA20A41920R1 AT2G43510 4.97 1.23 CATMA30A00185F1 AT3G01190 -2.22 1.12 CATMA30A06980R1 AT3G07720 5.82 2.33
CATMA20C47737R1 AT2G43535 -1.05 -2.24 CATMA30A00250F1 AT3G01260 -1.84 1.94 CATMA30F00991R1 AT3G07730 1.59 1.19
CATMA20C47738R1 AT2G43550 -1.55 -1.23 CATMA30A00270F1 AT3G01290 4.11 1.37 CATMA30A07310F1 AT3G08040 8.42 1.25
CATMA20A41980F1 AT2G43560 -1.76 -1.27 CATMA30C57007R1 AT3G01350 -1.69 -2.14 CATMA30A07350F1 AT3G08505 -1.90 -1.31
CATMA20A41990F1 AT2G43570 8.49 1.26 CATMA30A00390F1 AT3G01420 3.88 -1.06 CATMA30A07410F1 AT3G08590 1.87 1.53
CATMA20A42020F1 AT2G43600 -1.59 1.06 CATMA30A00420R1 AT3G01440 -1.77 -1.44 CATMA30N94405F1 AT3G08720 2.08 1.38
CATMA20A42030F1 AT2G43610 1.51 1.75 CATMA30A00470R1 AT3G01480 -1.89 -1.18 CATMA30A07540F1 AT3G08740 -1.63 -1.10
CATMA20A42040F1 AT2G43620 -1.75 -2.20 CATMA30A00490F1 AT3G01500 -3.35 -1.19 CATMA30A07570F1 AT3G08770 -1.03 -1.84
CATMA20A42070R1 AT2G43670 -1.68 1.35 CATMA30A00500F1 AT3G01510 -1.72 -1.06 CATMA30A07660F1 AT3G08860 1.95 -1.03
CATMA20A42220R1 AT2G43820 2.23 1.45 CATMA30A00555F1 AT3G01550 -2.39 -1.96 CATMA30A07670F1 AT3G08870 1.29 1.51
CATMA20A42300R1 AT2G43890 -3.25 1.09 CATMA30A00570F1 AT3G01570 -8.82 -4.54 CATMA30A07740R1 AT3G08920 -1.71 -1.24
CATMA20A42340F1 AT2G43920 1.53 -1.12 CATMA30A00600R1 AT3G01600 1.58 -1.12 CATMA30A07810R1 AT3G08970 4.43 1.25
CATMA20A42380F1 AT2G43945 -1.56 -1.19 CATMA30N94378R1 AT3G01760 -1.62 -1.32 CATMA30A07850R1 AT3G09010 2.53 1.52
CATMA20A42450R1 AT2G44010 1.58 1.13 CATMA30A00833R1 AT3G01830 1.48 1.50 CATMA30A07860R1 AT3G09020 1.64 1.63
CATMA20A42510R1 AT2G44080 1.67 1.02 CATMA30N100560R1 AT3G01860 1.42 1.50 CATMA30A07910R1 AT3G09050 -1.52 -1.02
CATMA20C47752F1 AT2G44290 1.88 1.61 CATMA30A00955F1 AT3G01970 7.08 1.44 CATMA30C57129F1 AT3G09162 -2.71 -1.32
CATMA20A42750R1 AT2G44340 -1.64 -1.39 CATMA30A00970R1 AT3G01990 1.67 1.08 CATMA30A08060F 1 AT3G09190 -1.54 -1.15
CATMA20A42820F1 AT2G44390 -1.60 -1.01 CATMA30A01170F1 AT3G02170 1.51 -1.04 CATMA30A08080F1 AT3G09210 -1.82 -1.23
CATMA20A42920R1 AT2G44480 3.51 1.15 CATMA30A01355F1 AT3G02380 -4.12 -5.15 CATMA30N94406F1 AT3G09240 -2.06 1.41
CATMA20A42930R1 AT2G44490 1.73 1.14 CATMA30A01360R1 AT3G02400 1.12 1.52 CATMA30N91048F1 AT3G09260 -1.33 -1.55
CATMA20N94877R1 AT2G44640 -1.52 -1.18 CATMA30A01430R1 AT3G02480 1.22 -2.35 CATMA30A08275F1 AT3G09390 2.10 1.21
CATMA20C47760R1 AT2G44690 -1.20 -1.57 CATMA30NS0975F1 AT3G02493 -1.94 1.10 CATMA30A08320R1 AT3G09450 -2.25 -2.03
CATMA20A43190F1 AT2G44740 -1.58 -1.15 CATMA30A01510F1 AT3G02550 2.21 -1.88 CATMA30A08450F1 AT3G09580 -1.82 1.09
CATMA20A43260R1 AT2G44800 -1.44 -1.63 CATMA30A01540F1 AT3G02570 -1.11 -1.53 CATMA30A08470R1 AT3G09600 -1.11 -1.84
CATMA20C47764R1 AT2G44920 -1.84 -1.28 CATMA30A01570R1 AT3G02610 -1.75 -1.04 CATMA30A08700R1 AT3G09830 2.38 1.20
CATMA20A43420R1 AT2G44940 -2.84 1.03 CATMA30F02894_NR1 | AT3G02620 -1.51 -1.30 CATMA30A08760F1 AT3G09910 1.51 1.04
CATMA20A43610F1 AT2G45220 -1.19 -2.03 CATMA30A01740F1 AT3G02800 2.05 1.34 CATMA30A08785R1 AT3G09922 1.94 1.17
CATMA20A43690R1 AT2G45290 1.68 1.96 CATMA30A01765R1 AT3G02830 -1.76 -1.39 CATMA30A08790F1 AT3G09925 1.65 2.12
CATMA20A43780F1 AT2G45400 1.57 1.53 CATMA30A01800R1 AT3G02875 1.92 -1.02 CATMA30A08820F1 AT3G09940 2.32 1.81
CATMA20A43840R1 AT2G45430 1.58 1.22 CATMA30A01815F1 AT3G02885 -2.52 -2.26 CATMA30A08910F1 AT3G10020 1.55 1.91
CATMA20A43870F1 AT2G45470 -1.84 -1.28 CATMA30A01926R1 AT3G03020 2.01 1.25 CATMA30A08930F1 AT3G10040 1.87 -1.59
CATMA20A43910R1 AT2G45510 1.68 1.33 CATMA30A02085R1 AT3G03190 -1.99 -1.94 CATMA30A08940R1 AT3G10060 -2.15 -1.27




Table 22: Continued

Ratio Ratio Ratio
D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe
CATMA30A09080R1 AT3G10120 2.28 1.07 CATMA30A14295R1 AT3G14940 2.87 1.60 CATMA30A19400R1 AT3G19800 -1.55 -1.20
CATMA30A09195F1 AT3G10230 -1.53 -1.11 CATMA30A14340R1 AT3G14990 1.77 1.30 CATMA30A19600R1 AT3G19990 1.53 1.00
CATMA30A09320F1 AT3G10320 2.12 1.76 CATMA30A14470F1 AT3G15115 -1.58 -1.35 CATMA30A19930F1 AT3G20250 1.63 1.49
CATMA30C57145F1 AT3G10405 -1.86 -1.29 CATMA30A14490F1 AT3G15130 -1.42 -1.52 CATMA30A19950R1 AT3G20270 -1.54 -1.43
CATMA30A09400F1 AT3G10410 1.60 1.32 CATMA30A14510F1 AT3G15150 -1.83 -1.22 CATMA30A20020F1 AT3G20340 5.73 1.58
CATMA30A09450R1 AT3G10450 1.54 -1.11 CATMA30C57216R1 AT3G15190 -1.72 -1.38 CATMA30A20050R1 AT3G20370 -1.15 -1.60
CATMA30A09500R1 AT3G10500 2.13 1.80 CATMA30A14660F1 AT3G15300 1.88 1.43 CATMA30C57288R1 AT3G20380 3.27 -1.18
CATMA30A09980F1 AT3G10930 4.27 1.20 CATMA30A14720F1 AT3G15354 -1.75 -1.57 CATMA30A20080F1 AT3G20395 1.63 -1.03
CATMA30A10060F1 AT3G10986 2.31 1.75 CATMA30A14725F1 AT3G15356 1.56 1.33 CATMA30A20130F1 AT3G20450 -1.79 1.02
CATMA30F01002F1 AT3G11010 2.82 2.29 CATMA30A14790R1 AT3G15370 1.15 1.89 CATMA30A20150F1 AT3G20470 1.86 -2.14
CATMA30A10110R1 AT3G11050 1.12 1.57 CATMA30A14870R1 AT3G15450 1.17 2.51 CATMA30C57293R1 AT3G20590 1.59 1.45
CATMA30N94416R1 AT3G11080 2.04 2.36 CATMA30A14910R1 AT3G15500 2.75 1.68 CATMA30D02940R1 AT3G20600 -1.04 1.50
CATMA30A10150R1 AT3G11090 -1.94 -1.23 CATMA30A14920R1 AT3G15510 1.67 1.68 CATMA30A20370F1 AT3G20640 -1.72 -1.07
CATMA30A10160R1 AT3G11110 -1.56 -1.18 CATMA30A14930R1 AT3G15518 1.87 1.30 CATMA30A20390F1 AT3G20660 2.47 1.12
CATMA30A10360R1 AT3G11340 2.09 -1.01 CATMA30A14940F1 AT3G15520 -2.38 -1.37 CATMA30A20690R1 AT3G20930 -1.51 -1.28
CATMA30A10403F1 AT3G11410 1.63 1.40 CATMA30A14950F1 AT3G15530 1.59 -1.04 CATMA30N91119R1 AT3G20940 -1.48 -1.58
CATMA30A10410R1 AT3G11420 2.16 2.21 CATMA30A15030F1 AT3G15630 1.20 1.61 CATMA30C57301R1 AT3G20960 2.31 1.34
CATMA30A10420R1 AT3G11430 -1.56 1.81 CATMA30A15070R1 AT3G15680 -1.30 -1.52 CATMA30A20880F1 AT3G21055 -1.76 -1.11
CATMA30A10540F1 AT3G11580 2.86 1.20 CATMA30C57229R1 AT3G15770 -1.05 1.78 CATMA30C57304F1 AT3G21070 2.21 1.34
CATMA30A10585R1 AT3G11630 -1.98 -1.19 CATMA30A15240R1 AT3G15850 -3.31 -1.29 CATMA30A20920F1 AT3G21080 1.77 1.32
CATMA30A10755F1 AT3G11820 1.76 1.13 CATMA30A15300F1 AT3G15900 -1.71 -1.31 CATMA30A21086F1 AT3G21240 2.14 1.17
CATMA30A10770F1 AT3G11840 2.47 1.67 CATMA30A15410R1 AT3G15990 1.80 -1.16 CATMA30C57307F1 AT3G21260 1.51 1.20
CATMA30A10850R1 AT3G11930 -1.99 -1.32 CATMA30A15420F1 AT3G16000 -1.53 -1.10 CATMA30C57309F1 AT3G21340 1.10 1.82
CATMA30A10870F1 AT3G11945 -1.62 -1.24 CATMA30A15450R1 AT3G16030 1.69 1.18 CATMA30N94469R1 AT3G21352 1.53 -1.09
CATMA30A10980F1 AT3G12070 1.58 1.03 CATMA30A15560R1 AT3G16150 1.85 1.04 CATMA30C57310F1 AT3G21370 -1.04 -1.57
CATMA30A11050R1 AT3G12110 -1.73 -1.16 CATMA30A15590R1 AT3G16175 -1.61 -1.35 CATMA30A21270R1 AT3G21390 -1.64 -1.47
CATMA30N94420F1 AT3G12203 -2.82 -1.30 CATMA30A15645R1 AT3G16240 -3.48 -1.77 CATMA30A21290R1 AT3G21420 3.45 1.36
CATMA30F01008F1 AT3G12240 1.01 1.83 CATMA30A15650F1 AT3G16250 -1.60 1.09 CATMA30A21320F1 AT3G21460 -1.56 1.22
CATMA30A11270R1 AT3G12320 -2.48 -2.24 CATMA30C57235R1 AT3G16360 -1.31 -2.89 CATMA30N91024F1 AT3G21500 3.86 1.06
CATMA30A11290F1 AT3G12345 -1.75 -1.18 CATMA30A15780R1 AT3G16370 -1.72 -2.03 CATMA30A21385F1 AT3G21510 3.21 1.14
CATMA30A11440F1 AT3G12500 14.93 3.05 CATMA30C57239R1 AT3G16430 -1.23 -1.61 CATMA30A21390R1 AT3G21520 4.40 1.39
CATMA30A11450R1 AT3G12510 1.71 1.13 CATMA30A15870R1 AT3G16450 -1.25 -1.67 CATMA30A21420F1 AT3G21550 -2.22 -1.06
CATMA30A11460F1 AT3G12520 1.88 -1.23 CATMA30A15890F1 AT3G16470 -1.69 -1.21 CATMA30A21540F1 AT3G21670 -3.14 -1.40
CATMA30A11535F1 AT3G12580 -2.04 -1.32 CATMA30A15930F1 AT3G16520 1.55 1.74 CATMA30A21550F1 AT3G21680 -1.53 -1.30
CATMA30C57173F1 AT3G12685 -1.65 -1.08 CATMA30D02932F1 AT3G16530 2.08 1.44 CATMA30A21560R1 AT3G21690 1.63 1.35
CATMA30A11680R1 AT3G12700 2.56 1.13 CATMA30N94444F1 AT3G16565 1.70 1.28 CATMA30A21620R1 AT3G21760 -2.00 -1.51
CATMA30C57177F1 AT3G12780 -1.98 -1.17 CATMA30A16100R1 AT3G16670 -3.37 -2.20 CATMA30A21635R1 AT3G21770 1.86 -1.15
CATMA30A11780F1 AT3G12820 4.20 -1.13 CATMA30A16130R1 AT3G16720 2.13 1.24 CATMA30N91087F1 AT3G21850 1.08 1.73
CATMA30A11860R1 AT3G12900 7.79 -2.55 CATMA30A16200R1 AT3G16800 -1.92 -1.81 CATMA30A21735F1 AT3G21870 -1.78 -1.53
CATMA30A11870R1 AT3G12910 2.49 1.91 CATMA30A16260F1 AT3G16860 2.40 1.11 CATMA30A21750F1 AT3G21890 -3.25 -2.22
CATMA30A11910R1 AT3G12930 -1.50 -1.18 CATMA30A16340R1 AT3G16940 1.51 1.08 CATMA30N94471R1 AT3G22040 1.51 -1.31
CATMA30A12115F1 AT3G13080 3.03 1.82 CATMA30A16390R1 AT3G17000 1.51 1.26 CATMA30A22000F1 AT3G22070 -1.53 -1.04
CATMA30N94428F1 AT3G13090 2.82 1.15 CATMA30A16410F1 AT3G17020 1.52 1.20 CATMA30A22070F1 AT3G22142 -1.03 1.53
CATMA30A12140F1 AT3G13120 -1.78 -1.29 CATMA30A16430F1 AT3G17040 -1.76 -1.52 CATMA30A22090F1 AT3G22160 2.05 1.62
CATMA30A12440F1 AT3G13330 1.78 1.40 CATMA30A16510R1 AT3G17110 2.79 -1.22 CATMA30C57318R1 AT3G22200 1.96 1.28
CATMA30A12510R1 AT3G13380 1.70 1.26 CATMA30A16840R1 AT3G17410 1.59 1.23 CATMA30C57319F1 AT3G22210 -1.55 -1.24
CATMA30D05086F1 AT3G13403 -1.77 -1.50 CATMA30A16940F1 AT3G17510 -1.75 -1.14 CATMA30C57320F1 AT3G22231 -1.75 1.55
CATMA30N91348R1 AT3G13432 1.42 2.71 CATMA30A17030R1 AT3G17609 -2.23 -1.58 CATMA30N91413R1 AT3G22232 -1.94 1.16
CATMA30A12580R1 AT3G13435 1.24 1.88 CATMA30A17130F1 AT3G17680 -1.46 -1.53 CATMA30N91231R1 AT3G22237 -1.77 1.19
CATMA30A12620R1 AT3G13470 -1.51 -1.23 CATMA30A17140R1 AT3G17690 2.83 1.27 CATMA30A22365R1 AT3G22370 1.62 1.44
CATMA30A12630F1 AT3G13480 -1.55 -1.08 CATMA30N94451R1 AT3G17720 1.78 1.24 CATMA30C57321R1 AT3G22415 -1.70 1.35
CATMA30A12760R1 AT3G13610 3.77 1.60 CATMA30A17290R1 AT3G17790 1.41 -1.71 CATMA30A22410R1 AT3G22420 -1.78 -1.41
CATMA30C57195F1 AT3G13672 2.12 -1.06 CATMA30C57263R1 AT3G17820 1.56 1.06 CATMA30C57324R1 AT3G22460 1.84 1.35
CATMA30A12930R1 AT3G13740 -1.54 -1.03 CATMA30A17380R1 AT3G17890 -1.65 -1.22 CATMA30A22530F1 AT3G22540 -1.51 -1.29
CATMA30A12935R1 AT3G13750 -1.82 1.47 CATMA30A17470F1 AT3G18010 -1.41 -1.59 CATMA30A22560F1 AT3G22570 -1.07 1.59
CATMA30A13170R1 AT3G13950 1.90 2.06 CATMA30A17550R1 AT3G18080 1.52 1.20 CATMA30A22590R1 AT3G22620 -1.65 -1.01
CATMA30N100712F1 AT3G14050 1.55 -1.03 CATMA30C57266R1 AT3G18170 -1.79 -1.91 CATMA30A22600F1 AT3G22640 -14.13 -4.23
CATMA30A13280F1 AT3G14060 2.22 -1.14 CATMA30N94457R1 AT3G18180 -1.48 -1.68 CATMA30A22715R1 AT3G22760 -1.54 -1.09
CATMA30A13350F1 AT3G14110 -1.51 -1.35 CATMA30A17720F1 AT3G18200 -1.68 -1.04 CATMA30A22775F1 AT3G22840 -1.75 -2.45
CATMA30N91236F1 AT3G14130 1.70 1.10 CATMA30A17790F1 AT3G18250 2.69 1.82 CATMA30A22820F1 AT3G22880 -1.21 1.83
CATMA30A13460F1 AT3G14200 -1.73 -1.10 CATMA30A17840R1 AT3G18290 -1.27 -2.72 CATMA30A22850F1 AT3G22920 -1.11 1.71
CATMA30A13510F1 AT3G14230 1.63 -1.01 CATMA30N91308F1 AT3G18320 -1.77 -1.14 CATMA30A22955R1 AT3G23000 -1.52 -1.57
CATMA30A13540F1 AT3G14260 2.43 2.32 CATMA30A17940R1 AT3G18370 1.59 1.13 CATMA30A23020F1 AT3G23080 -1.65 1.05
CATMA30N91331F1 AT3G14362 1.68 1.05 CATMA30C57271F1 AT3G18450 -3.57 -1.19 CATMA30A23040F1 AT3G23090 -1.76 1.03
CATMA30A13640F1 AT3G14370 2.33 -1.19 CATMA30A18270F1 AT3G18660 -1.51 -1.00 CATMA30A23060F1 AT3G23110 2.71 1.31
CATMA30A13700R1 AT3G14420 -1.52 -1.12 CATMA30A18390R1 AT3G18773 -2.52 -1.84 CATMA30A23080F1 AT3G23120 10.53 1.86
CATMA30N94433R1 AT3G14452 -1.59 -1.58 CATMA30A18400R1 AT3G18777 -1.68 -1.13 CATMA30A23210F1 AT3G23210 -2.02 -1.55
CATMA30A13740F1 AT3G14460 1.58 1.02 CATMA30A18460F1 AT3G18830 2.25 1.29 CATMA30A23230F1 AT3G23230 1.33 1.65
CATMA30A13750R1 AT3G14470 2.39 1.37 CATMA30A18530R1 AT3G18890 -2.07 -1.05 CATMA30A23245R1 AT3G23250 5.55 -1.59
CATMA30A13900F1 AT3G14590 1.66 1.39 CATMA30A18540R1 AT3G18900 -1.61 -1.19 CATMA30A23280R1 AT3G23280 1.54 1.37
CATMA30A13930R1 AT3G14610 1.64 1.09 CATMA30A18660F1 AT3G19010 1.62 1.29 CATMA30A23380R1 AT3G23450 -1.30 -1.83
CATMA30A13940R1 AT3G14620 6.63 1.59 CATMA30A18680F1 AT3G19030 -2.23 -1.50 CATMA30A23460F1 AT3G23550 3.61 2.83
CATMA30N94435R1 AT3G14630 1.71 1.23 CATMA30A18785F1 AT3G19150 1.64 1.06 CATMA30A23470F1 AT3G23560 1.70 1.48
CATMA30A14030R1 AT3G14680 3.51 1.41 CATMA30A18840F1 AT3G19200 3.45 1.13 CATMA30N91412F1 AT3G23635 1.58 1.31
CATMA30A14050R1 AT3G14700 3.43 1.44 CATMA30A19000R1 AT3G19390 1.96 1.14 CATMA30A23650F1 AT3G23700 -1.72 -1.10
CATMA30A14110R1 AT3G14760 -2.04 -1.42 CATMA30A19030F1 AT3G19430 -1.91 1.20 CATMA30A23680F1 AT3G23740 -1.55 -1.38
CATMA30A14120F1 AT3G14770 -1.65 -1.05 CATMA30A19070R1 AT3G19480 -2.05 -1.48 CATMA30A23700F1 AT3G23760 -1.74 -1.21
CATMA30A14130F1 AT3G14780 2.00 1.54 CATMA30A19200F1 AT3G19580 2.30 1.56 CATMA30A23750R1 AT3G23800 -2.43 -1.26
CATMA30A14210R1 AT3G14850 -1.60 -1.24 CATMA30A19250F1 AT3G19615 4.08 1.13 CATMA30N100824R1 AT3G23805 -1.73 -1.54
CATMA30A14260F1 AT3G14900 -1.51 -1.04 CATMA30A19295F1 AT3G19660 2.28 1.32 CATMA30C57358R1 AT3G24020 -2.06 -1.09
CATMA30A14290R1 AT3G14930 -1.74 -1.10 CATMA30C57282F1 AT3G19710 -1.08 -1.63 CATMA30A24080F1 AT3G24140 -1.57 -1.12




Table 22: Continued

Ratio Ratio Ratio
D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe
CATMA30A24233F1 AT3G24300 -1.80 1.00 CATMA30N100910R1 AT3G28220 -1.95 -1.46 CATMA30A39300F1 AT3G46280 -1.33 -1.81
CATMA30A24320F1 AT3G24420 -1.72 -1.48 CATMA30A28100R1 AT3G28270 -2.74 -2.02 CATMA30C57594F1 AT3G46330 2.15 1.03
CATMA30A24330F1 AT3G24430 -1.54 -1.19 CATMA30A28190F1 AT3G28340 1.56 1.16 CATMA30F01308R1 AT3G46370 -2.00 1.00
CATMA30A24470R1 AT3G24520 1.08 1.04 CATMA30A28200F1 AT3G28345 3.51 4.22 CATMA30N94603R1 AT3G46480 1.07 1.66
CATMA30A24550R1 AT3G24590 -1.58 -1.24 CATMA30A28350F1 AT3G28460 -1.77 -1.23 CATMA30C57596R1 AT3G46490 -2.68 -1.71
CATMA30A24620F1 AT3G24670 1.22 2.05 CATMA30A28420R1 AT3G28540 2.51 1.64 CATMA30A39570R1 AT3G46500 1.78 1.19
CATMA30N91238F1 AT3G24900 1.83 1.65 CATMA30A28430F1 AT3G28550 1.28 1.55 CATMA30A39680R1 AT3G46600 2.07 -1.12
CATMA30ON91385F1 AT3G24982 3.67 2.00 CATMA30A28460R1 AT3G28580 8.55 1.74 CATMA30C57600F1 AT3G46690 2.10 1.12
CATMA30F01084F1 AT3G25010 1.96 2.01 CATMA30A28470R1 AT3G28600 2.08 1.06 CATMA30A39790F1 AT3G46700 -1.23 -1.96
CATMA30N91075F1 AT3G25020 3.76 2.02 CATMA30A28945F1 AT3G28930 2.00 1.22 CATMA30A39870R1 AT3G46780 -1.56 1.05
CATMA30A25040R1 AT3G25190 2.48 1.39 CATMA30N100918F1 AT3G28940 1.74 1.15 CATMA30A39980R1 AT3G46900 5.03 2.19
CATMA30A25100R1 AT3G25250 2.01 1.83 CATMA30N94536F1 AT3G28990 1.77 1.15 CATMA30A40050F1 AT3G46970 1.85 1.53
CATMA30A25220F1 AT3G25480 -1.63 -1.03 CATMA30A29010R1 AT3G29000 3.10 1.97 CATMA30A40110R1 AT3G47030 -1.33 -1.54
CATMA30A25310F1 AT3G25560 -1.75 1.01 CATMA30A29035F1 AT3G29030 -1.80 -2.52 CATMA30C57611F1 AT3G47040 4.18 1.84
CATMA30D05090R1 AT3G25597 2.77 1.24 CATMA30A29070R1 AT3G29035 1.57 1.16 CATMA30A40130F1 AT3G47050 2.78 1.22
CATMA30ON94499F1 AT3G25610 2.83 1.53 CATMA30A29300F1 AT3G29185 -1.94 -1.32 CATMA30A40150F1 AT3G47070 -1.71 1.55
CATMA30C57383F1 AT3G25655 -1.85 1.06 CATMA30A29370R1 AT3G29230 -1.65 1.16 CATMA30N91379F1 AT3G47090 2.21 1.41
CATMA30A25440F1 AT3G25660 -1.58 -1.27 CATMA30A29380R1 AT3G29240 -1.56 1.17 CATMA30A40350F1 AT3G47340 1.74 1.58
CATMA30A25490R1 AT3G25710 -1.62 -1.27 CATMA30A29470R1 AT3G29290 -1.53 -1.18 CATMA30A40420F1 AT3G47420 -1.19 -1.85
CATMA30C57384F1 AT3G25717 1.51 1.08 CATMA30A29610F1 AT3G29410 -1.59 -1.23 CATMA30A40440R1 AT3G47430 -3.03 -1.67
CATMA30A25530R1 AT3G25730 2.56 1.25 CATMA30A29750F1 AT3G29590 1.77 -1.69 CATMA30A40460F1 AT3G47450 -1.69 -1.13
CATMA30C57387R1 AT3G25760 2.87 1.35 CATMA30N100935F1 AT3G29630 -3.71 -1.20 CATMA30C57618F1 AT3G47470 -1.58 -1.20
CATMA30C57388R1 AT3G25770 1.96 2.01 CATMA30A29930R1 AT3G29670 1.92 2.09 CATMA30A40490F1 AT3G47480 2.94 1.54
CATMA30C57389R1 AT3G25780 1.87 -1.10 CATMA30N91353F1 AT3G29762 -2.08 1.05 CATMA30C57619F1 AT3G47500 -2.58 -1.40
CATMA30A25590R1 AT3G25790 -4.15 -1.41 CATMA30A30170R1 AT3G29780 -1.51 -1.12 CATMA30A40540R1 AT3G47540 1.63 1.33
CATMA30A25600F1 AT3G25805 -1.57 -1.11 CATMA30A30250R1 AT3G29810 1.83 -1.58 CATMA30A40630R1 AT3G47640 1.48 -1.66
CATMA30N94501R1 AT3G25810 -2.97 -1.21 CATMA30C57473R1 AT3G29970 -1.52 -2.52 CATMA30A40640R1 AT3G47650 -2.05 -1.12
CATMA30A25670F1 AT3G25840 1.08 1.66 CATMA30A30610R1 AT3G30340 -1.32 -1.90 CATMA30A40790R1 AT3G47780 1.22 1.62
CATMA30A25700F1 AT3G25882 1.79 1.97 CATMA30A30650F1 AT3G30390 1.77 1.10 CATMA30A40820R1 AT3G47800 1.79 1.41
CATMA30A25720R1 AT3G25900 2.50 1.44 CATMA30A31045R1 AT3G30720 -5.19 -4.64 CATMA30A40900F1 AT3G47860 -1.41 1.60
CATMA30A25740F1 AT3G25920 -1.90 -1.39 CATMA30A31275F1 AT3G30775 2.10 1.55 CATMA30A40990R1 AT3G47980 -1.56 1.19
CATMA30N100867F1 | AT3G25930 1.40 1.78 CATMA30A31550F1 AT3G30875 -1.52 1.08 CATMA30A41110F1 AT3G48080 2.90 1.38
CATMA30A25760R1 AT3G25950 1.37 1.80 CATMA30A33370F1 AT3G32990 -1.35 1.55 CATMA30A41120F1 AT3G48090 1.59 1.14
CATMA30A25800F1 AT3G25990 1.58 1.04 CATMA30A33372F1 AT3G33000 -1.85 1.38 CATMA30N101137F1 AT3G48100 -1.73 -1.16
CATMA30A25860R1 AT3G26060 -1.73 -1.12 CATMA30A33374F1 AT3G33002 -1.70 1.14 CATMA30A41153F1 AT3G48180 1.91 1.30
CATMA30A25900R1 AT3G26090 1.65 1.09 CATMA30A33376F1 AT3G33004 -1.90 1.17 CATMA30A41320R1 AT3G48340 -1.20 2.13
CATMA30A25960F1 AT3G26130 1.55 1.18 CATMA30A34200F1 AT3G42180 -1.55 -1.32 CATMA30N91416R1 AT3G48346 -1.03 2.62
CATMA30N94504F1 AT3G26150 1.60 1.76 CATMA30F06005F1 AT3G42628 -1.65 -1.01 CATMA30A41330R1 AT3G48350 -1.53 1.28
CATMA30F01092F1 AT3G26160 1.34 1.71 CATMA30A35130F1 AT3G42860 1.75 1.21 CATMA30A41360R1 AT3G48390 -1.81 1.53
CATMA30N91016F1 AT3G26180 1.25 1.86 CATMA30A35850F1 AT3G43430 2.79 1.11 CATMA30A41390R1 AT3G48420 -1.81 -1.34
CATMA30A26060F1 AT3G26210 1.84 1.07 CATMA30A36080R1 AT3G43540 -1.54 -1.19 CATMA30A41430F1 AT3G48450 2.15 1.81
CATMA30C57399F1 AT3G26220 1.92 1.03 CATMA30N94573R1 AT3G43630 2.23 1.45 CATMA30A41440R1 AT3G48460 -2.05 -1.59
CATMA30C57401F1 AT3G26280 1.64 -1.21 CATMA30A36410R1 AT3G43670 1.70 1.98 CATMA30A41520F1 AT3G48560 -1.55 -1.08
CATMA30N91120F1 AT3G26310 -1.83 -1.30 CATMA30N91063F1 AT3G43820 1.83 3.12 CATMA30A41540R1 AT3G48580 4.19 -1.14
CATMA30N90993F1 AT3G26330 -3.98 -1.06 CATMA30A36740F1 AT3G43850 -3.38 1.05 CATMA30A41600F1 AT3G48640 1.54 2.01
CATMA30A26280R1 AT3G26440 1.76 1.28 CATMA30A36850R1 AT3G44020 -1.73 -1.38 CATMA30A41610R1 AT3G48650 2.02 1.86
CATMA30F01102F1 AT3G26450 1.25 -1.51 CATMA30A37212R1 AT3G44300 4.43 1.06 CATMA30A41710R1 AT3G48720 1.00 -1.66
CATMA30C57405F1 AT3G26460 -2.01 -1.62 CATMA30A37270F1 AT3G44350 1.20 1.96 CATMA30A41720R1 AT3G48730 -1.59 -1.32
CATMA30A26310R1 AT3G26470 1.79 1.43 CATMA30A37380F1 AT3G44450 -2.34 1.10 CATMA30A41730F1 AT3G48740 -1.59 -1.16
CATMA30A26340F1 AT3G26500 1.96 1.28 CATMA30N91323F1 AT3G44480 1.57 1.03 CATMA30A41885R1 AT3G48890 1.56 1.11
CATMA30A26362R1 AT3G26570 -1.66 -1.27 CATMA30C57549R1 AT3G44550 -1.44 1.53 CATMA30N94621F1 AT3G48940 -2.26 1.18
CATMA30C57406F1 AT3G26590 1.98 1.05 CATMA30N101090R1 AT3G44560 -1.59 1.80 CATMA30A41950F1 AT3G48970 -1.62 -1.21
CATMA30A26368R1 AT3G26600 1.63 1.50 CATMA30N91082R1 AT3G44670 1.91 1.06 CATMA30A42080F1 AT3G49070 -1.79 1.12
CATMA30N100872F1 | AT3G26630 -1.62 -1.04 CATMA30A37710R1 AT3G44720 1.80 1.42 CATMA30N91365R1 AT3G49120 3.86 2.04
CATMA30A26440F1 AT3G26690 1.79 1.21 CATMA30C57553R1 AT3G44770 -1.04 1.66 CATMA30A42120R1 AT3G49130 1.72 1.05
CATMA30A26460R1 AT3G26710 -2.01 -1.20 CATMA30C57558R1 AT3G44860 1.44 2.28 CATMA30A42160F1 AT3G49160 2.07 3.36
CATMA30C57411R1 AT3G26740 1.75 1.71 CATMA30A37910R1 AT3G44890 -1.76 -1.31 CATMA30A42360R1 AT3G49330 -1.83 1.48
CATMA30A26510R1 AT3G26770 2.08 1.11 CATMA30A37960F1 AT3G44940 -2.22 -1.20 CATMA30A42380F1 AT3G49350 1.56 1.15
CATMA30A26545F1 AT3G26790 -1.54 -1.19 CATMA30A37990R1 AT3G44970 1.71 1.17 CATMA30C57657F1 AT3G49370 1.51 1.35
CATMA30F01108R1 AT3G26830 5.18 1.32 CATMA30A38015F1 AT3G44990 -3.45 -1.78 CATMA30A42560F1 AT3G49530 1.72 1.08
CATMA30N100877F1 | AT3G26900 -1.85 -1.23 CATMA30A38070R1 AT3G45050 -1.80 -1.31 CATMA30C57669R1 AT3G49620 3.40 -1.03
CATMA30A26752F1 AT3G26960 -1.13 -2.30 CATMA30A38080F1 AT3G45060 -2.38 1.77 CATMA30A42716R1 AT3G49690 1.38 1.64
CATMA30A26850F1 AT3G27050 -2.27 -1.17 CATMA30A38160F1 AT3G45130 20.17 1.79 CATMA30A42800F1 AT3G49760 -1.89 -1.07
CATMA30A26960R1 AT3G27160 -1.71 -1.21 CATMA30A38175R1 AT3G45140 1.84 -1.16 CATMA30A42820R1 AT3G49780 4.08 -1.02
CATMA30A26965R1 AT3G27170 -1.67 -1.11 CATMA30A38190F1 AT3G45160 -2.22 -1.18 CATMA30A42890R1 AT3G49845 -1.55 1.08
CATMA30A27020F1 AT3G27210 1.49 1.52 CATMA30A38240F1 AT3G45210 -2.07 -1.25 CATMA30A43010F1 AT3G49960 1.89 1.79
CATMA30A27110F1 AT3G27290 1.51 1.13 CATMA30A38310F1 AT3G45260 1.49 1.53 CATMA30A43300R1 AT3G50260 2.35 1.61
CATMA30A27260R1 AT3G27400 2.23 -1.09 CATMA30N91352R1 AT3G45290 1.79 -1.29 CATMA30N94632R1 AT3G50280 1.42 1.73
CATMA30A27410R1 AT3G27540 -1.62 -1.19 CATMA30A38430F1 AT3G45430 -1.82 -1.54 CATMA30A43470R1 AT3G50400 -1.55 1.54
CATMA30A27510F1 AT3G27630 1.55 1.03 CATMA30C57567F1 AT3G45443 -1.57 -1.17 CATMA30A43510F1 AT3G50440 -1.25 -1.85
CATMA30C57426R1 AT3G27660 -7.87 -4.11 CATMA30C57577R1 AT3G45640 2.50 1.14 CATMA30A43550R1 AT3G50480 1.66 -1.01
CATMA30C57427R1 AT3G27690 -1.79 -1.20 CATMA30A38680R1 AT3G45680 -3.66 -1.93 CATMA30A43600F1 AT3G50560 -5.26 -1.42
CATMA30A27600R1 AT3G27750 -1.63 1.01 CATMA30C57579R1 AT3G45700 -2.35 -1.78 CATMA30A43620F1 AT3G50580 -1.67 1.57
CATMA30D02963R1 AT3G27830 -1.55 -1.09 CATMA30C57580R1 AT3G45710 -3.03 -2.09 CATMA30A43660F1 AT3G50610 1.99 -2.11
CATMA30F01121R1 AT3G27850 -1.71 -1.24 CATMA30C57581R1 AT3G45730 4.65 -1.03 CATMA30A43687F1 AT3G50685 -1.54 -1.27
CATMA30A27720F1 AT3G27920 -1.87 -1.23 CATMA30A38870F1 AT3G45860 2.32 1.65 CATMA30A43750F1 AT3G50740 2.95 1.34
CATMA30A27760F1 AT3G27960 -1.54 -1.24 CATMA30N91116R1 AT3G45920 1.93 1.21 CATMA30A43775R1 AT3G50770 2.61 1.64
CATMA30A27840R1 AT3G28050 3.04 2.42 CATMA30F01304F1 AT3G46080 2.73 1.58 CATMA30C57692F1 AT3G50820 -1.97 -1.23
CATMA30C57429R1 AT3G28070 1.66 -1.05 CATMA30N90987F1 AT3G46090 391 1.71 CATMA30A43910R1 AT3G50900 1.73 1.08
CATMA30A27920F1 AT3G28150 1.87 1.02 CATMA30A39110R1 AT3G46130 -1.68 1.35 CATMA30A43920R1 AT3G50910 1.62 1.16
CATMA30A28035R1 AT3G28210 1.82 1.98 CATMA30C57593F1 AT3G46270 9.86 1.52 CATMA30A43940R1 AT3G50930 5.40 1.65




Table 22: Continued

Ratio Ratio Ratio
D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe
CATMA30C57695R1 AT3G50950 2.02 1.33 CATMA30A48860R1 AT3G55880 1.60 1.36 CATMA30A54910F1 AT3G61750 -2.61 -1.52
CATMA30A43980R1 AT3G50970 1.05 1.64 CATMA30C57814R1 AT3G55890 1.65 1.44 CATMA30A54930R1 AT3G61770 -1.58 -1.06
CATMA30A44010F1 AT3G51000 1.97 1.23 CATMA30A48880R1 AT3G55910 1.81 1.82 CATMA30A55020R1 AT3G61870 -1.51 1.79
CATMA30A44200F1 AT3G51200 1.58 3.00 CATMA30N94657R1 AT3G55940 -2.16 1.02 CATMA30A55060R1 AT3G61930 5.94 1.00
CATMA30A44410F1 AT3G51400 1.51 1.69 CATMA30A48940F1 AT3G55970 4.72 1.52 CATMA30A55120F1 AT3G61990 1.80 1.28
CATMA30C57703R1 AT3G51430 2.03 1.26 CATMA30N101217R1 AT3G55980 2.21 -1.09 CATMA30A55150F1 AT3G62020 -1.77 -1.06
CATMA30A44550R1 AT3G51540 4.43 2.17 CATMA30A48980R1 AT3G56010 -1.68 -1.09 CATMA30A55155R1 AT3G62030 -2.47 -1.30
CATMA30A44603F1 AT3G51600 -1.09 -1.67 CATMA30A49050F1 AT3G56090 3.19 1.36 CATMA30NS91212F1 AT3G62040 -2.78 -1.06
CATMA30A44650R1 AT3G51670 1.08 -1.59 CATMA30A49125R1 AT3G56170 1.59 1.11 CATMA30A55250F1 AT3G62110 -1.89 -1.48
CATMA30A44710F1 AT3G51750 -1.58 1.18 CATMA30A49150R1 AT3G56200 1.61 -1.11 CATMA30A55290F1 AT3G62150 2.01 -1.04
CATMA30A44760F1 AT3G51820 -1.60 -1.20 CATMA30A49180F1 AT3G56230 -2.09 -1.09 CATMA30A55410F1 AT3G62260 1.85 1.64
CATMA30A44780R1 AT3G51860 2.60 1.56 CATMA30N101220F1 AT3G56240 -1.63 -1.18 CATMA30A55420F1 AT3G62270 2.05 1.04
CATMA30A44790R1 AT3G51870 -1.86 1.15 CATMA30A49200F1 AT3G56260 1.58 1.01 CATMA30A55430F1 AT3G62280 1.84 1.05
CATMA30A44800F1 AT3G51890 1.91 1.45 CATMA30A49230F1 AT3G56290 -2.16 -1.46 CATMA30A55720R1 AT3G62550 2.69 1.96
CATMA30A45070R1 AT3G52150 -1.91 -1.39 CATMA30A49300R1 AT3G56330 -1.55 -1.10 CATMA30A55760F1 AT3G62590 1.29 1.69
CATMA30A45100F1 AT3G52170 -1.51 -1.26 CATMA30A49340R1 AT3G56360 -6.02 -1.83 CATMA30C57916R1 AT3G62680 1.81 1.76
CATMA30A45110F1 AT3G52180 2.13 1.25 CATMA30C57822F1 AT3G56400 2.03 1.51 CATMA30A55860F1 AT3G62700 1.51 1.11
CATMA30A45320R1 AT3G52380 -2.00 -1.05 CATMA30A49590F1 AT3G56620 1.74 1.39 CATMA30N101306R1 AT3G62740 -4.92 -1.08
CATMA30A45345R1 AT3G52430 1.75 1.44 CATMA30A49620R1 AT3G56650 -2.01 -1.16 CATMA30A55940F1 AT3G62770 1.53 1.77
CATMA30A45400F1 AT3G52490 1.61 1.24 CATMA30A49680F1 AT3G56710 3.36 1.92 CATMA30A55990R1 AT3G62820 -1.66 -1.21
CATMA30A45460F1 AT3G52530 1.10 1.68 CATMA30A49900F1 AT3G56910 -1.78 -1.18 CATMA30A56080F1 AT3G62910 -1.59 -1.30
CATMA30A45480F1 AT3G52550 -1.46 -1.61 CATMA30C57834R1 AT3G56940 -1.98 -1.29 CATMA30A56110F1 AT3G62930 -2.07 1.25
CATMA30C57723F1 AT3G52720 -1.76 -3.38 CATMA30A49950F1 AT3G56970 -1.47 -5.19 CATMA30C57918R1 AT3G62950 -4.76 1.13
CATMA30A45670F1 AT3G52740 -1.63 -1.13 CATMA30A49960F1 AT3G56980 28.92 10.70 CATMA30C57919R1 AT3G62960 1.64 -1.20
CATMA30A45680F1 AT3G52750 -1.70 -1.32 CATMA30A50010F1 AT3G57020 -1.76 -1.28 CATMA30A56160R1 AT3G62990 1.94 1.20
CATMA30A45720F1 AT3G52790 -1.68 1.15 CATMA30A50023R1 AT3G57040 -1.87 -1.12 CATMA30A56180R1 AT3G63010 2.36 1.49
CATMA30A45760F1 AT3G52820 -1.07 1.66 CATMA30A50160F1 AT3G57160 1.57 1.55 CATMA30A56200R1 AT3G63030 1.55 1.19
CATMA30F03047R1 AT3G52830 -1.69 1.23 CATMA30A50260F1 AT3G57240 1.41 2.28 CATMA30A56210F1 AT3G63040 -2.46 -1.44
CATMA30N101186F1 AT3G52880 1.53 1.13 CATMA30A50275F1 AT3G57260 4.36 1.71 CATMA30A56310F1 AT3G63120 -1.51 -1.17
CATMA30C57728R1 AT3G52900 -1.57 -1.13 CATMA30A50330F1 AT3G57330 2.06 1.34 CATMA30A56380F1 AT3G63190 -1.65 -1.16
CATMA30A45990F1 AT3G53040 1.05 2.32 CATMA30A50380R1 AT3G57380 1.92 1.08 CATMA30A56390R1 AT3G63200 -1.93 -1.14
CATMA30A46063F1 AT3G53100 -2.67 -1.43 CATMA30A50430R1 AT3G57440 -1.09 1.91 CATMA30A56460R1 AT3G63280 -1.75 1.40
CATMA30C57735R1 AT3G53130 -1.52 -1.34 CATMA30N94663F1 AT3G57460 2.61 1.31 CATMA30A56550F1 AT3G63360 -1.15 1.58
CATMA30C57736F1 AT3G53150 2.83 1.11 CATMA30A50520F1 AT3G57520 2.99 2.08 CATMA30A56610F1 AT3G63410 -1.51 -1.16
CATMA30C57737F1 AT3G53160 1.63 1.30 CATMA30A50700R1 AT3G57680 2.27 1.33 CATMA30C57928R1 AT3G63470 -1.54 -1.02
CATMA30C57741F1 AT3G53200 3.17 1.26 CATMA30A50770R1 AT3G57740 1.79 -1.06 CATMA30C57930R1 AT3G63490 -1.63 -1.14
CATMA30A46140R1 AT3G53230 1.91 2.03 CATMA30A50890F1 AT3G57880 1.60 -1.05 CATMA40A00070R1 AT4G00050 -1.37 -1.67
CATMA30N90971F1 AT3G53235 -4.56 -1.02 CATMA30A51070F1 AT3G58060 12.52 2.99 CATMA40F01409F1 AT4G00070 1.81 1.67
CATMA30A46170R1 AT3G53250 -2.11 -1.45 CATMA30A51270F1 AT3G58270 2.34 1.11 CATMA40A00190F1 AT4G00165 -1.58 -1.06
CATMA30A46195R1 AT3G53280 1.11 -1.90 CATMA30A51810R1 AT3G58810 15.43 1.96 CATMA40A00360R1 AT4G00305 1.08 1.76
CATMA30C57764F1 AT3G53420 -1.62 -1.37 CATMA30A51840F1 AT3G58830 -1.52 -1.13 CATMA40B00440F1 AT4G00370 -1.64 -1.30
CATMA30A46410F1 AT3G53460 1.05 1.69 CATMA30A52080F1 AT3G59040 -1.51 -1.03 CATMA40A00460F1 AT4G00390 1.50 1.50
CATMA30C57769R1 AT3G53480 3.73 2.78 CATMA30A52130R1 AT3G59080 1.81 -1.11 CATMA40ONS0137F1 AT4G00670 -2.11 1.14
CATMA30C57775F1 AT3G53540 1.90 1.11 CATMA30A52190F1 AT3G59140 1.83 1.09 CATMA40A00860R1 AT4G00780 -1.39 -1.55
CATMA30A46750R1 AT3G53800 1.15 1.72 CATMA30A52260R1 AT3G59210 1.59 1.26 CATMA40A00960F1 AT4G00880 -1.85 1.16
CATMA30A46850F1 AT3G53900 -1.56 -1.33 CATMA30A52270R1 AT3G59220 2.69 -1.34 CATMA40A01020F1 AT4G00910 1.72 1.61
CATMA30A46940F1 AT3G53980 -5.12 -2.29 CATMA30A52300F1 AT3G59250 -2.08 -1.52 CATMA40A01110R1 AT4G00970 1.92 1.33
CATMA30A46950F1 AT3G53990 1.41 1.60 CATMA30A52380F1 AT3G59340 -1.64 -1.30 CATMA40A01180F1 AT4G01010 4.69 1.40
CATMA30A46990F1 AT3G54040 4.78 1.33 CATMA30C57876F1 AT3G59370 -1.61 -1.05 CATMA40A01230R1 AT4G01050 -1.83 -1.37
CATMA30A47000R1 AT3G54050 -1.59 -1.12 CATMA30A52440F1 AT3G59400 -1.92 -1.34 CATMA40A01300R1 AT4G01130 1.58 1.02
CATMA30A47070F1 AT3G54100 1.53 1.16 CATMA30A52725R1 AT3G59700 2.28 1.22 CATMA40A01310F1 AT4G01140 -1.92 -1.30
CATMA30A47110F1 AT3G54150 10.17 1.98 CATMA30A52730F1 AT3G59710 3.69 3.29 CATMA40A01510F1 AT4G01310 -1.84 -1.40
CATMA30A47150F1 AT3G54210 -1.94 -1.30 CATMA30N90978F1 AT3G59740 2.01 1.06 CATMA40A01530R1 AT4G01330 -1.50 -1.39
CATMA30C57788F1 AT3G54390 -1.74 -1.39 CATMA30N91054F1 AT3G59930 -2.46 1.21 CATMA40A01560R1 AT4G01360 2.04 1.10
CATMA30A47350R1 AT3G54420 1.86 1.10 CATMA30A52950R1 AT3G59940 -1.19 -1.84 CATMA40C42029F1 AT4G01380 1.75 1.00
CATMA30A47440F1 AT3G54500 -1.80 -1.61 CATMA30A52980F1 AT3G59980 -2.08 -1.21 CATMA40ON94158F1 AT4G01390 4.46 2.51
CATMA30A47480F1 AT3G54530 1.13 1.85 CATMA30A53130R1 AT3G60120 8.78 1.13 CATMA40A01630R1 AT4G01430 1.66 -1.80
CATMA30N94652R1 AT3G54590 1.71 1.88 CATMA30A53150R1 AT3G60140 18.18 2.81 CATMA40A01640R1 AT4G01440 -1.72 1.10
CATMA30A47540R1 AT3G54600 -1.57 -1.74 CATMA30N91339F1 AT3G60160 1.68 1.44 CATMA40A01750F1 AT4G01540 1.74 1.30
CATMA30A47550F1 AT3G54620 1.53 1.19 CATMA30N101272F1 AT3G60210 -1.79 -1.20 CATMA40A01760F1 AT4G01550 1.71 1.15
CATMA30A47570F1 AT3G54640 1.74 1.05 CATMA30A53290R1 AT3G60260 1.38 1.67 CATMA40A01820R1 AT4G01600 -1.91 -1.53
CATMA30A47630F1 AT3G54720 -1.54 1.07 CATMA30A53310R1 AT3G60290 -1.49 -1.71 CATMA40A01840R1 AT4G01630 -3.12 -1.94
CATMA30A47740R1 AT3G54820 1.94 -1.04 CATMA30A53340R1 AT3G60330 3.59 1.75 CATMA40A01880F1 AT4G01680 -1.41 -1.52
CATMA30A47770F1 AT3G54830 -2.18 -1.17 CATMA30A53380F1 AT3G60370 -1.63 -1.20 CATMA40A01890F1 AT4G01700 1.92 1.10
CATMA30A47840F1 AT3G54880 2.92 1.75 CATMA30A53430R1 AT3G60420 2.50 1.84 CATMA40A01920R1 AT4G01720 1.59 1.34
CATMA30A47850F1 AT3G54900 -1.94 -1.16 CATMA30A53522F1 AT3G60520 -1.58 1.11 CATMA40C42043F1 AT4G01800 -1.55 1.01
CATMA30A48090F1 AT3G55080 -1.62 -1.11 CATMA30C57890F1 AT3G60540 1.66 1.50 CATMA40A02090F1 AT4G01870 7.12 1.19
CATMA30A48140F1 AT3G55130 1.83 -1.11 CATMA30N91310R1 AT3G60647 1.64 -1.10 CATMA40A02110R1 AT4G01883 -2.74 -1.04
CATMA30A48230R1 AT3G55230 -1.67 -1.01 CATMA30A53650R1 AT3G60650 1.76 -1.11 CATMA40ONS0194F1 AT4G01910 1.64 1.12
CATMA30A48240F1 AT3G55240 1.14 1.53 CATMA30A53700R1 AT3G60700 -2.05 -1.03 CATMA40C42046F1 AT4G01920 1.83 1.12
CATMA30A48250R1 AT3G55250 -1.56 -1.28 CATMA30A53790F1 AT3G60800 1.52 1.04 CATMA40A02410F1 AT4G02130 -1.60 -1.11
CATMA30A48280R1 AT3G55270 1.71 1.17 CATMA30D03059R1 AT3G60966 1.56 1.05 CATMA40A02550R1 AT4G02280 4.49 1.46
CATMA30A48330F1 AT3G55330 -1.60 -1.00 CATMA30F03060R1 AT3G60970 1.58 1.43 CATMA40A02630R1 AT4G02330 7.16 1.94
CATMA30A48390R1 AT3G55420 -1.63 -1.14 CATMA30A54230R1 AT3G61060 -1.58 1.64 CATMA40A02835F1 AT4G02520 3.38 1.17
CATMA30A48410R1 AT3G55450 1.50 1.29 CATMA30C57896R1 AT3G61080 -1.66 1.01 CATMA40A02840F1 AT4G02530 -2.23 -1.28
CATMA30A48450F1 AT3G55500 -2.37 -1.55 CATMA30A54270F1 AT3G61100 -1.63 -1.22 CATMA40C42060R1 AT4G02725 -1.51 -1.16
CATMA30A48480R1 AT3G55515 2.07 -1.31 CATMA30C57901R1 AT3G61220 -1.53 -1.06 CATMA40A03200F1 AT4G02850 -2.14 -1.46
CATMA30A48610R1 AT3G55630 -1.65 -1.18 CATMA30A54400F1 AT3G61260 -1.85 1.05 CATMA40A03280R1 AT4G02940 1.74 1.76
CATMA30A48680R1 AT3G55700 2.50 1.42 CATMA30A54520F1 AT3G61380 -1.61 -1.15 CATMA40A03380F1 AT4G03060 -1.58 -1.91
CATMA30A48700R1 AT3G55720 1.62 1.03 CATMA30N101292R1 AT3G61410 3.30 2.60 CATMA40A03586R1 AT4G03280 -1.76 -1.04
CATMA30A48770R1 AT3G55800 -2.04 -1.24 CATMA30N94693F1 AT3G61730 -1.13 1.70 CATMA40A03630R1 AT4G03320 1.85 1.65




Table 22: Continued

Ratio Ratio Ratio
D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe
CATMA40A03800F1 AT4G03450 1.81 3.44 CATMA40A11590R1 AT4G11460 -1.40 -1.58 CATMA40A15960F1 AT4G15330 1.84 2.02
CATMA40A03850R1 AT4G03500 -3.27 1.03 CATMA40A11610R1 AT4G11480 2.12 1.06 CATMA40A15970F1 AT4G15340 1.93 -1.30
CATMA40C42092R1 AT4G03540 1.03 1.63 CATMA40A11745F1 AT4G11600 2.65 1.48 CATMA40N94259F1 AT4G15370 1.46 -3.73
CATMA40A04200F1 AT4G03820 1.78 1.22 CATMA40N90267F1 AT4G11642 3.19 -1.12 CATMA40N100247R1 AT4G15393 1.39 -6.47
CATMA40A04390R1 AT4G03960 1.88 -1.21 CATMA40A11780F1 AT4G11650 22.10 1.05 CATMA40F03143R1 AT4G15396 1.52 -1.26
CATMA40C42104F1 AT4G04330 1.28 2.65 CATMA40A11790R1 AT4G11655 1.69 1.23 CATMA40N94260R1 AT4G15398 1.05 -2.12
CATMA40ONS0114F1 AT4G04408 -1.56 1.05 CATMA40A11810F1 AT4G11670 1.13 1.10 CATMA40A16120R1 AT4G15417 -1.69 -1.55
CATMA40A05070F1 AT4G04490 3.32 1.71 CATMA40F03131F1 AT4G11840 1.52 1.22 CATMA40A16150R1 AT4G15430 -1.69 -1.79
CATMA40A05080R1 AT4G04500 2.28 1.60 CATMA40C42235F1 AT4G11850 1.65 1.19 CATMA40C42318F1 AT4G15480 -1.62 -1.52
CATMA40N94181R1 AT4G04540 2.05 1.19 CATMA40A12000R1 AT4G11890 3.39 1.71 CATMA40A16220F1 AT4G15490 1.71 1.56
CATMA40A05150F1 AT4G04620 2.51 1.37 CATMA40A12020R1 AT4G11910 1.95 1.31 CATMA40A16240R1 AT4G15510 -1.64 -1.17
CATMA40A05180F1 AT4G04640 -1.74 1.09 CATMA40A12160R1 AT4G12030 -1.54 -1.33 CATMA40A16270F1 AT4G15530 3.57 1.03
CATMA40C42113F1 AT4G04745 1.51 1.68 CATMA40A12180F1 AT4G12050 1.35 1.61 CATMA40C42319R1 AT4G15540 1.92 1.00
CATMA40N94184R1 AT4G04750 1.78 1.84 CATMA40A12210R1 AT4G12080 1.44 1.50 CATMA40N100252R1 AT4G15610 2.08 1.26
CATMA40F03087R1 AT4G04760 1.60 1.75 CATMA40A12240F1 AT4G12120 1.96 1.58 CATMA40C42321R1 AT4G15620 1.74 -1.15
CATMA40A05320F1 AT4G04770 1.11 2.65 CATMA40A12400R1 AT4G12290 5.99 2.33 CATMA40F01621R1 AT4G15660 -3.31 -1.43
CATMA40A05410R1 AT4G04840 -4.50 -2.83 CATMA40A12440F1 AT4G12330 2.39 -1.42 CATMA40N90046R1 AT4G15670 -2.35 -1.85
CATMA40A05550F1 AT4G04955 1.65 1.48 CATMA40A12530F1 AT4G12420 -1.56 -1.39 CATMA40C42322R1 AT4G15680 -3.00 -1.54
CATMA40A05600R1 AT4G04990 -1.82 1.10 CATMA40N94232R1 AT4G12440 -1.79 -1.60 CATMA40C42323R1 AT4G15690 -2.78 -1.21
CATMA40A05830F1 AT4G05170 -1.32 2.16 CATMA40C42251F1 AT4G12480 2.34 -1.32 CATMA40NS0142R1 AT4G15700 -3.14 -1.29
CATMA40NS0261R1 AT4G05320 1.61 1.21 CATMA40C42252F1 AT4G12490 2.36 -1.34 CATMA40A16570F1 AT4G15780 -1.57 -1.20
CATMA40A06220R1 AT4G05530 1.56 1.09 CATMA40ONS0216F1 AT4G12510 -2.01 -1.35 CATMA40A16650F1 AT4G15830 -1.66 -1.49
CATMA40C42139R1 AT4G06534 2.01 1.68 CATMA40ONS0124F1 AT4G12520 -1.73 -1.26 CATMA40A16790F1 AT4G15960 -1.72 1.05
CATMA40C42140R1 AT4G06536 1.69 1.56 CATMA40D03132R1 AT4G12545 -7.50 -2.21 CATMA40D03145F1 AT4G15990 -1.47 1.72
CATMA40C42144F1 AT4G06744 1.53 1.18 CATMA40D01600R1 AT4G12550 -8.38 -2.88 CATMA40C42796R1 AT4G16008 1.52 1.24
CATMA40C42145F1 AT4G06746 3.01 1.49 CATMA40N100199R1 AT4G12720 2.12 1.32 CATMA40C42335F1 AT4G16146 2.13 1.71
CATMA40A07190F1 AT4G07820 5.62 -1.25 CATMA40C42256F1 AT4G12735 2.19 1.63 CATMA40C42336F1 AT4G16155 -1.59 -1.03
CATMA40A07550R1 AT4G08040 1.75 -1.75 CATMA40A12960R1 AT4G12830 -1.87 -1.20 CATMA40A16930R1 AT4G16160 -1.79 -1.25
CATMA40ON94204F1 AT4G08230 1.56 1.09 CATMA40N100202F1 AT4G12910 2.07 1.97 CATMA40A16980R1 AT4G16190 1.89 1.58
CATMA40A08050R1 AT4G08300 -2.30 1.57 CATMA40A13100F1 AT4G12970 -1.85 -1.78 CATMA40A17000F1 AT4G16210 1.75 1.22
CATMA40F01525F1 AT4G08370 1.65 1.40 CATMA40A13140R1 AT4G13030 1.58 1.22 CATMA40N94265F1 AT4G16240 1.62 -1.06
CATMA40A08153R1 AT4G08390 1.19 1.76 CATMA40A13280F1 AT4G13180 1.68 1.24 CATMA40A17080F1 AT4G16260 14.21 -1.23
CATMA40N90331F1 AT4G08400 1.57 1.74 CATMA40A13300F1 AT4G13195 1.81 1.12 CATMA40A17180F1 AT4G16370 -2.47 -2.82
CATMA40F01527F1 AT4G08410 1.67 2.11 CATMA40N98283R1 AT4G13245 1.60 1.24 CATMA40A17210R1 AT4G16400 1.15 1.53
CATMA40A08290F1 AT4G08470 1.71 1.36 CATMA40A13370F1 AT4G13250 1.47 6.16 CATMA40ONS0023F1 AT4G16410 -1.75 -1.24
CATMA40A08380F1 AT4G08570 -2.19 1.01 CATMA40C42272R1 AT4G13310 2.39 -1.03 CATMA40A17380F1 AT4G16515 -1.21 -1.93
CATMA40ONS0319F1 AT4G08770 6.08 1.10 CATMA40A13550R1 AT4G13390 1.15 2.03 CATMA40A17500F1 AT4G16563 1.43 1.81
CATMA40F01535R1 AT4G08780 6.06 1.20 CATMA40A13595F1 AT4G13420 -1.06 2.28 CATMA40A17550R1 AT4G16600 1.09 1.99
CATMA40A08740F1 AT4G08850 1.53 -1.05 CATMA40A13610R1 AT4G13440 -1.71 1.23 CATMA40A17570F1 AT4G16620 1.19 3.62
CATMA40A08780R1 AT4G08867 1.11 -1.74 CATMA40MO00079R1 AT4G13493 -2.50 -1.37 CATMA40A17600R1 AT4G16660 1.66 1.18
CATMA40ONS0356F1 AT4G08869 -1.07 -1.58 CATMA40MO00028R1 AT4G13494 -1.84 -1.05 CATMA40A17630F1 AT4G16690 -2.30 -1.15
CATMA40A08760F1 AT4G08870 1.16 -1.55 CATMA40N100211F1 AT4G13500 -1.75 -1.05 CATMA40A17710R1 AT4G16745 1.75 -1.01
CATMA40A08890R1 AT4G08950 1.55 1.19 CATMA40C42278F1 AT4G13560 -1.62 -1.04 CATMA40C42352F1 AT4G16880 -2.15 -1.47
CATMA40A08970F1 AT4G09010 -1.79 -1.33 CATMA40A13740F1 AT4G13575 -3.58 -1.25 CATMA40ON94267F1 AT4G16960 1.92 1.08
CATMA40A09000R1 AT4G09020 3.03 1.13 CATMA40A13800R1 AT4G13620 -2.02 -1.91 CATMA40A18000R1 AT4G16980 -1.74 -1.29
CATMA40A09020F1 AT4G09040 -1.77 -1.20 CATMA40A13850R1 AT4G13670 -1.59 -1.27 CATMA40A18050F1 AT4G17030 2.98 -1.89
CATMA40C42178R1 AT4G09110 9.64 2.02 CATMA40A13955F1 AT4G13770 -1.24 -1.58 CATMA40A18230R1 AT4G17215 -1.75 1.63
CATMA40A09130R1 AT4G09160 -1.26 -1.56 CATMA40A13980F1 AT4G13800 -2.44 -1.53 CATMA40A18240F1 AT4G17220 -1.90 1.05
CATMA40A09280R1 AT4G09300 1.79 1.23 CATMA40F01608F1 AT4G13810 2.45 1.39 CATMA40N100279F1 AT4G17230 2.11 1.39
CATMA40A09340F1 AT4G09350 -1.82 -1.21 CATMA40N100216F1 AT4G13820 1.95 1.15 CATMA40A18290R1 AT4G17250 1.85 -1.12
CATMA40A09520R1 AT4G09500 1.92 1.10 CATMA40C42284F1 AT4G13890 1.26 1.56 CATMA40A18330F1 AT4G17280 -1.65 1.28
CATMA40A09550F1 AT4G09530 2.79 2.55 CATMA40N90251R1 AT4G13920 1.95 1.22 CATMA40A18370R1 AT4G17340 -4.01 -2.39
CATMA40A09560R1 AT4G09550 -13.33 -9.91 CATMA40A14220F1 AT4G14010 -1.74 1.08 CATMA40A18490F1 AT4G17470 2.85 1.05
CATMA40A09580R1 AT4G09570 1.73 1.36 CATMA40A14230F1 AT4G14020 1.32 -1.61 CATMA40A18523F1 AT4G17490 1.83 1.18
CATMA40A09680R1 AT4G09650 -1.66 -1.12 CATMA40A14330F1 AT4G14090 1.87 -1.89 CATMA40A18526R1 AT4G17500 2.05 1.23
CATMA40C42186R1 AT4G09820 3.48 -1.56 CATMA40A14375F1 AT4G14130 -2.65 1.29 CATMA40A18580R1 AT4G17560 -1.89 -1.32
CATMA40C42195R1 AT4G10020 -1.58 -1.10 CATMA40A14480R1 AT4G14220 1.59 1.28 CATMA40A18680R1 AT4G17660 3.19 1.44
CATMA40ONS0336F1 AT4G10030 -1.52 -1.19 CATMA40A14700F1 AT4G14365 3.56 1.46 CATMA40A18700F1 AT4G17680 2.25 1.17
CATMA40A10120R1 AT4G10060 -1.76 -1.37 CATMA40A14720F1 AT4G14370 1.69 1.14 CATMA40A18710R1 AT4G17690 2.08 2.41
CATMA40A10170R1 AT4G10120 1.50 1.09 CATMA40A14770R1 AT4G14400 3.17 1.99 CATMA40A18790R1 AT4G17760 -1.63 -1.10
CATMA40A10310F1 AT4G10265 1.46 -2.87 CATMA40A14840R1 AT4G14465 1.52 -1.10 CATMA40A18850R1 AT4G17810 -1.93 -1.21
CATMA40A10320R1 AT4G10270 1.41 -2.04 CATMA40A14850F1 AT4G14480 -1.65 1.08 CATMA40A18930R1 AT4G17900 1.82 1.30
CATMA40A10340R1 AT4G10300 -1.78 -1.14 CATMA40C42296R1 AT4G14560 1.60 1.29 CATMA40C42374F1 AT4G17980 2.27 1.09
CATMA40A10345R1 AT4G10310 -2.49 -1.24 CATMA40A14950F1 AT4G14580 1.53 1.48 CATMA40C42378R1 AT4G18120 1.73 1.20
CATMA40A10540R1 AT4G10500 7.79 1.31 CATMA40A15020R1 AT4G14630 2.62 -1.13 CATMA40A19190R1 AT4G18170 3.89 1.33
CATMA40N94220R1 AT4G10510 9.72 1.97 CATMA40A15030F1 AT4G14650 -1.52 -1.02 CATMA40F01640R1 AT4G18197 2.83 1.04
CATMA40N94221F1 AT4G10540 2.82 1.32 CATMA40A15086R1 AT4G14690 -5.03 -2.68 CATMA40A19240R1 AT4G18205 2.30 1.10
CATMA40OF01568F1 AT4G10550 3.69 1.18 CATMA40C42301F1 AT4G14710 2.18 1.28 CATMA40A19250R1 AT4G18210 2.06 1.18
CATMA40A10760R1 AT4G10720 2.62 -1.23 CATMA40C42304R1 AT4G14780 -2.51 1.17 CATMA40F03153R1 AT4G18220 1.66 -1.03
CATMA40F03124F1 AT4G10860 1.54 1.11 CATMA40A15340R1 AT4G14870 -1.80 -1.16 CATMA40A19290F1 AT4G18250 3.10 2.28
CATMA40A11010R1 AT4G10910 -1.26 -1.60 CATMA40A15350R1 AT4G14890 -1.78 -1.22 CATMA40A19330R1 AT4G18280 -1.54 -1.10
CATMA40C42217R1 AT4G11000 2.12 1.34 CATMA40A15630R1 AT4G15093 1.71 1.20 CATMA40A19420F1 AT4G18360 2.28 1.20
CATMA40C42218F1 AT4G11020 -1.63 -1.59 CATMA40A15660R1 AT4G15120 1.52 1.17 CATMA40A19425R1 AT4G18370 -1.95 -1.26
CATMA40A11180R1 AT4G11100 -1.60 -1.29 CATMA40A15700R1 AT4G15160 -2.05 1.18 CATMA40A19570F1 AT4G18480 -1.75 -1.22
CATMA40A11240R1 AT4G11170 1.10 1.62 CATMA40N94252R1 AT4G15233 2.19 1.13 CATMA40A19650F1 AT4G18550 -1.76 2.26
CATMA40A11260R1 AT4G11175 -1.72 -1.12 CATMA40N94253R1 AT4G15236 2.11 1.16 CATMA40A19730R1 AT4G18610 -1.51 -1.13
CATMA40F01577R1 AT4G11190 -1.35 -2.45 CATMA40A15850R1 AT4G15248 -3.96 -1.88 CATMA40A19860F1 AT4G18740 -2.42 -1.59
CATMA40C42220R1 AT4G11211 -1.31 -2.16 CATMA40C42313R1 AT4G15260 1.90 1.43 CATMA40ON94277F1 AT4G18760 -1.74 -1.43
CATMA40C42222R1 AT4G11310 -6.74 1.42 CATMA40C42314F1 AT4G15270 2.95 1.36 CATMA40A19990F1 AT4G18880 2.25 1.39
CATMA40C42223R1 AT4G11320 -4.42 1.19 CATMA40N94254R1 AT4G15280 3.69 1.42 CATMA40A20000R1 AT4G18890 1.78 -1.10
CATMA40A11510R1 AT4G11393 3.69 1.50 CATMA40F01619F1 AT4G15290 -2.02 1.07 CATMA40A20030R1 AT4G18910 2.14 1.07




Table 22: Continued

Ratio Ratio Ratio
D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe
CATMA40A20110F1 AT4G18990 1.60 1.22 CATMA40A24945F1 AT4G23190 2.51 1.01 CATMA40A28490F1 AT4G26910 1.54 1.11
CATMA40C42392R1 AT4G19100 -1.73 -1.20 CATMA40ON100356F1 AT4G23210 -1.41 -1.62 CATMA40A28530F1 AT4G26950 2.66 1.30
CATMA40A20330R1 AT4G19160 1.48 1.55 CATMA40A24980F1 AT4G23220 2.01 -1.02 CATMA40A28560R1 AT4G26970 1.28 1.69
CATMA40A20400R1 AT4G19200 1.66 1.41 CATMA40A25030F1 AT4G23260 1.98 1.12 CATMA40D03185R1 AT4G27030 -2.69 -1.22
CATMA40A20540F1 AT4G19370 4.67 1.99 CATMA40N94299R1 AT4G23280 2.02 1.65 CATMA40C42518R1 AT4G27140 -12.83 -5.30
CATMA40N100294F1 AT4G19420 1.81 1.25 CATMA40A25060F1 AT4G23290 -1.50 -1.70 CATMA40F01721R1 AT4G27150 -17.94 -13.30
CATMA40A20720F1 AT4G19512 -2.58 -1.05 CATMA40A25210R1 AT4G23400 -1.77 -1.43 CATMA40N90121R1 AT4G27160 -4.46 -2.32
CATMA40A20740R1 AT4G19530 -1.57 -1.26 CATMA40N94300R1 AT4G23410 1.62 1.21 CATMA40N90334R1 AT4G27170 -11.05 -4.00
CATMA40A20900F1 AT4G19660 1.60 1.29 CATMA40A25290R1 AT4G23470 1.59 1.21 CATMA40A28860F1 AT4G27280 1.63 1.07
CATMA40A20920R1 AT4G19680 12.10 2.18 CATMA40A25320F1 AT4G23496 -3.12 -1.27 CATMA40A28880F1 AT4G27300 2.20 1.51
CATMA40A20925R1 AT4G19690 16.32 1.95 CATMA40A25330R1 AT4G23500 -1.72 -1.18 CATMA40A28890R1 AT4G27310 -1.82 -1.48
CATMA40A20930F1 AT4G19700 2.20 1.26 CATMA40A25340F1 AT4G23510 411 1.58 CATMA40A28930R1 AT4G27360 -1.51 -2.36
CATMA40A21020F1 AT4G19810 2.36 1.56 CATMA40A25450R1 AT4G23600 3.59 1.34 CATMA40A28940F1 AT4G27370 -1.63 -1.01
CATMA40A21035F1 AT4G19830 -2.15 -1.27 CATMA40A25460R1 AT4G23610 1.57 1.24 CATMA40A28990F1 AT4G27410 -1.61 -1.62
CATMA40C42406F1 AT4G19880 1.52 1.20 CATMA40A25510F1 AT4G23670 -1.03 -2.16 CATMA40A29005R1 AT4G27430 -1.54 -1.06
CATMA40A21200R1 AT4G19970 -1.57 1.32 CATMA40A25520F1 AT4G23690 1.80 -1.08 CATMA40A29020F1 AT4G27450 -1.72 -1.38
CATMA40A21220F1 AT4G19980 1.81 -1.15 CATMA40A25530F1 AT4G23700 1.71 1.02 CATMA40A29090F1 AT4G27520 -1.93 -1.26
CATMA40A21230F1 AT4G19985 -1.67 -1.35 CATMA40A25590F1 AT4G23770 -1.85 -1.62 CATMA40A29170R1 AT4G27590 2.36 1.15
CATMA40A21380R1 AT4G20110 1.56 1.25 CATMA40C42475F1 AT4G23810 2.18 -1.31 CATMA40A29340F1 AT4G27700 -1.91 -1.28
CATMA40A21390R1 AT4G20130 -1.53 -1.42 CATMA40A25654R1 AT4G23870 -1.74 -1.50 CATMA40A29500R1 AT4G27860 -1.23 -1.60
CATMA40N100304R1 AT4G20170 -1.15 -1.53 CATMA40N100371R1 AT4G23990 2.66 1.49 CATMA40A29540R1 AT4G27900 1.65 -1.15
CATMA40C42415F1 AT4G20230 -2.71 -1.80 CATMA40C42480F1 AT4G24015 -1.52 1.27 CATMA40A29590F1 AT4G27970 1.84 -1.03
CATMA40A21500F1 AT4G20240 -1.64 -1.42 CATMA40A25810R1 AT4G24090 -1.64 -1.16 CATMA40A29670F1 AT4G28025 -1.68 -1.11
CATMA40A21570R1 AT4G20320 1.84 -1.38 CATMA40A25830F1 AT4G24110 1.91 2.02 CATMA40A29690R1 AT4G28040 4.35 -1.37
CATMA40A21620R1 AT4G20360 -1.70 -1.16 CATMA40A25840R1 AT4G24120 1.91 2.54 CATMA40C42530F1 AT4G28050 -1.54 -1.37
CATMA40C42419R1 AT4G20380 1.56 1.27 CATMA40A25860F 1 AT4G24140 -1.65 1.32 CATMA40C42532F1 AT4G28080 -1.88 -1.11
CATMA40A21640R1 AT4G20390 -2.62 1.26 CATMA40A25920F1 AT4G24190 1.68 1.11 CATMA40C42533R1 AT4G28085 1.69 1.13
CATMA40A22250R1 AT4G20760 -1.54 -1.40 CATMA40C42484R1 AT4G24380 1.82 1.07 CATMA40A29890F1 AT4G28250 -1.77 -1.32
CATMA40A22370R1 AT4G20860 1.76 1.07 CATMA40A26180R1 AT4G24450 2.98 -1.82 CATMA40A29930F1 AT4G28290 -1.53 -2.34
CATMA40A22560R1 AT4G21020 -2.60 -1.55 CATMA40A26210R1 AT4G24480 2.28 1.18 CATMA40A29940R1 AT4G28300 1.55 1.27
CATMA40A22700R1 AT4G21120 1.72 1.21 CATMA40A26240R1 AT4G24510 -1.30 -1.63 CATMA40A29990R1 AT4G28350 1.64 1.16
CATMA40A22780F1 AT4G21190 -1.66 -1.20 CATMA40C42486R1 AT4G24570 1.87 1.19 CATMA40A30120R1 AT4G28460 1.56 2.23
CATMA40A22810F1 AT4G21215 1.98 1.51 CATMA40A26380F1 AT4G24670 -1.90 -1.17 CATMA40A30155R1 AT4G28490 3.18 1.19
CATMA40D03168R1 AT4G21250 -2.04 -1.07 CATMA40A26400R1 AT4G24690 2.91 2.18 CATMA40A30170R1 AT4G28520 -8.40 -2.78
CATMA40A22880R1 AT4G21280 -1.88 -1.06 CATMA40A26410F1 AT4G24700 -5.38 -2.91 CATMA40A30180F1 AT4G28530 -1.12 2.76
CATMA40A22910R1 AT4G21320 -1.66 -1.25 CATMA40N100379F1 AT4G24750 -2.03 -1.35 CATMA40A30310R1 AT4G28660 -2.54 -1.39
CATMA40A23010F1 AT4G21400 1.58 1.16 CATMA40A26465F1 AT4G24770 -1.82 -1.14 CATMA40A30360R1 AT4G28703 1.67 -1.11
CATMA40C42435R1 AT4G21445 -1.88 -1.13 CATMA40A26470F1 AT4G24780 -1.08 -1.60 CATMA40A30420R1 AT4G28730 -1.84 -1.07
CATMA40A23210F1 AT4G21560 1.51 1.23 CATMA40A26620F1 AT4G24930 -2.26 -1.31 CATMA40N100422R1 AT4G28780 -2.05 -2.01
CATMA40A23230R1 AT4G21580 1.81 1.17 CATMA40A26710F1 AT4G25010 3.18 -1.09 CATMA40A30570R1 AT4G28850 1.56 1.03
CATMA40A23250R1 AT4G21590 1.34 -1.51 CATMA40A26730R1 AT4G25030 2.18 2.00 CATMA40A30650R1 AT4G28940 -2.57 -1.02
CATMA40A23340F1 AT4G21680 4.86 1.58 CATMA40A26750R1 AT4G25050 -1.81 -1.16 CATMA40A30720R1 AT4G29060 -1.59 -1.36
CATMA40A23420R1 AT4G21760 -1.88 -2.73 CATMA40A26770R1 AT4G25080 -1.65 -1.26 CATMA40A30770R1 AT4G29110 1.80 1.52
CATMA40C42443F1 AT4G21840 6.02 2.18 CATMA40A26790F1 AT4G25100 -3.01 1.55 CATMA40ON100428F1 AT4G29190 2.34 1.53
CATMA40A23520F1 AT4G21860 -1.54 -1.21 CATMA40A26830R1 AT4G25140 -8.50 -5.57 CATMA40C42545R1 AT4G29210 1.61 1.32
CATMA40A23540F1 AT4G21870 -1.51 -1.78 CATMA40C42489R1 AT4G25220 1.51 -1.40 CATMA40A30900R1 AT4G29240 -1.29 -1.62
CATMA40A23750F1 AT4G22070 2.38 1.05 CATMA40A26940R1 AT4G25250 -1.50 -1.27 CATMA40C42546F1 AT4G29270 -1.83 -1.71
CATMA40NS0111F1 AT4G22080 1.72 1.20 CATMA40A26980F1 AT4G25290 -2.09 -1.31 CATMA40A30980R1 AT4G29340 -1.56 -1.56
CATMA40A23840R1 AT4G22160 -1.89 1.05 CATMA40C42490R1 AT4G25310 3.08 -1.04 CATMA40A31030R1 AT4G29400 -1.85 -1.58
CATMA40A23885F1 AT4G22200 -1.62 -1.24 CATMA40A27200F1 AT4G25450 -1.51 -1.09 CATMA40A31220F1 AT4G29590 -1.52 -1.19
CATMA40D03173R1 AT4G22212 -1.71 -1.12 CATMA40A27390F1 AT4G25700 -1.75 -1.49 CATMA40A31410R1 AT4G29780 1.58 1.59
CATMA40A23900R1 AT4G22214 1.94 1.04 CATMA40A27450R1 AT4G25760 -1.61 -1.21 CATMA40A31540F1 AT4G29900 2.14 1.50
CATMA40C42449R1 AT4G22230 -1.18 1.79 CATMA40A27470R1 AT4G25780 -2.13 -1.79 CATMA40C42556F1 AT4G29905 -2.37 -1.40
CATMA40A24180F1 AT4G22460 -1.93 -1.26 CATMA40C42498R1 AT4G25810 2.13 -1.40 CATMA40A31590R1 AT4G29930 -2.03 -1.01
CATMA40A24200F1 AT4G22485 -1.03 -3.33 CATMA40A27496R1 AT4G25820 1.57 1.25 CATMA40N100437F1 AT4G30120 3.17 3.20
CATMA40A24210F1 AT4G22490 -1.07 -3.49 CATMA40C42499R1 AT4G25860 1.66 -1.16 CATMA40A31790F1 AT4G30140 -1.01 -2.51
CATMA40A24220F1 AT4G22505 -1.04 -3.38 CATMA40A27600R1 AT4G25900 2.26 1.29 CATMA40A31835R1 AT4G30210 1.64 1.15
CATMA40ONS0155R1 AT4G22513 -1.31 -3.73 CATMA40A27602R1 AT4G25910 -1.84 -1.26 CATMA40A32040F1 AT4G30430 1.51 -1.04
CATMA40N90116R1 AT4G22517 -1.23 -4.13 CATMA40A27610R1 AT4G25930 1.10 1.76 CATMA40A32060F1 AT4G30450 -3.31 -1.49
CATMA40A24250R1 AT4G22520 -1.47 -3.39 CATMA40A27612F1 AT4G25940 1.83 1.67 CATMA40ON90064F1 AT4G30490 1.68 1.03
CATMA40A24260F1 AT4G22530 1.84 1.37 CATMA40C42500R1 AT4G25960 -1.12 -1.52 CATMA40C42565R1 AT4G30610 -1.56 -1.41
CATMA40A24300F1 AT4G22570 -1.50 -1.53 CATMA40A27647R1 AT4G26050 -3.39 -1.56 CATMA40C42565F1 AT4G30620 -1.61 -1.18
CATMA40A24340F1 AT4G22610 7.73 -1.20 CATMA40C42502F1 AT4G26060 1.53 1.46 CATMA40ON100442F1 AT4G30670 3.63 1.23
CATMA40A24370R1 AT4G22640 -1.83 1.07 CATMA40N100393R1 AT4G26070 1.83 1.32 CATMA40A32470R1 AT4G30845 -1.65 -1.09
CATMA40A24390R1 AT4G22666 -1.97 -1.12 CATMA40N100394F1 AT4G26080 1.54 1.17 CATMA40A32615F1 AT4G30950 -1.91 -1.20
CATMA40F01696R1 AT4G22710 291 1.44 CATMA40N90076R1 AT4G26090 1.91 1.32 CATMA40A32620R1 AT4G30960 1.62 -1.01
CATMA40C42454R1 AT4G22730 -1.21 -1.57 CATMA40A27675R1 AT4G26120 1.54 1.30 CATMA40A32650R1 AT4G30993 -1.54 -1.42
CATMA40A24570F1 AT4G22790 -1.57 -1.10 CATMA40A27685R1 AT4G26150 -3.11 -1.87 CATMA40A32920F1 AT4G31240 1.55 1.57
CATMA40A24580R1 AT4G22810 1.98 1.77 CATMA40A27720R1 AT4G26200 2.27 -1.11 CATMA40A33000F1 AT4G31320 -1.72 -1.12
CATMA40A24590F1 AT4G22820 1.72 1.25 CATMA40A27740R1 AT4G26220 -1.77 -1.49 CATMA40A33010R1 AT4G31330 -1.75 -1.10
CATMA40A24600F1 AT4G22830 -2.02 -1.15 CATMA40A27800F1 AT4G26270 2.18 1.46 CATMA40N90384R1 AT4G31351 1.67 -1.25
CATMA40F03177F1 AT4G22870 1.54 -3.03 CATMA40N90145R1 AT4G26288 -1.69 -1.18 CATMA40N90122R1 AT4G31354 1.79 -1.20
CATMA40A24645F1 AT4G22880 2.47 -3.34 CATMA40C42507F1 AT4G26320 -2.35 -1.21 CATMA40A33066R1 AT4G31380 1.95 1.02
CATMA40N100352R1 | AT4G22890 -1.61 -1.45 CATMA40A28030R1 AT4G26470 2.62 1.51 CATMA40A33123F1 AT4G31470 -1.60 -1.05
CATMA40A24770F1 AT4G23020 -1.40 -1.54 CATMA40A28090R1 AT4G26520 -1.75 -1.57 CATMA40A33170R1 AT4G31530 -1.57 -1.18
CATMA40A24880F1 AT4G23130 1.92 1.20 CATMA40A28100R1 AT4G26530 -1.15 1.76 CATMA40A33370R1 AT4G31730 -2.04 1.08
CATMA40F03179R1 AT4G23140 6.09 1.42 CATMA40A28130F1 AT4G26555 -1.91 -1.08 CATMA40A33440R1 AT4G31800 3.46 1.71
CATMA40A24900R1 AT4G23150 2.18 1.72 CATMA40A28330F1 AT4G26740 -10.00 -4.11 CATMA40A33520R1 AT4G31870 -2.81 -1.36
CATMA40N90360R1 AT4G23160 4.56 1.47 CATMA40A28370R1 AT4G26790 -1.38 1.52 CATMA40A33530F1 AT4G31875 -1.75 1.35
CATMA40A24930R1 AT4G23170 1.87 1.67 CATMA40A28430F1 AT4G26850 -1.25 -1.67 CATMA40N100455R1 AT4G31940 12.34 2.87
CATMA40A24940R1 AT4G23180 2.40 1.44 CATMA40A28450F1 AT4G26860 -1.69 -1.26 CATMA40N90125R1 AT4G31950 24.07 3.57




Table 22: Continued

Ratio Ratio Ratio
D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe
CATMA40F03195R1 AT4G31970 23.10 2.72 CATMA40A38060F1 AT4G36500 1.57 1.01 CATMA50N91770F1 AT5G01720 1.93 1.05
CATMA40A33850R1 AT4G32190 -1.62 -1.28 CATMA40A38070F1 AT4G36520 1.53 1.83 CATMA50A00790R1 AT5G01740 -2.59 -2.25
CATMA40A33990R1 AT4G32280 -2.06 -1.38 CATMA40A38090F1 AT4G36530 -1.57 -1.21 CATMAS50A00900R1 AT5G01850 1.87 1.26
CATMA40A34220R1 AT4G32480 1.56 -1.37 CATMA40A38150F1 AT4G36610 -1.57 1.82 CATMAS50A00930R1 AT5G01870 2.71 -1.99
CATMA40C42598R1 AT4G32590 -1.65 -1.14 CATMA40A38220F1 AT4G36670 1.49 1.67 CATMA50A01030F1 AT5G01950 1.70 1.25
CATMA40A34386F1 AT4G32650 1.53 1.21 CATMA40A38260F1 AT4G36700 -3.78 -11.35 CATMA50A01080F1 AT5G02000 -1.74 -1.21
CATMA40A34500R1 AT4G32770 -1.53 -1.10 CATMA40A38300F1 AT4G36740 -1.03 -1.62 CATMA50C64020F1 AT5G02020 1.74 -1.01
CATMA40C42601R1 AT4G32785 -2.41 1.05 CATMA40A38440F1 AT4G36850 -2.52 -1.26 CATMA50N91500R1 AT5G02120 -2.48 -1.21
CATMA40A34540R1 AT4G32810 2.75 2.02 CATMA40A38590R1 AT4G37010 1.16 1.50 CATMA50A01230R1 AT5G02160 -2.49 1.12
CATMA40A34610R1 AT4G32870 1.76 1.39 CATMA40A38610R1 AT4G37030 3.10 2.23 CATMA50A01270R1 AT5G02200 1.76 -1.12
CATMA40A34660R1 AT4G32915 -1.67 -1.19 CATMA40C42666R1 AT4G37040 -1.55 -1.24 CATMAS50C64024F1 AT5G02290 2.10 1.16
CATMA40A34690F1 AT4G32940 3.54 2.11 CATMA40N94362F1 AT4G37060 2.24 -1.02 CATMA50A01570F1 AT5G02490 1.60 -1.04
CATMA40A34770F1 AT4G33020 1.23 1.61 CATMA40F03207F1 AT4G37070 1.53 -1.15 CATMA40A01580R1 AT5G02540 -1.78 -1.48
CATMA40A34780F1 AT4G33040 2.48 1.18 CATMA40A38660R1 AT4G37080 -1.99 -1.54 CATMA50A01660R1 AT5G02580 3.79 1.38
CATMA40A34790F1 AT4G33050 3.52 1.30 CATMA40A38690F1 AT4G37110 -1.75 -1.20 CATMA50A01730F1 AT5G02640 -1.60 -1.03
CATMA40F03201F1 AT4G33110 -1.51 -1.46 CATMA40C42669F1 AT4G37150 -2.29 -1.21 CATMA50A01790R1 AT5G02710 -1.59 -1.26
CATMA40N90335F1 AT4G33120 -1.59 -1.36 CATMA40A38740F1 AT4G37160 -1.61 1.15 CATMA50A01860R1 AT5G02780 19.26 2.48
CATMA40A34905F1 AT4G33150 2.39 -1.14 CATMA40A38790R1 AT4G37220 -2.99 -1.49 CATMAS50C64034F1 AT5G02830 -2.15 -1.33
CATMA40A35030F1 AT4G33300 2.22 1.38 CATMA40A38820R1 AT4G37240 -1.71 -1.06 CATMA50A01970R1 AT5G02880 1.57 1.33
CATMA40A35050F1 AT4G33330 -1.52 -1.45 CATMA40A38880R1 AT4G37300 -1.68 -1.07 CATMA50A01990F1 AT5G02890 -1.25 -1.70
CATMA40A35200F1 AT4G33470 -1.50 -1.29 CATMA40A38900F1 AT4G37320 1.76 1.06 CATMAS50F03218_NF1 AT5G02940 -1.51 -1.40
CATMA40A35220F1 AT4G33490 1.65 1.03 CATMA40C42674F1 AT4G37370 5.62 1.36 CATMA50A02240R1 AT5G03120 -2.11 -1.37
CATMA40A35246R1 AT4G33520 -1.50 -1.31 CATMA40NS90271F1 AT4G37409 -2.11 -1.03 CATMA50A02270R1 AT5G03160 1.81 1.18
CATMA40A35250F1 AT4G33530 -1.58 -1.16 CATMA40N90271R1 AT4G37410 -3.12 -1.33 CATMA50A02340R1 AT5G03230 1.17 -1.77
CATMA40A35280R1 AT4G33550 -2.92 -1.51 CATMA40A39085R1 AT4G37520 2.32 1.33 CATMA50N92030F1 AT5G03260 -2.08 1.00
CATMA40F01764R1 AT4G33610 -1.74 1.34 CATMA40A39100F1 AT4G37540 -1.81 -1.30 CATMA50A02420F1 AT5G03310 -1.40 1.50
CATMA40C42608F1 AT4G33660 -1.65 -1.06 CATMA40A39140F1 AT4G37610 -1.55 -1.06 CATMA50A02440R1 AT5G03330 1.85 1.08
CATMA40A35420R1 AT4G33666 -1.60 1.05 CATMA40A39220F1 AT4G37700 -7.58 -2.36 CATMA50A02460F1 AT5G03350 1.28 2.20
CATMA40N100474R1 AT4G33720 71.60 -2.92 CATMA40A39270R1 AT4G37760 -1.52 1.07 CATMA50A02510F1 AT5G03380 1.62 1.18
CATMA40A35490R1 AT4G33730 1.58 2.27 CATMA40A39350F1 AT4G37850 -1.08 -2.08 CATMA50A02660R1 AT5G03490 1.79 1.46
CATMA40A35530F1 AT4G33770 -1.83 1.26 CATMA40A39370F1 AT4G37870 1.69 -1.19 CATMAS50A02720R1 AT5G03545 1.66 2.18
CATMA40A35550F1 AT4G33790 -3.14 -1.04 CATMA40A39430F1 AT4G37920 -1.74 -1.32 CATMA50A02740F1 AT5G03555 -1.63 -1.29
CATMA40A35660F1 AT4G33880 -1.77 -1.30 CATMA40A39470R1 AT4G37950 -1.69 -1.37 CATMAS50A02760R1 AT5G03570 8.11 2.74
CATMA40A35780R1 AT4G33960 -1.84 1.19 CATMA40A39560F1 AT4G38060 1.04 1.53 CATMA50A02810F1 AT5G03630 2.09 1.05
CATMA40A35800F1 AT4G33980 3.59 2.97 CATMA40A39600R1 AT4G38080 -1.88 1.52 CATMA50A02940F 1 AT5G03760 -1.56 -1.88
CATMA40A35845R1 AT4G34050 1.91 -1.03 CATMA40A39680R1 AT4G38160 -1.71 -1.33 CATMA50A02970F1 AT5G03780 1.62 -1.07
CATMA40ONS0203F1 AT4G34131 1.81 1.39 CATMA40A39720F1 AT4G38210 1.61 -1.15 CATMA50A03050F1 AT5G03860 -2.48 -1.46
CATMA40A35980R1 AT4G34150 1.68 1.54 CATMA40A39840R1 AT4G38340 2.62 1.33 CATMA50A03135F1 AT5G03940 -1.81 -1.13
CATMA40A36000F1 AT4G34180 1.91 1.23 CATMA40A39920F1 AT4G38400 -1.40 -1.94 CATMA50A03150F1 AT5G03960 -1.52 -1.18
CATMA40A36005F1 AT4G34190 -1.84 -1.17 CATMA40A39930R1 AT4G38410 1.73 -1.08 CATMA50N91435F1 AT5G03995 -4.02 1.01
CATMA40A36040F1 AT4G34220 -1.04 -1.53 CATMA40A39970R1 AT4G38470 1.63 1.21 CATMA50A03190F1 AT5G04000 -2.00 1.08
CATMA40C42615F1 AT4G34230 2.05 -1.03 CATMA40A39990R1 AT4G38490 -1.50 -1.22 CATMA50A03210F1 AT5G04020 1.50 1.19
CATMA40A36150R1 AT4G34320 1.96 2.03 CATMA40A40036R1 AT4G38540 2.97 1.36 CATMA50A03300R1 AT5G04120 1.78 -2.50
CATMA40A36180F1 AT4G34350 -1.65 -1.09 CATMA40N100531R1 AT4G38550 1.76 1.18 CATMA50C64053F1 AT5G04150 -1.09 -3.40
CATMA40A36210R1 AT4G34380 1.63 1.17 CATMA40A40140F1 AT4G38690 -1.71 -1.34 CATMAS50A03380R1 AT5G04200 -1.83 1.13
CATMA40A36220R1 AT4G34390 1.63 1.36 CATMA40N90019R1 AT4G38825 -1.49 -2.80 CATMAS50A03420R1 AT5G04230 -1.30 -1.58
CATMA40A36260R1 AT4G34420 3.10 1.51 CATMA40A40270F1 AT4G38840 -1.56 -1.43 CATMAS50C64054F1 AT5G04340 1.92 1.40
CATMA40A36390R1 AT4G34550 -2.51 -1.76 CATMA40A40280R1 AT4G38850 -1.69 -1.40 CATMA50A03600R1 AT5G04370 -2.13 1.00
CATMA40A36450F1 AT4G34610 -2.16 -1.44 CATMA40A40290R1 AT4G38860 -1.69 -1.29 CATMA50C64063R1 AT5G04720 1.97 1.28
CATMA40A36460F1 AT4G34620 -2.06 -1.40 CATMA40A40400R1 AT4G38960 -1.57 -1.65 CATMA50A03935F1 AT5G04730 3.15 1.22
CATMA40A36470F1 AT4G34630 1.54 -1.16 CATMA40A40410F1 AT4G38970 -1.89 -1.20 CATMA50A04010R1 AT5G04840 -1.69 -1.30
CATMA40A36503F1 AT4G34710 1.64 -1.68 CATMA40A40580F1 AT4G39090 1.68 1.37 CATMA50A04100R1 AT5G04930 1.72 1.37
CATMA40A36510F1 AT4G34730 -1.98 -1.21 CATMA40A40640R1 AT4G39210 2.02 -1.03 CATMAS50C64068F1 AT5G04950 2.28 1.08
CATMA40A36550F1 AT4G34760 -2.09 -1.47 CATMA40A40650F1 AT4G39230 2.42 -1.28 CATMA50A04140R1 AT5G04960 1.64 1.31
CATMA40A36560R1 AT4G34770 -1.29 -2.40 CATMA40C42699F1 AT4G39250 -2.62 -2.50 CATMA50A04450F1 AT5G05250 -1.54 -2.46
CATMA40A36570R1 AT4G34790 -1.47 -1.80 CATMA40A40735R1 AT4G39330 -1.20 -1.83 CATMA50A04500F1 AT5G05320 3.53 1.53
CATMA40C42624R1 AT4G34800 -1.46 -1.55 CATMA40A40840F1 AT4G39460 -1.76 -1.33 CATMA50A04520F1 AT5G05340 9.74 1.06
CATMA40C42625R1 AT4G34810 -1.16 -1.71 CATMA40C42706R1 AT4G39480 -1.02 -2.15 CATMA50N91469R1 AT5G05365 2.50 -1.20
CATMA40A36600F1 AT4G34830 -2.19 -1.04 CATMA40A40890F1 AT4G39510 -1.10 -2.12 CATMAS50A04585R1 AT5G05410 -1.10 1.80
CATMA40C42630R1 AT4G35030 -1.81 -1.26 CATMA40N94372F1 AT4G39580 3.36 1.54 CATMAS50A04630R1 AT5G05460 1.54 1.18
CATMA40A36800F1 AT4G35060 -1.73 -1.13 CATMA40A41020R1 AT4G39670 1.61 1.26 CATMA50A04670R1 AT5G05500 1.61 1.59
CATMA40A36830F1 AT4G35110 1.51 1.12 CATMA40A41030R1 AT4G39675 -4.87 -1.31 CATMA50N91980R1 AT5G05580 -1.51 -1.27
CATMA40ON94350F1 AT4G35150 -4.00 -1.73 CATMA40A41060R1 AT4G39700 1.76 1.12 CATMA50A04790R1 AT5G05600 1.36 -1.66
CATMA40A36890F1 AT4G35160 -2.96 -1.48 CATMA40A41065F1 AT4G39710 -1.93 -1.41 CATMA50A04882F1 AT5G05690 -1.90 -1.25
CATMA40A36980F1 AT4G35250 -2.42 -1.04 CATMA40C42710F1 AT4G39770 -1.86 -1.33 CATMA50A04910F1 AT5G05730 1.89 1.06
CATMA40A37055R1 AT4G35350 -1.64 -1.02 CATMA40A41190R1 AT4G39795 -1.36 1.59 CATMAS50A04920F1 AT5G05740 -1.47 -1.52
CATMA40A37110F1 AT4G35420 -1.42 1.66 CATMA40A41220R1 AT4G39830 2.03 1.12 CATMA50N91691R1 AT5G05880 1.54 1.07
CATMA40A37130F1 AT4G35440 -1.79 1.58 CATMA40A41335R1 AT4G39940 -1.04 -1.52 CATMA50A05150R1 AT5G05960 -1.35 -1.71
CATMA40A37145F1 AT4G35480 1.52 1.28 CATMA40A41360R1 AT4G39955 1.97 -1.06 CATMA50C64086R1 AT5G06090 1.12 1.60
CATMA40N100497R1 AT4G35770 -8.32 -1.22 CATMA40A41390F1 AT4G39970 -1.62 -1.06 CATMA50N93849R1 AT5G06200 -1.64 -1.11
CATMA40C42843R1 AT4G35783 -1.51 -1.13 CATMA40A41393R1 AT4G39980 1.81 1.23 CATMA50A05500R1 AT5G06290 -1.71 -1.05
CATMA40A37620F1 AT4G35985 -1.15 1.58 CATMA50A00030F1 AT5G01015 -2.16 -2.27 CATMAS50A05530F1 AT5G06320 2.48 1.15
CATMA40A37660F1 AT4G36010 1.54 1.37 CATMA50A00080R1 AT5G01060 1.51 1.32 CATMAS50A05540F1 AT5G06330 2.69 1.26
CATMA40A37680F1 AT4G36030 1.89 1.34 CATMA50A00100F1 AT5G01075 -1.67 -1.37 CATMAS50A05580F1 AT5G06370 1.58 1.38
CATMA40A37700F1 AT4G36050 1.03 1.63 CATMA50C64011F1 AT5G01330 -1.67 -1.18 CATMA50A05700F1 AT5G06490 1.61 2.03
CATMA40A37710R1 AT4G36060 -1.58 1.18 CATMAS50A00430F1 AT5G01360 -2.29 1.27 CATMA50A05740F1 AT5G06530 -1.08 -1.78
CATMA40A37770R1 AT4G36110 1.77 1.07 CATMA50A00550R1 AT5G01490 1.76 1.53 CATMA50N91633F1 AT5G06630 1.55 1.95
CATMA40A37810R1 AT4G36150 1.75 1.15 CATMA50A00580R1 AT5G01520 1.20 2.02 CATMA50NS91477F1 AT5G06640 1.66 1.55
CATMA40A37973F1 AT4G36360 -1.46 -1.53 CATMA50A00590R1 AT5G01530 -1.52 -1.01 CATMA50A05885F1 AT5G06690 -1.22 2.15
CATMA40A37980F1 AT4G36390 -1.75 -1.22 CATMA50A00655F1 AT5G01600 -1.07 3.73 CATMA50A05910F1 AT5G06730 14.26 1.14
CATMA40A38005F1 AT4G36430 14.73 1.45 CATMA50A00750F1 AT5G01700 1.12 1.77 CATMAS50A05920R1 AT5G06740 3.59 -1.15




Table 22: Continued

Ratio Ratio Ratio
D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe
CATMA50A05930F1 AT5G06750 1.91 1.20 CATMA50A11290F1 AT5G13080 5.27 1.78 CATMA50A15960R1 AT5G17670 -1.73 -1.05
CATMA50A06060R1 AT5G06839 1.79 1.33 CATMA50A11350F1 AT5G13140 -1.32 -1.52 CATMA50A16000F1 AT5G17710 -1.63 -1.12
CATMAS50C64099R1 AT5G06860 4.35 1.20 CATMA50A11380F1 AT5G13170 1.21 -2.54 CATMAS50A16060F1 AT5G17760 4.26 1.99
CATMA50N99249R1 AT5G06980 -2.23 -2.12 CATMA50A11520R1 AT5G13320 3.36 1.72 CATMA50A16105F1 AT5G17820 1.95 1.88
CATMA50N99250F1 AT5G07000 1.65 -1.43 CATMA50A11530R1 AT5G13330 4.93 1.29 CATMA50A16130R1 AT5G17850 1.59 1.36
CATMA50D03227F1 AT5G07010 2.69 -1.32 CATMA50A11600F1 AT5G13400 -1.08 -1.65 CATMA50A16140F1 AT5G17860 8.60 1.56
CATMA50A06200F1 AT5G07020 -1.84 -1.25 CATMA50C64220R1 AT5G13510 -1.88 -1.12 CATMA50A16150R1 AT5G17870 -1.62 -1.28
CATMA50A06210F1 AT5G07030 -2.06 -1.13 CATMA50A11770F1 AT5G13550 1.54 1.14 CATMA50N91634F1 AT5G18010 -1.63 -2.22
CATMA50A06280R1 AT5G07100 3.36 1.87 CATMA50A11860F1 AT5G13630 -1.63 1.05 CATMA50N91879F1 AT5G18020 -1.70 -2.10
CATMAS50A06310R1 AT5G07130 -1.44 1.74 CATMA50A11955F1 AT5G13730 -1.33 -1.55 CATMA50N91689R1 AT5G18030 -2.00 -2.14
CATMA50A06530R1 AT5G07310 2.49 1.03 CATMA50A11970R1 AT5G13740 1.34 -3.50 CATMA50F01881F1 AT5G18050 -1.69 -2.36
CATMAS50A06655R1 AT5G07440 5.27 1.20 CATMA50A11990R1 AT5G13750 2.83 1.05 CATMA50C64296R1 AT5G18060 -2.03 -1.75
CATMA50C64114F1 AT5G07450 1.60 2.01 CATMA50C64225R1 AT5G13770 -2.20 -1.68 CATMA50N91724R1 AT5G18080 -1.71 -2.07
CATMA50N99254F1 AT5G07530 1.92 10.22 CATMA50A12030F1 AT5G13790 1.88 -1.10 CATMA50A16400R1 AT5G18130 3.99 2.02
CATMA50A06760F1 AT5G07550 1.10 1.82 CATMA50A12055R1 AT5G13820 1.73 1.18 CATMA50A16510F1 AT5G18240 -1.86 -1.04
CATMA50D01840F1 AT5G07650 1.55 1.23 CATMA50A12110F1 AT5G13880 1.62 1.00 CATMA50A16550F1 AT5G18270 1.50 1.32
CATMAS50A06920R1 AT5G07680 -1.68 -1.37 CATMAS50C64228F1 AT5G13900 -2.44 1.77 CATMAS50A16580R1 AT5G18310 1.90 1.24
CATMAS50A06925R1 AT5G07690 -2.32 -2.51 CATMA50A12130F1 AT5G13910 491 4.98 CATMA50N93882F1 AT5G18350 1.31 1.96
CATMA50A07070F1 AT5G07820 1.64 1.30 CATMA50A12230R1 AT5G14000 1.65 1.03 CATMA50A16630F1 AT5G18360 1.73 -1.08
CATMA50A07080R1 AT5G07830 1.78 -1.06 CATMA50A12285R1 AT5G14060 -1.60 -1.50 CATMA50N102990R1 AT5G18470 6.83 2.39
CATMA50A07150R1 AT5G07900 -1.74 -1.15 CATMA50A12290R1 AT5G14070 -1.55 1.05 CATMA50A16790F1 AT5G18490 1.87 1.37
CATMA50A07300R1 AT5G08050 -2.50 -1.03 CATMA50A12310R1 AT5G14090 -1.03 -1.78 CATMA50A16910F1 AT5G18600 -3.85 -1.13
CATMA50A07320R1 AT5G08070 -1.55 -1.47 CATMA50A12320F1 AT5G14100 -1.57 -1.19 CATMA50A16990F1 AT5G18660 -2.10 -1.54
CATMAS50A07500F1 AT5G08240 1.82 1.40 CATMA50A12355F1 AT5G14130 -1.86 1.36 CATMA50A17020R1 AT5G18670 -1.43 -1.85
CATMAS50A07540F1 AT5G08280 -1.52 -1.13 CATMA50A12400F1 AT5G14180 2.32 -1.13 CATMA50A17150R1 AT5G18780 1.51 1.72
CATMAS50A07630F1 AT5G08350 1.64 1.31 CATMA50A12555F1 AT5G14320 -2.00 -1.26 CATMA50A17210R1 AT5G18840 5.07 -1.00
CATMA50A07660F1 AT5G08380 1.85 1.46 CATMA50A12560F1 AT5G14330 1.84 1.55 CATMA50A17220R1 AT5G18850 -1.61 -1.11
CATMA50A07710F1 AT5G08410 -1.32 1.55 CATMA50A12570R1 AT5G14340 1.67 1.28 CATMA50A17230R1 AT5G18860 -1.52 -1.19
CATMA50N91488R1 AT5G08540 -1.54 -1.23 CATMA50N91718F1 AT5G14350 -1.55 -1.34 CATMA50A17440F1 AT5G19040 -2.73 -1.10
CATMAS50A07970R1 AT5G08610 -1.54 -1.12 CATMA50A12650F1 AT5G14410 -1.63 -1.32 CATMA50A17520F1 AT5G19110 2.52 1.10
CATMA50C64129R1 AT5G08660 1.59 1.10 CATMA50N91885R1 AT5G14450 -1.27 -1.62 CATMA50A17550R1 AT5G19140 1.81 1.26
CATMAS50C64133F1 AT5G08720 -1.61 -1.27 CATMA50A12700F1 AT5G14460 -1.53 -1.25 CATMA50A17620R1 AT5G19190 -1.48 -1.94
CATMAS50C64139F1 AT5G08790 2.18 1.27 CATMA50A12860R1 AT5G14650 -1.80 -1.12 CATMA50A17840F1 AT5G19410 -1.35 1.61
CATMA50A08100R1 AT5G09290 3.62 2.23 CATMA50A12870F1 AT5G14660 -1.87 1.01 CATMA50A17870R1 AT5G19440 1.81 1.30
CATMA50A08350F1 AT5G09520 -2.95 1.71 CATMA50A12950R1 AT5G14730 2.18 1.51 CATMA50A17900R1 AT5G19470 3.33 1.01
CATMA50A08360F1 AT5G09530 -1.70 1.39 CATMA50C64237R1 AT5G14740 -2.01 -1.17 CATMA50A17930F1 AT5G19490 1.10 1.54
CATMAS50A08400R1 AT5G09570 3.71 -1.94 CATMA50A12980R1 AT5G14760 -1.02 -1.88 CATMA50A17970F1 AT5G19530 -1.52 -1.10
CATMA50N99279R1 AT5G09640 -1.52 -1.21 CATMA50A13000R1 AT5G14780 1.93 1.28 CATMA50C64312R1 AT5G19560 4.59 1.86
CATMAS50A08480F1 AT5G09650 -1.62 -1.35 CATMA50A13190R1 AT5G14920 1.08 1.59 CATMA50A18030F1 AT5G19600 -3.84 -1.40
CATMAS50A08570R1 AT5G09760 -1.65 -1.31 CATMA50A13200R1 AT5G14930 2.20 2.02 CATMA50A18130F1 AT5G19700 4.89 1.45
CATMA50N91583R1 AT5G09978 -2.38 -1.04 CATMA50A13210F1 AT5G14940 1.57 1.66 CATMA50A18150R1 AT5G19730 -2.54 -1.30
CATMA50A08860R1 AT5G10100 -1.28 -1.59 CATMA50A13400R1 AT5G15120 -1.06 -1.98 CATMA50A18270F1 AT5G19850 -2.06 -1.24
CATMA50N99289F1 AT5G10140 -1.51 -1.24 CATMA50A13410R1 AT5G15130 1.56 1.46 CATMA50A18300F1 AT5G19870 -2.50 1.02
CATMAS50A08900F1 AT5G10150 -2.10 -1.69 CATMAS50A13470R1 AT5G15180 -4.76 -1.58 CATMAS50A18320F1 AT5G19880 433 1.31
CATMAS50A08950R1 AT5G10210 -2.48 1.07 CATMA50A13520R1 AT5G15240 -1.96 -1.19 CATMAS50A18330F1 AT5G19890 7.87 1.76
CATMAS50A08970F1 AT5G10230 -3.34 -1.50 CATMA50A13570R1 AT5G15290 -1.88 -1.51 CATMA50C64316R1 AT5G19940 -1.83 -1.33
CATMA50A08990F1 AT5G10250 -2.26 -1.66 CATMA50A13675F1 AT5G15410 -1.54 1.01 CATMA50A18480F1 AT5G20040 -1.72 -1.28
CATMA50A09140R1 AT5G10380 3.15 1.17 CATMA50A13880R1 AT5G15630 -1.95 -1.06 CATMA50A18570F1 AT5G20140 -1.62 -1.05
CATMA50A09170R1 AT5G10410 -2.44 -1.29 CATMA50A14010F1 AT5G15740 -1.50 -1.29 CATMA50A18590R1 AT5G20150 1.02 -1.79
CATMA50A09183F1 AT5G10430 -1.62 -1.19 CATMA50A14110R1 AT5G15830 -2.00 -1.04 CATMA50A18660R1 AT5G20220 -1.57 -1.56
CATMAS50A09240R1 AT5G10510 1.78 -1.03 CATMA50D03243R1 AT5G15960 -3.51 -1.98 CATMA50A18670R1 AT5G20230 2.09 1.55
CATMAS50A09250F1 AT5G10520 2.22 -1.06 CATMA50C64254R1 AT5G15970 -1.39 -1.63 CATMA50A18710F1 AT5G20270 -1.71 -1.29
CATMAS50A09350F1 AT5G10620 -1.51 -1.27 CATMA50N99372R1 AT5G16000 -1.63 -1.13 CATMA50A18720F1 AT5G20280 1.46 1.51
CATMA40A06830R1 AT5G10625 -1.67 -1.33 CATMA50A14310R1 AT5G16030 -2.03 -1.41 CATMA50C64324R1 AT5G20400 1.80 1.25
CATMA50A09420F1 AT5G10690 -1.74 -1.53 CATMA50A14370F1 AT5G16080 1.26 -1.68 CATMA50A19250R1 AT5G20720 -1.54 -1.15
CATMA50A09500F1 AT5G10760 10.59 2.35 CATMA50C64262R1 AT5G16230 -1.02 1.50 CATMA50A19330F1 AT5G20790 -1.12 -1.50
CATMA50A09510F1 AT5G10770 1.50 1.16 CATMA50C64267R1 AT5G16350 -1.63 -2.09 CATMA50C64335R1 AT5G20810 1.66 1.06
CATMAS50A09830F1 AT5G11070 -1.55 -1.22 CATMA50A14680F1 AT5G16360 1.93 1.55 CATMA50A19350F1 AT5G20820 1.68 -1.14
CATMAS50A09920R1 AT5G11160 -1.59 -1.26 CATMA50A14706F1 AT5G16400 -1.65 -1.18 CATMA50A19710R1 AT5G21170 -1.53 1.16
CATMAS50A09970F1 AT5G11210 2.43 1.89 CATMA50A14780F1 AT5G16480 -1.54 -1.11 CATMA50C64341R1 AT5G21222 -1.59 -1.21
CATMA50A10010F1 AT5G11250 1.51 -1.13 CATMA50A14865R1 AT5G16540 -1.88 -1.38 CATMA50C64345R1 AT5G21430 -2.23 -1.26
CATMA50A10030F1 AT5G11270 -1.70 -1.07 CATMA50C64270F1 AT5G16570 3.80 1.72 CATMAS50C64346R1 AT5G21482 -1.73 -1.04
CATMA50A10220R1 AT5G11450 -1.83 -1.23 CATMA50A14910R1 AT5G16590 -1.56 -1.43 CATMA50C64349F1 AT5G21920 -1.80 -1.34
CATMA50A10285F1 AT5G11520 1.58 1.37 CATMA50A14940R1 AT5G16620 -1.57 -1.10 CATMA50C64352F1 AT5G21950 -1.13 1.64
CATMA50A10290R1 AT5G11530 1.52 1.22 CATMA50A15050R1 AT5G16720 -1.53 -1.12 CATMAS50C64380F1 AT5G22270 1.51 1.16
CATMA50A10300F1 AT5G11540 -1.52 -1.36 CATMA50A15100R1 AT5G16770 -1.18 1.62 CATMA50A19765R1 AT5G22300 2.45 2.14
CATMA50A10380F1 AT5G11610 2.04 1.11 CATMA50A15120F1 AT5G16790 -1.29 -1.60 CATMA50N99435R1 AT5G22340 -2.08 -1.35
CATMA50A10420R1 AT5G11650 1.69 1.16 CATMA50N99384F1 AT5G16960 1.67 1.00 CATMA50A19865R1 AT5G22410 1.57 -1.00
CATMA50A10440R1 AT5G11670 1.90 1.31 CATMAS50F01871F1 AT5G16970 1.89 -1.15 CATMA50A19910F1 AT5G22450 1.52 1.28
CATMA50A10580R1 AT5G11790 -1.63 -1.26 CATMA50N91877F1 AT5G16980 1.70 -1.10 CATMA50A19920F1 AT5G22460 1.82 1.02
CATMA50A10710R1 AT5G11920 2.87 1.20 CATMA50N91465F1 AT5G17165 2.07 2.10 CATMA50A19980R1 AT5G22520 1.90 2.45
CATMA50A10820F1 AT5G12010 1.66 1.25 CATMA50A15460R1 AT5G17170 -1.78 413 CATMA50A19990R1 AT5G22530 211 1.32
CATMA50C64181R1 AT5G12110 -3.01 -1.52 CATMA50A15500R1 AT5G17220 4.00 -1.70 CATMA50A20000F1 AT5G22540 1.36 1.51
CATMAS50C64192F1 AT5G12330 2.99 -1.05 CATMA50A15570F1 AT5G17300 -2.72 -3.17 CATMA50C64387R1 AT5G22555 1.60 1.02
CATMA50C64193F1 AT5G12340 2.11 -1.21 CATMA50A15580F1 AT5G17310 -1.70 -1.22 CATMA50A20040F1 AT5G22570 1.97 1.50
CATMA50A11090F1 AT5G12860 -1.78 -1.08 CATMA50A15595R1 AT5G17330 1.86 1.20 CATMA50A20090F1 AT5G22620 -1.61 -1.16
CATMA50A11110F1 AT5G12880 2.03 1.12 CATMA50A15640F1 AT5G17380 1.59 1.12 CATMA50A20100R1 AT5G22630 1.56 1.18
CATMA50A11120F1 AT5G12890 1.87 -1.09 CATMA50A15720R1 AT5G17450 -1.19 -1.78 CATMA50A20160R1 AT5G22690 1.79 1.10
CATMAS50C64208R1 AT5G12950 -1.57 -1.02 CATMA50A15890F1 AT5G17600 -1.95 -1.42 CATMA50A20380F1 AT5G22890 6.97 243



Table 22: Continued

Ratio Ratio Ratio
D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe
CATMA50A20550F1 AT5G23060 -1.75 -1.31 CATMA50A25670F1 AT5G28080 4.45 1.93 CATMA50A35090F1 AT5G39520 1.66 1.85
CATMA50A20605R1 AT5G23120 -1.97 -1.42 CATMA50A26370R1 AT5G28500 -1.57 -1.15 CATMA50A35100F1 AT5G39530 -1.79 -1.30
CATMA50A20670F1 AT5G23190 -1.59 1.86 CATMAS50F03288F1 AT5G28540 1.74 1.09 CATMAS50A35160F1 AT5G39580 10.43 -1.26
CATMA50N91914F1 AT5G23240 5.45 291 CATMA50A26670R1 AT5G28646 2.22 1.22 CATMAS50A35200F1 AT5G39610 532 1.29
CATMA50C64403R1 AT5G23510 1.86 1.10 CATMA50A26680F1 AT5G28650 1.55 -1.13 CATMA50MO00341F1 AT5G39635 1.18 2.74
CATMA50A21090R1 AT5G23575 1.38 1.79 CATMA50C64509R1 AT5G28660 -1.72 -1.19 CATMA50A35240R1 AT5G39670 5.51 1.93
CATMA50A21220R1 AT5G23730 -1.61 -1.42 CATMA50C64513F1 AT5G28750 -1.79 -1.22 CATMA50A35520R1 AT5G39860 -3.31 -1.84
CATMA50A21230F1 AT5G23750 -1.71 -1.13 CATMA50A26910R1 AT5G28830 1.70 1.14 CATMA50A35660F1 AT5G40000 4.23 1.18
CATMA50F01905R1 AT5G23820 -1.38 -1.69 CATMA50N91987F1 AT5G28996 1.54 -1.20 CATMA50A35680F1 AT5G40010 3.24 2.11
CATMA50N99455R1 AT5G23840 -2.35 -1.16 CATMA50A28910R1 AT5G33290 1.88 1.37 CATMAS50A35770R1 AT5G40100 1.64 1.21
CATMA50A21420F1 AT5G23940 -1.30 -1.89 CATMA50N91631R1 AT5G33355 -1.63 1.24 CATMAS50A35815F1 AT5G40160 -1.84 -1.09
CATMA50A21530F1 AT5G24000 -1.65 -1.23 CATMA50A29040F1 AT5G33370 -1.38 -3.62 CATMAS50A35820F1 AT5G40170 1.87 1.07
CATMA50A21550F1 AT5G24030 1.63 1.37 CATMA50A30210F1 AT5G35100 -1.63 -1.02 CATMA50C64650F1 AT5G40240 1.87 1.15
CATMA50A21560F1 AT5G24040 1.92 1.48 CATMAS50F02011F1 AT5G35120 -1.72 1.07 CATMA50A36010F1 AT5G40340 1.27 1.60
CATMA50A21600F1 AT5G24070 -2.47 1.30 CATMA50A30360F1 AT5G35220 -1.53 -1.24 CATMA50A36060R1 AT5G40390 -1.64 -1.57
CATMA50A21620F1 AT5G24090 1.66 1.18 CATMA50A30480F1 AT5G35370 1.67 1.19 CATMA50A36085F1 AT5G40420 -5.87 -6.21
CATMA50A21630R1 AT5G24100 -1.79 -1.27 CATMAS50C64549F1 AT5G35480 -1.89 2.07 CATMAS50A36160R1 AT5G40510 1.70 1.71
CATMA50A21640R1 AT5G24105 -2.48 -1.47 CATMA50C64550R1 AT5G35490 -1.66 1.28 CATMAS50A36240F1 AT5G40590 3.13 2.40
CATMA50A21650F1 AT5G24110 2.42 1.43 CATMA50C64551R1 AT5G35525 3.93 1.75 CATMA50A36400R1 AT5G40690 1.03 1.62
CATMA50A21665F1 AT5G24120 -1.59 -1.28 CATMA50A30810R1 AT5G35580 1.91 1.72 CATMA50A36420R1 AT5G40720 2.34 1.50
CATMA50A21675F1 AT5G24140 -1.65 -2.17 CATMAS50A30906R1 AT5G35630 -1.99 -1.24 CATMA50A36458R1 AT5G40780 2.48 1.37
CATMA50A21705F1 AT5G24160 2.02 1.36 CATMA50N99614F1 AT5G35660 -1.07 -1.60 CATMA50A36535F1 AT5G40890 -1.90 -1.15
CATMA50N99466R1 AT5G24200 1.28 1.71 CATMA50A31080F1 AT5G35735 2.85 1.50 CATMAS50A36560R1 AT5G40910 1.61 1.07
CATMA50A21760R1 AT5G24210 2.71 1.76 CATMAS50A31420R1 AT5G35940 -1.62 -1.79 CATMAS50A36620R1 AT5G40950 -1.73 -1.15
CATMA50A21800F1 AT5G24240 1.72 1.11 CATMA50N93964R1 AT5G35950 -1.65 -1.64 CATMA50N91783R1 AT5G40990 11.22 2.42
CATMA50N93910F1 AT5G24270 2.45 1.16 CATMA50N93965R1 AT5G36000 1.06 1.79 CATMA50A36760R1 AT5G41100 1.67 1.32
CATMA50A22020F1 AT5G24410 -2.28 -1.13 CATMA50N93966R1 AT5G36110 -1.58 -1.86 CATMA50A36800R1 AT5G41140 -1.65 -1.01
CATMA50A22030F1 AT5G24420 -3.94 -2.21 CATMA50A31590F1 AT5G36120 -1.86 1.03 CATMA50C64677R1 AT5G41300 -1.62 -1.47
CATMA50A22070F1 AT5G24470 1.85 2.03 CATMA50C64564F1 AT5G36130 -2.09 -4.10 CATMA50A37060F1 AT5G41460 1.03 -1.51
CATMA50A22130R1 AT5G24530 1.62 1.45 CATMAS50F03312F1 AT5G36140 -1.62 -1.93 CATMA50A37190F1 AT5G41590 -1.56 1.00
CATMA50N91688R1 AT5G24640 1.34 1.72 CATMA50D03313F1 AT5G36150 1.60 -1.13 CATMA50A37210F1 AT5G41610 2.93 1.07
CATMAS50A22560F1 AT5G24870 1.63 1.61 CATMA50A31740F1 AT5G36220 2.51 -1.13 CATMA50N91692R1 AT5G41740 1.83 -1.08
CATMA50A22640R1 AT5G24920 -1.43 1.94 CATMA50A32135F1 AT5G36910 -3.22 -2.72 CATMAS50F02124R1 AT5G41750 2.92 1.10
CATMA50A22820F1 AT5G25110 1.65 1.08 CATMA50D03321F1 AT5G36920 1.12 -2.08 CATMA50A37430R1 AT5G41761 1.64 1.65
CATMA50F01915R1 AT5G25130 -1.54 -1.15 CATMA50C64570F1 AT5G36925 1.94 -1.19 CATMA50A37480R1 AT5G41790 1.31 1.53
CATMA50A22900F1 AT5G25190 1.54 -1.38 CATMA50A32770F1 AT5G37450 -1.01 1.57 CATMA50A37490R1 AT5G41800 1.54 1.14
CATMA50A22930R1 AT5G25210 2.50 1.63 CATMA50A32890F1 AT5G37550 -2.33 -1.10 CATMA50A37620R1 AT5G41900 -1.32 -1.87
CATMAS50A22950F1 AT5G25240 1.79 1.31 CATMAS50A32930F1 AT5G37600 1.80 1.35 CATMAS50A37730R1 AT5G42010 241 1.00
CATMAS50A22960R1 AT5G25250 3.69 1.57 CATMAS50A33040F1 AT5G37690 -1.74 1.35 CATMAS50A37770R1 AT5G42050 2.60 1.30
CATMAS50C64429F1 AT5G25350 1.51 1.30 CATMAS50A33080R1 AT5G37740 2.96 1.52 CATMAS50A37790F1 AT5G42070 -2.19 -1.34
CATMA50C64434F1 AT5G25440 2.45 -1.16 CATMA50C64588R1 AT5G37750 1.62 1.10 CATMA50D05179R1 AT5G42146 -1.75 -1.26
CATMA50A23200R1 AT5G25450 2.24 1.16 CATMA50A33200F1 AT5G37840 1.63 1.16 CATMA50A37886R1 AT5G42180 -1.78 -1.17
CATMA50A23230F1 AT5G25470 2.19 -1.05 CATMA50N91547R1 AT5G37940 1.67 -2.59 CATMA50A37910R1 AT5G42210 -1.29 1.96
CATMA50A23380F1 AT5G25610 1.21 -1.51 CATMA50N91916R1 AT5G37950 -1.86 -1.52 CATMA50A37990R1 AT5G42270 -1.86 -1.29
CATMAS50A23390F1 AT5G25620 -1.75 -1.06 CATMAS50F02072F1 AT5G37970 -2.91 -2.66 CATMAS50C64712F1 AT5G42530 1.57 1.55
CATMA50N93922F1 AT5G25640 1.64 1.13 CATMA50N92005F1 AT5G37990 -3.77 -3.46 CATMA50N94020F1 AT5G42580 -2.49 -3.43
CATMA50N91867F1 AT5G25770 1.95 1.48 CATMA50N91628R1 AT5G38000 1.53 -3.29 CATMAS50A38360F1 AT5G42590 -2.35 -2.15
CATMA50A23485F1 AT5G25810 -6.12 -1.27 CATMA50C64594R1 AT5G38010 -1.73 -1.50 CATMA50A38390R1 AT5G42600 -1.58 -2.56
CATMA50A23490F1 AT5G25820 1.73 1.27 CATMA50C64595F1 AT5G38020 -1.25 -5.96 CATMA50A38400R1 AT5G42610 -2.04 -1.10
CATMA50A23500F1 AT5G25830 -1.19 -1.63 CATMA50F02076R1 AT5G38040 -1.67 -1.49 CATMA50A38470R1 AT5G42680 1.25 -1.73
CATMA50N93923R1 AT5G25910 1.64 1.16 CATMA50A33640R1 AT5G38200 2.05 1.01 CATMA50A38480F1 AT5G42690 -1.57 1.03
CATMAS50A23590R1 AT5G25930 3.40 1.44 CATMAS50A33660R1 AT5G38210 1.83 1.13 CATMAS50A38550R1 AT5G42760 -1.82 -2.39
CATMA50A23675R1 AT5G26030 1.80 1.25 CATMAS50A33715F1 AT5G38280 1.86 1.57 CATMAS50A38570F1 AT5G42765 -1.51 -1.01
CATMA50N93926F1 AT5G26040 1.52 1.52 CATMAS50A33780R1 AT5G38340 2.08 -1.11 CATMAS50A38610F1 AT5G42800 534 -2.32
CATMA50N93927R1 AT5G26080 1.05 1.54 CATMA50A33800R1 AT5G38350 1.72 1.21 CATMA50A38640R1 AT5G42830 3.31 1.18
CATMA50A23790F1 AT5G26120 1.04 -1.71 CATMA50A33960F1 AT5G38410 -1.62 -1.07 CATMA50A38680F 1 AT5G42870 1.61 1.22
CATMA50A23850F1 AT5G26170 2.23 1.83 CATMA50C64608F1 AT5G38430 -1.75 -1.09 CATMA50A38710F1 AT5G42900 3.07 2.44
CATMA50C64453R1 AT5G26200 -2.57 -1.59 CATMA50A33990F1 AT5G38450 -1.67 -1.51 CATMA50A39070F1 AT5G43180 -2.51 -1.05
CATMAS50A23890F1 AT5G26220 1.39 -1.64 CATMAS50A34040F1 AT5G38510 -1.73 -1.15 CATMAS50A39150F1 AT5G43290 -2.17 -2.29
CATMAS50A23940R1 AT5G26270 -1.59 1.18 CATMAS50A34050R1 AT5G38520 -1.84 -1.49 CATMAS50A39207F1 AT5G43380 1.63 -1.84
CATMAS50F01923R1 AT5G26280 1.95 -1.33 CATMA50N93988F1 AT5G38540 2.21 1.08 CATMAS50A39280R1 AT5G43420 1.55 1.04
CATMA50N91982R1 AT5G26286 1.51 -1.33 CATMAS50F02084F1 AT5G38550 2.83 1.85 CATMA50A39310F1 AT5G43450 1.60 1.40
CATMA50N99490R1 AT5G26290 1.93 -1.03 CATMA50A34210F1 AT5G38660 -1.58 -1.19 CATMA50C64729F1 AT5G43520 -1.87 -1.07
CATMA50A24040F1 AT5G26340 3.43 1.78 CATMA50A34340R1 AT5G38750 1.08 1.53 CATMA50C64731R1 AT5G43570 2.93 -1.05
CATMAS50A24060R1 AT5G26570 1.75 1.25 CATMA50C64616R1 AT5G38780 2.10 1.10 CATMAS50A39400F1 AT5G43580 2.36 1.08
CATMA50A24115F1 AT5G26660 -1.73 -1.02 CATMAS50A34420R1 AT5G38820 16.88 4.07 CATMAS50F03347R1 AT5G43620 1.62 1.04
CATMA50A24103R1 AT5G26690 1.50 1.90 CATMAS50A34450R1 AT5G38850 1.61 -1.09 CATMAS50A39450R1 AT5G43630 -1.60 -1.24
CATMA50A24083R1 AT5G26730 -2.11 -1.03 CATMAS50A34500F1 AT5G38900 8.01 1.51 CATMAS50A39600F1 AT5G43750 -2.13 -1.42
CATMA50A24070F1 AT5G26742 -1.65 -1.08 CATMA50F02087R1 AT5G38930 -1.06 -2.55 CATMA50A39635F1 AT5G43780 -1.05 1.76
CATMA50A24340R1 AT5G26920 4.60 1.49 CATMA50N91973R1 AT5G38940 -1.20 -3.17 CATMA50A39767F1 AT5G43980 2.58 -1.06
CATMA50A24395R1 AT5G27000 -1.05 1.58 CATMA50A34630R1 AT5G39020 1.82 -1.01 CATMA50A39790R1 AT5G44020 -1.86 -1.38
CATMA50N91447F1 AT5G27060 1.35 1.77 CATMAS50A34660R1 AT5G39050 3.07 1.81 CATMAS50A39800R1 AT5G44030 -1.58 1.06
CATMAS50C64479F1 AT5G27290 -2.35 -1.54 CATMA50N92031F1 AT5G39100 4.68 1.22 CATMAS50A39820R1 AT5G44050 -2.11 -1.53
CATMAS50A24800F1 AT5G27390 -1.67 -1.32 CATMA50N91546F1 AT5G39110 2.80 -1.02 CATMAS50A39835R1 AT5G44070 1.73 1.28
CATMA50N99501R1 AT5G27410 1.78 -1.19 CATMA50N91490F1 AT5G39120 26.55 1.98 CATMAS50A39870F1 AT5G44120 -11.39 -12.92
CATMA50A24850R1 AT5G27420 3.04 1.49 CATMA50NS91726F1 AT5G39130 9.50 1.27 CATMA50A39880R1 AT5G44130 -1.92 -1.44
CATMA50A24910F1 AT5G27520 1.51 1.10 CATMA50N91740F1 AT5G39160 18.73 1.32 CATMA50A39940R1 AT5G44190 -2.70 -1.79
CATMA50A24950R1 AT5G27560 -1.58 -1.25 CATMAS50F02096F1 AT5G39180 30.91 1.87 CATMA50A40010F1 AT5G44260 1.15 1.79
CATMAS50A24980R1 AT5G27600 1.77 1.18 CATMAS50A34805F1 AT5G39190 12.03 1.05 CATMAS50A40050F1 AT5G44310 -2.09 -1.63
CATMA50N93941F1 AT5G27780 -1.45 -2.08 CATMAS50A34820R1 AT5G39210 -1.57 -1.16 CATMAS50F03349R1 AT5G44316 1.04 2.49
CATMAS50A25440F1 AT5G27920 2.58 1.28 CATMAS50A35030R1 AT5G39450 1.69 1.39 CATMA50A40160F1 AT5G44390 -1.48 -1.50




Table 22: Continued

Ratio Ratio Ratio
D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe
CATMA50A40170F1 AT5G44400 2.68 -1.30 CATMA50F02191R1 AT5G48400 3.15 1.21 CATMA50A49970F1 AT5G54060 1.48 -2.67
CATMAS50F02158F1 AT5G44420 -1.08 1.64 CATMA50A44380R1 AT5G48410 3.33 1.19 CATMA50A50230R1 AT5G54370 -2.05 1.08
CATMA50A40310F1 AT5G44520 -1.74 -1.01 CATMA50A44410F1 AT5G48430 -3.47 -1.34 CATMA50A50250R1 AT5G54400 3.17 -1.26
CATMAS50A40320R1 AT5G44530 -2.38 -1.21 CATMA50A44435F1 AT5G48460 -1.75 -1.44 CATMAS50A50320F1 AT5G54470 -3.60 -2.36
CATMA50C64755R1 AT5G44565 1.85 1.30 CATMA50A44450R1 AT5G48480 -1.58 -1.26 CATMAS50A50340R1 AT5G54490 2.82 1.44
CATMA50N91815R1 AT5G44574 -1.94 -1.43 CATMA50A44460F1 AT5G48485 -1.54 -1.42 CATMA50A50440R1 AT5G54585 -1.61 -1.09
CATMA50A40400R1 AT5G44585 -1.98 1.26 CATMA50A44470F1 AT5G48490 -1.53 -1.71 CATMA50A50455R1 AT5G54600 -1.65 -1.26
CATMA50A40480R1 AT5G44650 -1.58 -1.08 CATMA50A44616F1 AT5G48630 -1.68 -1.12 CATMA50A50460F1 AT5G54610 1.10 2.51
CATMA50A40660F1 AT5G44820 1.79 1.34 CATMA50A44660F1 AT5G48657 4.52 1.61 CATMA50C64944F1 AT5G54650 1.61 1.22
CATMA50N94033R1 AT5G44910 -1.55 -1.12 CATMAS50A44680F1 AT5G48670 1.86 1.16 CATMAS50A50500R1 AT5G54660 1.69 1.10
CATMA50N91531R1 AT5G44920 2.00 1.28 CATMAS50A44730F1 AT5G48790 -2.00 -1.23 CATMAS50A50505R1 AT5G54670 1.50 1.42
CATMA50C64763R1 AT5G44990 2.43 1.14 CATMAS50A44770F1 AT5G48850 -1.57 1.23 CATMA50N99835F1 AT5G54700 -1.65 1.40
CATMA50A40840R1 AT5G45000 1.94 1.30 CATMA50A44830R1 AT5G48920 -1.81 1.06 CATMA50A50550F1 AT5G54710 2.09 1.03
CATMA50N91594F1 AT5G45040 -1.60 -1.21 CATMA50A45100F1 AT5G49170 -1.25 -1.60 CATMA50C64947F1 AT5G54720 1.71 1.12
CATMA50A40910F1 AT5G45070 13.02 2.36 CATMA50A45350F1 AT5G49360 -1.87 1.38 CATMA50A50560F 1 AT5G54730 1.61 1.59
CATMA50A40920F1 AT5G45080 18.83 4.79 CATMA50N99780R1 AT5G49520 5.13 -1.11 CATMA50C64949F1 AT5G54740 -14.88 -5.04
CATMAS50A40930F1 AT5G45090 2.05 1.51 CATMAS50A45620F1 AT5G49620 7.80 1.32 CATMAS50A50645F1 AT5G54840 1.50 1.31
CATMAS50A40940R1 AT5G45095 2.11 1.11 CATMAS50A45625F1 AT5G49630 2.39 1.30 CATMAS50A50670R1 AT5G54860 2.04 1.34
CATMAS50A40960F1 AT5G45105 18.50 6.29 CATMAS50A45650F1 AT5G49665 3.28 1.08 CATMAS50A50760F1 AT5G54960 217 1.62
CATMA50A40970R1 AT5G45110 2.52 1.39 CATMA50A45660F1 AT5G49730 -1.54 1.37 CATMA50A50780R1 AT5G54980 -1.55 -1.35
CATMA50A41290F1 AT5G45340 -2.02 -2.05 CATMA50C64851F1 AT5G49740 -1.65 -1.14 CATMA50A50980R1 AT5G55220 -1.66 -1.54
CATMA50A41350F1 AT5G45410 1.60 1.71 CATMA50A45710R1 AT5G49770 1.73 1.01 CATMA50A51000R1 AT5G55240 -1.95 -1.60
CATMA50C64773F1 AT5G45460 -2.00 1.39 CATMA50N94058R1 AT5G49780 2.09 1.11 CATMA50A51010F1 AT5G55250 -1.81 2.63
CATMA50A41550F1 AT5G45580 1.88 1.57 CATMAS50D03368F1 AT5G49850 3.04 -1.34 CATMA50N94093F1 AT5G55370 2.08 1.01
CATMA50A41610F1 AT5G45630 2.94 1.32 CATMAS50F03369F1 AT5G49860 2.81 -1.10 CATMA50A51090F1 AT5G55380 -1.54 -1.52
CATMA50A41630F1 AT5G45650 1.36 1.72 CATMAS50C64855F1 AT5G49890 1.53 1.30 CATMA50N99842R1 AT5G55450 2.15 1.22
CATMA50A41670R1 AT5G45680 -2.73 -1.37 CATMA50A45825R1 AT5G49910 -1.75 -1.11 CATMA50A51190R1 AT5G55460 2.46 1.68
CATMA50A41820F1 AT5G45820 -3.28 -1.10 CATMA50C64860R1 AT5G50130 1.92 1.31 CATMA50A51310F1 AT5G55560 1.59 1.09
CATMA50A41840F1 AT5G45840 1.24 1.87 CATMA50A46120R1 AT5G50160 1.66 -1.17 CATMA50A51320F1 AT5G55570 -1.98 -1.18
CATMA50N91822F1 AT5G45940 -1.58 -1.36 CATMA50C64869F1 AT5G50720 1.91 1.23 CATMA50A51340R1 AT5G55590 -1.21 1.52
CATMA50A41950R1 AT5G45950 -1.37 -1.54 CATMA50C64871R1 AT5G50760 4.36 1.65 CATMA50A51370R1 AT5G55620 -1.62 -1.19
CATMAS50C64782F1 AT5G45960 -1.72 -1.39 CATMA50A46770F1 AT5G50800 5.30 -1.40 CATMA50A51375R1 AT5G55630 -1.61 -1.15
CATMA50A42040F1 AT5G46050 3.76 1.84 CATMA50C64875R1 AT5G50950 -2.26 1.57 CATMA50A51460R1 AT5G55720 -1.13 -1.64
CATMA50A42060R1 AT5G46060 1.29 1.53 CATMA50C64878R1 AT5G51010 -1.57 1.92 CATMA50C64977R1 AT5G55930 1.60 -1.10
CATMA50N99745F1 AT5G46080 1.16 1.53 CATMA50C64879F1 AT5G51020 -1.81 -1.11 CATMA50N94096R1 AT5G56075 1.55 1.05
CATMA50A42090R1 AT5G46090 -2.63 3.09 CATMA50A46995R1 AT5G51070 1.56 1.40 CATMA50NS94097F1 AT5G56080 6.42 2.01
CATMA50A42105R1 AT5G46110 -1.66 -1.07 CATMA50A47040F1 AT5G51110 -2.01 -1.15 CATMA50A51860R1 AT5G56090 1.53 1.33
CATMA50A42180F1 AT5G46180 1.95 1.11 CATMA50A47090R1 AT5G51160 2.96 1.98 CATMA50A51870R1 AT5G56100 -1.88 -1.31
CATMAS50A42230R1 AT5G46220 -2.90 -1.46 CATMA50A47120F1 AT5G51190 2.49 1.68 CATMA50A51990R1 AT5G56200 1.82 1.17
CATMA50A42245F1 AT5G46240 -1.53 -1.30 CATMA50A47150R1 AT5G51210 -5.14 -2.58 CATMA50A52070R1 AT5G56270 1.71 -1.04
CATMA50C64789F1 AT5G46260 1.62 -1.40 CATMA50N99806R1 AT5G51440 1.95 1.34 CATMA50A52160F1 AT5G56350 1.51 1.11
CATMA50C64791F1 AT5G46295 1.12 -1.71 CATMA50NS94065F1 AT5G51500 -1.59 1.05 CATMA50C64987R1 AT5G56540 -1.91 -1.09
CATMA50A42380R1 AT5G46390 -1.51 -1.20 CATMA50A47440R1 AT5G51520 -1.56 1.18 CATMA50C64988F1 AT5G56550 -3.09 -1.54
CATMA50N94041R1 AT5G46440 -1.81 -1.25 CATMA50A47470R1 AT5G51545 -1.77 -1.16 CATMA50A52440R1 AT5G56630 1.73 1.01
CATMAS50F03355R1 AT5G46500 1.67 -1.09 CATMAS50C64885R1 AT5G51570 1.91 1.48 CATMA50N91461F1 AT5G56795 1.69 1.03
CATMAS50C64796R1 AT5G46520 1.76 1.13 CATMA50A47660R1 AT5G51720 -1.34 7.85 CATMAS50A52600R1 AT5G56840 1.87 1.68
CATMAS50A42580F1 AT5G46580 -1.52 -1.06 CATMA50N99813R1 AT5G51830 1.94 1.69 CATMA50A52610F1 AT5G56850 -2.16 -1.55
CATMA50A42590R1 AT5G46590 3.50 1.54 CATMA50A47850F1 AT5G51920 1.63 -1.05 CATMA50A52620F1 AT5G56860 -2.29 -1.02
CATMA50A42790R1 AT5G46780 1.67 1.18 CATMA50A48040R1 AT5G52100 -1.92 -1.36 CATMA50N99859R1 AT5G56870 -1.63 1.29
CATMA50A42800F1 AT5G46790 -1.61 1.00 CATMA50A48050F1 AT5G52110 -2.35 -1.24 CATMA50A52710F1 AT5G56960 1.39 1.51
CATMAS50F03357R1 AT5G46871 -1.26 1.94 CATMA50C64896F1 AT5G52320 1.67 1.00 CATMA50A52730F1 AT5G56980 -1.51 -1.11
CATMA50N91673F1 AT5G46890 -1.96 -1.08 CATMAS50A48280F1 AT5G52390 7.06 1.25 CATMAS50A52760R1 AT5G57010 1.61 1.79
CATMA50N91627F1 AT5G46900 -2.10 -1.12 CATMA50A48310R1 AT5G52420 -1.61 -1.27 CATMAS50C64995R1 AT5G57035 1.58 1.42
CATMAS50A43060R1 AT5G47050 2.06 1.81 CATMAS50A48325R1 AT5G52440 -1.54 -1.15 CATMAS50A52800R1 AT5G57070 -1.79 1.04
CATMA50A43080F1 AT5G47070 1.65 1.22 CATMA50C64901F1 AT5G52450 1.55 1.29 CATMA50C64999F1 AT5G57123 1.13 1.60
CATMA50A43115R1 AT5G47120 1.84 1.52 CATMA50A48460F1 AT5G52570 -1.78 -1.30 CATMA50A52970R1 AT5G57220 5.68 2.08
CATMA50A43120R1 AT5G47130 2.74 1.97 CATMA50A48600R1 AT5G52740 3.03 1.45 CATMA50A53080R1 AT5G57340 1.68 1.29
CATMA50A43180F1 AT5G47190 -2.02 -1.39 CATMA50D03382R1 AT5G52750 5.26 1.64 CATMA50A53090F1 AT5G57345 -1.54 1.45
CATMAS50A43205F1 AT5G47220 2.20 1.29 CATMA50C64907R1 AT5G52760 5.02 1.76 CATMAS50A53230F1 AT5G57510 2.57 1.85
CATMAS50A43215R1 AT5G47230 1.50 1.23 CATMAS50A48650F1 AT5G52790 -1.59 -1.45 CATMAS50C65004F1 AT5G57530 1.55 1.01
CATMAS50A43220R1 AT5G47240 1.29 1.64 CATMAS50A48800R1 AT5G52920 -1.51 -1.06 CATMA50N94105F1 AT5G57540 1.79 1.09
CATMAS50F03360R1 AT5G47330 2.11 -1.14 CATMA50A48840R1 AT5G52960 -2.05 -1.18 CATMA50A53260F1 AT5G57550 1.01 1.74
CATMA50A43410F1 AT5G47450 -4.10 -2.11 CATMA50A48860R1 AT5G52970 -2.28 -1.47 CATMA50C65008F1 AT5G57580 1.51 1.20
CATMA50A43550F1 AT5G47580 1.77 1.34 CATMA50A49130F1 AT5G53210 -1.58 -1.37 CATMA50A53325R1 AT5G57620 1.47 1.51
CATMAS50A43560F1 AT5G47590 -1.09 -1.87 CATMA50A49170R1 AT5G53250 -2.12 -1.20 CATMAS50A53400F1 AT5G57685 -1.55 1.06
CATMA50A43780R1 AT5G47800 -1.39 -1.54 CATMAS50A49200R1 AT5G53280 -1.67 -1.14 CATMAS50A53440R1 AT5G57710 1.69 1.00
CATMA50N92007R1 AT5G47900 -1.62 -1.23 CATMA50A49230F1 AT5G53320 1.66 1.18 CATMAS50A53480R1 AT5G57760 -1.72 -1.74
CATMAS50A43885R1 AT5G47910 1.95 1.37 CATMA50N99820R1 AT5G53420 1.85 -1.31 CATMAS50A53490F1 AT5G57770 -2.42 -1.31
CATMA50A43890F1 AT5G47920 1.87 -1.08 CATMA50A49340R1 AT5G53450 -1.18 -4.28 CATMA50A53500F1 AT5G57780 -1.54 -1.51
CATMA50A43920F1 AT5G47950 -1.47 -1.52 CATMA50A49380R1 AT5G53486 -2.20 -2.96 CATMA50A53510F1 AT5G57785 -1.36 -1.74
CATMA50A43930F1 AT5G47960 2.00 1.19 CATMA50A49390F1 AT5G53490 -1.98 -1.13 CATMA50C65014R1 AT5G57887 1.63 1.10
CATMA50A43950R1 AT5G47980 1.14 -3.20 CATMAS50A49450R1 AT5G53550 1.91 1.66 CATMAS50C65015F1 AT5G57890 -1.53 -1.21
CATMA50A43960R1 AT5G47990 -1.12 -3.49 CATMAS50A49470F1 AT5G53580 -1.63 -1.20 CATMAS50A53660F1 AT5G57900 1.82 1.27
CATMAS50A43970F1 AT5G48000 1.09 -6.55 CATMA50N99826R1 AT5G53820 3.60 1.33 CATMAS50A53780F1 AT5G58010 -1.30 1.68
CATMA50C64823R1 AT5G48010 1.17 -3.96 CATMAS50A49720R1 AT5G53830 1.96 1.00 CATMA50A54010R1 AT5G58250 -1.57 -1.33
CATMA50A44050R1 AT5G48070 1.74 1.16 CATMA50A49750R1 AT5G53860 -1.59 -1.31 CATMA50C65022F1 AT5G58310 -1.55 1.08
CATMA50C64825R1 AT5G48175 2.60 1.14 CATMA50A49890R1 AT5G53980 1.58 -1.95 CATMA50A54100R1 AT5G58350 2.28 1.30
CATMA50N99764F1 AT5G48180 1.75 1.17 CATMA50A49900F1 AT5G53990 3.68 1.24 CATMA50A54150F1 AT5G58390 1.54 -1.50
CATMA50A44190R1 AT5G48220 -1.90 1.03 CATMA50N94084F1 AT5G54000 1.64 1.32 CATMAS50A54240F1 AT5G58480 -1.51 -1.15
CATMAS50A44220F1 AT5G48250 1.53 1.80 CATMAS50A49930F1 AT5G54020 -1.26 -1.13 CATMAS50A54300R1 AT5G58540 1.43 1.67
CATMAS50A44340F1 AT5G48380 211 1.34 CATMAS50C64927F1 AT5G54040 -1.89 -1.25 CATMAS50A54370R1 AT5G58620 2.74 1.39




Table 22: Continued

Ratio Ratio Ratio

D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe D CATMAv6 AGI +Fe -Fe
CATMA50A54410R1 AT5G58660 1.52 1.34 CATMA50A58760F1 AT5G63160 -4.58 -1.75 CATMA50A62660R1 AT5G67210 -2.00 -1.21
CATMA50D03392F1 AT5G58780 -1.31 -1.60 CATMA50A58885F 1 AT5G63310 -2.02 -1.37 CATMA50A62750F1 AT5G67280 -1.08 -1.51
CATMA50A54530R1 AT5G58787 1.53 1.36 CATMA50N99931F1 AT5G63600 2.09 1.34 CATMA50A62765R1 AT5G67300 1.56 1.07
CATMAS50A54840F1 AT5G59090 -1.58 -1.10 CATMAS50A59230R1 AT5G63680 1.54 1.01 CATMAS50A62770F1 AT5G67310 1.56 1.09
CATMAS50C65035F1 AT5G59310 5.01 1.02 CATMA50N91606F1 AT5G63970 -1.17 1.61 CATMAS50A62785R1 AT5G67330 1.08 -2.01
CATMAS50C65036R1 AT5G59320 2.34 -2.47 CATMA50A59490R1 AT5G63990 1.71 1.33 CATMA50A62790R1 AT5G67340 2.04 1.31
CATMAS50C65037R1 AT5G59330 1.60 -2.83 CATMA50N91788R1 AT5G64000 2.30 1.47 CATMA50A62820F1 AT5G67370 -1.54 -2.88
CATMA50N94115R1 AT5G59390 1.61 1.08 CATMA50A59535F1 AT5G64040 -1.68 1.18 CATMA50A62830R1 AT5G67385 -1.72 -1.47
CATMA50A55140R1 AT5G59400 -1.37 2.74 CATMA50A59550F 1 AT5G64060 1.88 1.08 CATMA50A62840F1 AT5G67390 -1.56 1.05
CATMAS50A55260F1 AT5G59520 -7.81 -1.22 CATMAS50A59575F1 AT5G64100 1.96 1.24 CATMA50A62845R1 AT5G67400 1.76 1.53
CATMAS50A55270F1 AT5G59530 1.70 1.47 CATMAS50A59580F1 AT5G64110 7.74 -3.77 CATMAS50A62930F1 AT5G67480 2.20 1.54
CATMA50A55540R1 AT5G59750 -2.40 -1.36 CATMAS50A59590F1 AT5G64120 3.09 -1.19 CATMACON93535F1 ATCG00020 -1.63 1.00
CATMA50AS55595R1 AT5G59820 2.63 1.16 CATMA50C65119F1 AT5G64250 1.95 1.24 CATMACONS93548F1 ATCGO00050 -1.80 1.13
CATMA50A55740F1 AT5G59990 -1.03 -1.54 CATMA50A59720R1 AT5G64260 1.67 1.28 CATMACONS93779R1 ATCG00100 -1.81 1.26
CATMA50N99018R1 AT5G60020 -1.77 -1.04 CATMA50N99934F1 AT5G64290 -1.51 1.00 CATMACONS8333R1 ATCG00110 -1.53 1.22
CATMA50AS55850F1 AT5G60100 1.79 1.63 CATMA50A59800R1 AT5G64370 1.52 1.17 CATMACONS93575F1 ATCG00120 -1.76 1.39
CATMA50A56010R1 AT5G60250 3.36 -1.11 CATMAS50A59840F1 AT5G64410 1.58 1.30 CATMACON93600F1 ATCG00130 -1.69 1.29
CATMA50N94122R1 AT5G60310 1.53 1.14 CATMAS50A59860F1 AT5G64430 1.67 1.21 CATMACON93587F1 ATCG00140 -1.37 1.72
CATMAS50A56200F1 AT5G60490 -1.82 -1.09 CATMAS50A59890F1 AT5G64460 -1.62 -1.19 CATMACON93599F1 ATCG00150 -1.59 1.34
CATMA50A56240F1 AT5G60530 -1.97 1.36 CATMA50A59910R1 AT5G64480 -1.61 -1.06 CATMACONS93559F1 ATCG00160 -1.75 1.19
CATMA50A56390F1 AT5G60660 -4.38 -2.04 CATMA50A59940R1 AT5G64510 2.04 -1.00 CATMACONS93572F1 ATCG00170 -1.70 1.22
CATMA50A56493R1 AT5G60770 2.18 1.24 CATMA50A60090F 1 AT5G64660 1.96 1.23 CATMACONS93530F1 ATCG00180 -2.16 -1.02
CATMA50A56496R1 AT5G60780 -1.83 1.22 CATMA50A60150F1 AT5G64700 -2.02 1.14 CATMACONO98334R1 ATCG00200 -1.89 1.40
CATMAS50A56510F1 AT5G60800 1.81 1.89 CATMA50A60235R1 AT5G64810 3.82 2.23 CATMACON93808R1 ATCG00270 -1.53 1.78
CATMA50A56545R1 AT5G60850 -1.69 -1.22 CATMAS50A60340R1 AT5G64905 2.08 1.04 CATMACON98338R1 ATCG00290 -1.63 1.66
CATMA50C65062R1 AT5G60860 -1.61 -1.18 CATMA50A60370R1 AT5G64940 -2.48 -1.09 CATMACON93565R1 ATCG00300 -1.60 1.49
CATMA50A56580R1 AT5G60890 -2.62 -1.35 CATMA50A60423R1 AT5G65010 -1.95 -1.55 CATMACONS8339R1 ATCG00310 -1.57 1.09
CATMA50A56650R1 AT5G61010 1.82 1.32 CATMA50A60485F1 AT5G65110 1.53 1.49 CATMACONS93555F1 ATCG00350 -1.51 1.10
CATMA50A56810R1 AT5G61160 3.09 4.01 CATMA50A60510F1 AT5G65140 1.97 1.00 CATMACONS93581F1 ATCG00360 -1.91 1.42
CATMA50A56865R1 AT5G61210 1.57 1.24 CATMA50A60560R1 AT5G65170 1.71 1.03 CATMACONS98341R1 ATCG00370 -1.57 1.32
CATMAS50A56900F1 AT5G61250 1.23 1.69 CATMA50A60610R1 AT5G65220 -1.67 -1.24 CATMACON93563F1 ATCG00380 -2.06 -1.13
CATMAS50A56910R1 AT5G61260 1.85 1.50 CATMA50A60620R1 AT5G65230 -1.67 -1.03 CATMACON98343R1 ATCG00410 -1.52 1.28
CATMA50N91968R1 AT5G61290 1.63 -1.81 CATMA50C65133F1 AT5G65300 1.81 1.48 CATMACON93532F1 ATCG00420 -1.27 1.66
CATMA50A56990F 1 AT5G61340 -1.89 1.04 CATMA50A60830F1 AT5G65500 1.65 1.02 CATMACONS93556F1 ATCG00430 -1.38 1.87
CATMA50N99907R1 AT5G61380 1.73 1.61 CATMA50A60930F1 AT5G65600 2.43 1.17 CATMACONS93525R1 ATCGO00500 -1.76 1.66
CATMA50A57030F1 AT5G61390 1.59 1.29 CATMA50A61040F1 AT5G65685 -1.68 -1.24 CATMACONS93549R1 ATCG00520 -1.67 1.30
CATMA50A57040F1 AT5G61410 -1.85 1.62 CATMA50A61080R1 AT5G65730 -2.03 -2.00 CATMACONS93612R1 ATCGO00530 -1.75 1.29
CATMA50N99908F1 AT5G61420 -1.51 -1.41 CATMA50A61085R1 AT5G65750 1.62 1.14 CATMACON93597R1 ATCG00540 -1.58 1.17
CATMA50A57100R1 AT5G61490 1.31 1.54 CATMA50C65143R1 AT5G65870 2.78 -1.01 CATMACON93813R1 ATCG00590 -1.54 1.15
CATMA50A57125F1 AT5G61520 2.51 1.05 CATMA50A61200R1 AT5G65890 -1.54 -1.32 CATMACON98346F1 ATCG00620 -1.92 -1.07
CATMA50A57170R1 AT5G61570 -1.64 -1.12 CATMA50A61320R1 AT5G65980 -1.26 -1.61 CATMACONS93611R1 ATCG00630 -2.13 1.05
CATMA50A57190F1 AT5G61590 1.63 1.10 CATMA50A61350F1 AT5G66005 -1.57 -1.44 CATMACONS93539R1 ATCG00640 -2.02 1.05
CATMA50A57200F1 AT5G61600 1.67 1.34 CATMA50A61460R1 AT5G66070 1.66 1.51 CATMACONS93608R1 ATCGO00650 -2.23 -1.06
CATMAS50C65076R1 AT5G61610 1.03 1.60 CATMA50A61513R1 AT5G66130 2.04 1.09 CATMACONS93537F1 ATCG00660 -1.53 1.34
CATMA50A57250R1 AT5G61640 1.55 1.19 CATMAS50C65148F1 AT5G66190 -1.69 -1.10 CATMACON93569R1 ATCG00680 -1.57 1.56
CATMA50A57420F1 AT5G61820 1.89 1.23 CATMA50A61570F1 AT5G66210 2.12 1.13 CATMACON93816R1 ATCG00690 -1.51 1.99
CATMAS50A57480F1 AT5G61890 6.70 -1.09 CATMA50A61730F1 AT5G66400 2.29 1.14 CATMACON93551F1 ATCG00700 -1.44 1.80
CATMA50A57700R1 AT5G62100 -1.53 -1.33 CATMA50A61820F1 AT5G66470 -1.90 -1.34 CATMACONS93545R1 ATCG00710 -1.43 1.65
CATMA50A57730F1 AT5G62140 -1.66 -1.48 CATMA50A61830F1 AT5G66480 1.61 1.05 CATMACONS93592R1 ATCG00720 -1.11 1.60
CATMA50A57860R1 AT5G62260 1.56 1.13 CATMA50A61870R1 AT5G66520 -2.02 -1.42 CATMACONS93538F1 ATCG00740 -1.65 -1.15
CATMA50D03397R1 AT5G62340 -1.51 1.34 CATMA50C65153R1 AT5G66570 -1.92 -1.03 CATMACONS93604F1 ATCGO00750 -1.60 -1.17
CATMAS50A57990F1 AT5G62390 1.65 1.24 CATMA50A61990R1 AT5G66620 1.22 1.58 CATMACON93817F1 ATCG00760 -1.53 -1.20
CATMA50A58020R1 AT5G62420 -2.45 1.37 CATMAS50A62030R1 AT5G66640 1.88 1.60 CATMACON93561F1 ATCG00770 -1.65 -1.08
CATMAS50A58030F1 AT5G62430 -3.20 -2.30 CATMAS50A62040F1 AT5G66650 1.54 1.19 CATMACON93610F1 ATCG00780 -1.61 1.16
CATMA50C65085F1 AT5G62480 -1.09 1.70 CATMA50A62080F 1 AT5G66675 1.59 1.13 CATMACONS93598F1 ATCG00790 -1.67 1.35
CATMAS50C65086R1 AT5G62520 1.69 1.01 CATMA50N91949R1 AT5G66690 1.24 -1.57 CATMACONS93818F1 ATCG00800 -1.64 -1.16
CATMAS50C65087F1 AT5G62530 1.72 -1.11 CATMA50A62140R1 AT5G66740 -2.32 -1.63 CATMACONS93577F1 ATCG01010 -1.58 1.19
CATMA50A58140R1 AT5G62570 1.53 1.04 CATMA50A62155R1 AT5G66760 1.57 1.11 CATMACONS93579R1 ATCG01040 -1.90 1.03
CATMAS50A58200R1 AT5G62620 1.56 1.10 CATMA50A62180R1 AT5G66790 1.83 1.37 CATMACON93547F1 ATCG01050 -1.57 1.39
CATMAS50A58220F1 AT5G62630 1.59 1.21 CATMAS50A62190R1 AT5G66800 1.33 -1.59 CATMACON93542F1 ATCG01060 -1.56 1.37
CATMA50N92038R1 AT5G62670 -1.51 -1.24 CATMA50A62210R1 AT5G66815 -1.07 -1.53 CATMACON93584F1 ATCG01070 -1.75 1.33
CATMA50A58310R1 AT5G62720 -1.83 1.14 CATMA50A62220R1 AT5G66816 2.43 -1.37 CATMACONS93574F1 ATCG01080 -1.75 1.16
CATMA50A58380R1 AT5G62800 -1.60 -1.24 CATMA50C65156R1 AT5G66880 1.25 1.52 CATMACONS93576F1 ATCG01110 -1.68 -1.24
CATMA50A58410F1 AT5G62840 -1.91 -1.09 CATMA50A62360R1 AT5G66930 1.01 1.53 CATMACONS93594F1 ATCG01120 -1.60 1.23
CATMA50N99924F1 AT5G62920 -2.17 -1.16 CATMA50A62510R1 AT5G67060 1.52 1.93 CATMACON93567F1 ATCG01130 -2.19 1.45
CATMAS50A58590R1 AT5G63030 1.65 1.09 CATMAS50A62600F1 AT5G67150 -1.88 -1.82 CATMAMON93652F1 ATMG00280 -1.57 1.24
CATMAS50C65101F1 AT5G63060 -1.62 -1.34 CATMAS50A62650F1 AT5G67200 -1.04 -1.58 CATMAMON93695R1 ATMG01090 1.05 -1.65
CATMAS50A58680F1 AT5G63100 -2.05 -1.12




Table 23: GOs 390x vs. WT +Fe Upregulated. The differentially regulated genes and p-values (+Fe) of the gene list in Table were
used to generate a GeneOnthology enrichment using the tool Virtual Plant.

GO ID Term Observed Frequency Expected Frequency p-value
G0:0050896 response to stimulus 568 out of 1767 genes 32.10% 3689 out of 24961 genes 14.80% 4.42E-66
G0:0006950 response to stress 364 out of 1767 genes 20.60% 2104 out of 24961 genes 8.40% 7.02E-49
G0:0065007 biological regulation 361 out of 1767 genes 20.40% 3661 out of 24961 genes 14.70% 9.24E-09
G0:0042221 response to chemical stimulus 325 out of 1767 genes 18.40% 1892 out of 24961 genes 7.60% 1.76E-42
G0:0050789 regulation of biological process 320 out of 1767 genes 18.10% 3434 out of 24961 genes 13.80% 1.62E-05
G0:0050794 regulation of cellular process 300 out of 1767 genes 17.00% 3050 out of 24961 genes 12.20% 4.79E-07
G0:0010033 response to organic substance 188 out of 1767 genes 10.60% 1148 out of 24961 genes 4.60% 2.86E-21
G0:0006952 defense response 178 out of 1767 genes 10.10% 747 out of 24961 genes 3.00% 8.31E-37
G0:0031323 regulation of cellular metabolic process 175 out of 1767 genes 9.90% 1859 out of 24961 genes 7.40% 2.75E-03
G0:0009628 response to abiotic stimulus 174 out of 1767 genes 9.80% 1360 out of 24961 genes 5.40% 8.02E-11
G0:0006810 transport 167 out of 1767 genes 9.50% 1732 out of 24961 genes 6.90% 1.43E-03
G0:0051234 establishment of localization 167 out of 1767 genes 9.50% 1745 out of 24961 genes 7.00% 2.00E-03
G0:0080090 regulation of primary metabolic process 167 out of 1767 genes 9.50% 1795 out of 24961 genes 7.20% 5.43E-03
G0:0031326 regulation of cellular biosynthetic process 162 out of 1767 genes 9.20% 1710 out of 24961 genes 6.90% 3.58E-03
G0:0009889 regulation of biosynthetic process 162 out of 1767 genes 9.20% 1715 out of 24961 genes 6.90% 3.93E-03
G0:0051171 regulation of nitrogen compound metabolic process 160 out of 1767 genes 9.10% 1717 out of 24961 genes 6.90% 6.56E-03
G0:0010556 regulation of macromolecule biosynthetic process 157 out of 1767 genes 8.90% 1667 out of 24961 genes 6.70% 5.08E-03
G0:2000112 regulation of cellular macromolecule biosynthetic process 157 out of 1767 genes 8.90% 1667 out of 24961 genes 6.70% 5.08E-03
G0:0019219 regulation of nucleotide and nucleic acid metabolic process 158 out of 1767 genes 8.90% 1696 out of 24961 genes 6.80% 6.89E-03
G0:0045449 regulation of transcription 155 out of 1767 genes 8.80% 1621 out of 24961 genes 6.50% 3.36E-03
G0:0009607 response to biotic stimulus 153 out of 1767 genes 8.70% 610 out of 24961 genes 2.40% 1.27E-33
G0:0051704 multi-organism process 148 out of 1767 genes 8.40% 589 out of 24961 genes 2.40% 1.34E-32
G0:0051707 response to other organism 147 out of 1767 genes 8.30% 558 out of 24961 genes 2.20% 3.72E-34
G0:0043412 macromolecule modification 145 out of 1767 genes 8.20% 1486 out of 24961 genes 6.00% 2.48E-03
G0:0006464 protein modification process 144 out of 1767 genes 8.10% 1322 out of 24961 genes 5.30% 3.12E-05
G0:0006793 phosphorus metabolic process 134 out of 1767 genes 7.60% 1002 out of 24961 genes 4.00% 2.08E-09
G0:0006796 phosphate metabolic process 133 out of 1767 genes 7.50% 1001 out of 24961 genes 4.00% 3.51E-09
G0:0007165 signal transduction 127 out of 1767 genes 7.20% 985 out of 24961 genes 3.90% 4.08E-08
G0:0009719 response to endogenous stimulus 125 out of 1767 genes 7.10% 920 out of 24961 genes 3.70% 3.69E-09
G0:0016310 phosphorylation 122 out of 1767 genes 6.90% 923 out of 24961 genes 3.70% 2.54E-08
G0:0006468 protein phosphorylation 120 out of 1767 genes 6.80% 907 out of 24961 genes 3.60% 3.16E-08
G0:0009725 response to hormone stimulus 106 out of 1767 genes 6.00% 849 out of 24961 genes 3.40% 3.73E-06
G0:0055114 oxidation-reduction process 99 out of 1767 genes 5.60% 793 out of 24961 genes 3.20% 9.27E-06
G0:0006355 regulation of transcription, DNA-dependent 92 out of 1767 genes 5.20% 883 out of 24961 genes 3.50% 5.15E-03
G0:0051252 regulation of RNA metabolic process 92 out of 1767 genes 5.20% 892 out of 24961 genes 3.60% 6.59E-03
G0:0051716 cellular response to stimulus 88 out of 1767 genes 5.00% 772 out of 24961 genes 3.10% 6.09E-04
G0:0010035 response to inorganic substance 86 out of 1767 genes 4.90% 507 out of 24961 genes 2.00% 3.34E-10
G0:0002376 immune system process 82 out of 1767 genes 4.60% 292 out of 24961 genes 1.20% 3.87E-20
G0:0009056 catabolic process 82 out of 1767 genes 4.60% 670 out of 24961 genes 2.70% 1.47E-04
G0:0010038 response to metal ion 74 out of 1767 genes 4.20% 417 out of 24961 genes 1.70% 1.60E-09
G0:0006955 immune response 72 out of 1767 genes 4.10% 260 out of 24961 genes 1.00% 2.28E-17
G0:0019748 secondary metabolic process 73 out of 1767 genes 4.10% 364 out of 24961 genes 1.50% 1.72E-11
G0:0019752 carboxylic acid metabolic process 73 out of 1767 genes 4.10% 672 out of 24961 genes 2.70% 6.62E-03
G0:0043436 oxoacid metabolic process 73 out of 1767 genes 4.10% 672 out of 24961 genes 2.70% 6.62E-03
G0:0006082 organic acid metabolic process 73 out of 1767 genes 4.10% 673 out of 24961 genes 2.70% 6.82E-03
G0:0042180 cellular ketone metabolic process 73 out of 1767 genes 4.10% 687 out of 24961 genes 2.80% 9.91E-03
G0:0045087 innate immune response 71 out of 1767 genes 4.00% 256 out of 24961 genes 1.00% 3.51E-17
G0:0006970 response to osmotic stress 71 out of 1767 genes 4.00% 425 out of 24961 genes 1.70% 2.94E-08
G0:0006979 response to oxidative stress 69 out of 1767 genes 3.90% 278 out of 24961 genes 1.10% 1.14E-14
G0:0009617 response to bacterium 68 out of 1767 genes 3.80% 256 out of 24961 genes 1.00% 1.15E-15
G0:0009651 response to salt stress 67 out of 1767 genes 3.80% 397 out of 24961 genes 1.60% 5.68E-08
G0:0009620 response to fungus 63 out of 1767 genes 3.60% 167 out of 24961 genes 0.70% 1.42E-20
G0:0055085 transmembrane transport 64 out of 1767 genes 3.60% 474 out of 24961 genes 1.90% 1.04E-04
G0:0009743 response to carbohydrate stimulus 62 out of 1767 genes 3.50% 203 out of 24961 genes 0.80% 1.23E-16
G0:0006811 ion transport 62 out of 1767 genes 3.50% 404 out of 24961 genes 1.60% 4.19E-06
G0:0044248 cellular catabolic process 62 out of 1767 genes 3.50% 520 out of 24961 genes 2.10% 2.48E-03
G0:0006725 cellular aromatic compound metabolic process 57 out of 1767 genes 3.20% 322 out of 24961 genes 1.30% 2.10E-07
G0:0065008 regulation of biological quality 57 out of 1767 genes 3.20% 426 out of 24961 genes 1.70% 3.56E-04
G0:0032501 multicellular organismal process 56 out of 1767 genes 3.20% 483 out of 24961 genes 1.90% 7.11E-03
G0:0010200 response to chitin 54 out of 1767 genes 3.10% 127 out of 24961 genes 0.50% 1.70E-19
G0:0008219 cell death 54 out of 1767 genes 3.10% 234 out of 24961 genes 0.90% 2.09E-10
G0:0016265 death 54 out of 1767 genes 3.10% 234 out of 24961 genes 0.90% 2.09E-10
G0:0042742 defense response to bacterium 53 out of 1767 genes 3.00% 201 out of 24961 genes 0.80% 4.81E-12
G0:0009266 response to temperature stimulus 53 out of 1767 genes 3.00% 399 out of 24961 genes 1.60% 7.14E-04
G0:0046686 response to cadmium ion 51 out of 1767 genes 2.90% 330 out of 24961 genes 1.30% 3.81E-05
G0:0070887 cellular response to chemical stimulus 51 out of 1767 genes 2.90% 374 out of 24961 genes 1.50% 5.82E-04
G0:0009737 response to abscisic acid stimulus 50 out of 1767 genes 2.80% 340 out of 24961 genes 1.40% 1.47E-04
G0:0050832 defense response to fungus 48 out of 1767 genes 2.70% 131 out of 24961 genes 0.50% 2.57E-15
G0:0012501 programmed cell death 47 out of 1767 genes 2.70% 197 out of 24961 genes 0.80% 1.77E-09
G0:0019438 aromatic compound biosynthetic process 44 out of 1767 genes 2.50% 218 out of 24961 genes 0.90% 4.13E-07
G0:0071310 cellular response to organic substance 45 out of 1767 genes 2.50% 337 out of 24961 genes 1.40% 2.17E-03
G0:0009415 response to water 42 out of 1767 genes 2.40% 211 out of 24961 genes 0.80% 1.16E-06
G0:0006812 cation transport 42 out of 1767 genes 2.40% 323 out of 24961 genes 1.30% 5.02E-03
G0:0009751 response to salicylic acid stimulus 40 out of 1767 genes 2.30% 147 out of 24961 genes 0.60% 1.78E-09
G0:0009414 response to water deprivation 41 out of 1767 genes 2.30% 202 out of 24961 genes 0.80% 1.08E-06
G0:0009409 response to cold 40 out of 1767 genes 2.30% 269 out of 24961 genes 1.10% 7.14E-04
G0:0009611 response to wounding 38 out of 1767 genes 2.20% 145 out of 24961 genes 0.60% 1.12E-08
G0:0007275 multicellular organismal development 37 out of 1767 genes 2.10% 281 out of 24961 genes 1.10% 7.57E-03
G0:0030001 metal ion transport 34 out of 1767 genes 1.90% 202 out of 24961 genes 0.80% 3.50E-04




Table 23: Continued

G0:0042592 homeostatic process 34 out of 1767 genes 1.90% 253 out of 24961 genes 1.00% 8.30E-03
G0:0009814 defense response, incompatible interaction 32 out of 1767 genes 1.80% 99 out of 24961 genes 0.40% 3.87E-09
G0:0006915 apoptosis 32 out of 1767 genes 1.80% 142 out of 24961 genes 0.60% 4.19E-06
G0:0009753 response to jasmonic acid stimulus 32 out of 1767 genes 1.80% 158 out of 24961 genes 0.60% 3.06E-05
G0:0009698 phenylpropanoid metabolic process 31 out of 1767 genes 1.80% 152 out of 24961 genes 0.60% 3.72E-05
G0:0048583 regulation of response to stimulus 32 out of 1767 genes 1.80% 182 out of 24961 genes 0.70% 2.95E-04
G0:0080167 response to karrikin 28 out of 1767 genes 1.60% 127 out of 24961 genes 0.50% 3.29E-05
G0:0019725 cellular homeostasis 28 out of 1767 genes 1.60% 191 out of 24961 genes 0.80% 7.71E-03
G0:0009699 phenylpropanoid biosynthetic process 26 out of 1767 genes 1.50% 121 out of 24961 genes 0.50% 1.04E-04
G0:0044282 small molecule catabolic process 26 out of 1767 genes 1.50% 162 out of 24961 genes 0.60% 4.32E-03
G0:0048878 chemical homeostasis 25 out of 1767 genes 1.40% 131 out of 24961 genes 0.50% 6.66E-04
G0:0006790 sulfur compound metabolic process 25 out of 1767 genes 1.40% 151 out of 24961 genes 0.60% 3.85E-03
G0:0009723 response to ethylene stimulus 23 out of 1767 genes 1.30% 134 out of 24961 genes 0.50% 4.17E-03
G0:0050801 ion homeostasis 22 out of 1767 genes 1.20% 97 out of 24961 genes 0.40% 2.49E-04
G0:0044264 cellular polysaccharide metabolic process 22 out of 1767 genes 1.20% 137 out of 24961 genes 0.50% 9.17E-03
G0:0055082 cellular chemical homeostasis 20 out of 1767 genes 1.10% 83 out of 24961 genes 0.30% 2.87E-04
G0:0006873 cellular ion homeostasis 19 out of 1767 genes 1.10% 77 out of 24961 genes 0.30% 3.33E-04
G0:0007568 aging 20 out of 1767 genes 1.10% 85 out of 24961 genes 0.30% 3.53E-04
G0:0016054 organic acid catabolic process 19 out of 1767 genes 1.10% 81 out of 24961 genes 0.30% 5.52E-04
G0:0046395 carboxylic acid catabolic process 19 out of 1767 genes 1.10% 81 out of 24961 genes 0.30% 5.52E-04
G0:0055080 cation homeostasis 19 out of 1767 genes 1.10% 81 out of 24961 genes 0.30% 5.52E-04
G0:0080134 regulation of response to stress 20 out of 1767 genes 1.10% 91 out of 24961 genes 0.40% 7.14E-04
G0:0006073 cellular glucan metabolic process 20 out of 1767 genes 1.10% 110 out of 24961 genes 0.40% 5.02E-03
G0:0044042 glucan metabolic process 20 out of 1767 genes 1.10% 113 out of 24961 genes 0.50% 6.38E-03
G0:0071705 nitrogen compound transport 19 out of 1767 genes 1.10% 107 out of 24961 genes 0.40% 7.69E-03
G0:0030003 cellular cation homeostasis 17 out of 1767 genes 1.00% 65 out of 24961 genes 0.30% 4.65E-04
G0:0031347 regulation of defense response 18 out of 1767 genes 1.00% 76 out of 24961 genes 0.30% 7.21E-04
G0:0009404 toxin metabolic process 16 out of 1767 genes 0.90% 46 out of 24961 genes 0.20% 5.27E-05
G0:0009407 toxin catabolic process 16 out of 1767 genes 0.90% 46 out of 24961 genes 0.20% 5.27E-05
G0:0006875 cellular metal ion homeostasis 16 out of 1767 genes 0.90% 52 out of 24961 genes 0.20% 1.72E-04
G0:0055065 metal ion homeostasis 16 out of 1767 genes 0.90% 55 out of 24961 genes 0.20% 2.91E-04
G0:0009817 defense response to fungus, incompatible interaction 15 out of 1767 genes 0.80% 41 out of 24961 genes 0.20% 6.50E-05
G0:0042430 indole-containing compound metabolic process 14 out of 1767 genes 0.80% 42 out of 24961 genes 0.20% 2.89E-04
G0:0000041 transition metal ion transport 15 out of 1767 genes 0.80% 53 out of 24961 genes 0.20% 6.06E-04
G0:0009624 response to nematode 15 out of 1767 genes 0.80% 61 out of 24961 genes 0.20% 2.03E-03
G0:0006820 anion transport 15 out of 1767 genes 0.80% 74 out of 24961 genes 0.30% 8.17E-03
G0:0000302 response to reactive oxygen species 14 out of 1767 genes 0.80% 67 out of 24961 genes 0.30% 9.17E-03
G0:0009816 defense response to bacterium. incompatible interaction 12 out of 1767 genes 0.70% 27 out of 24961 genes 0.10% 1.30E-04
G0:0010043 response to zinc ion 12 out of 1767 genes 0.70% 38 out of 24961 genes 0.20% 1.40E-03
G0:0009813 flavonoid biosynthetic process 12 out of 1767 genes 0.70% 49 out of 24961 genes 0.20% 7.11E-03
G0:0009873 ethylene mediated signaling pathway 12 out of 1767 genes 0.70% 49 out of 24961 genes 0.20% 7.11E-03
G0:0071369 cellular response to ethylene stimulus 12 out of 1767 genes 0.70% 50 out of 24961 genes 0.20% 8.00E-03
G0:0031407 oxylipin metabolic process 11 out of 1767 genes 0.60% 31 out of 24961 genes 0.10% 1.20E-03
G0:0009863 salicylic acid mediated signaling pathway 10 out of 1767 genes 0.60% 29 out of 24961 genes 0.10% 2.75E-03
G0:0071446 cellular response to salicylic acid stimulus 10 out of 1767 genes 0.60% 29 out of 24961 genes 0.10% 2.75E-03
G0:0042435 indole-containing compound biosynthetic process 11 out of 1767 genes 0.60% 37 out of 24961 genes 0.10% 3.75E-03
G0:0002252 immune effector process 10 out of 1767 genes 0.60% 32 out of 24961 genes 0.10% 4.84E-03
G0:0006826 iron ion transport 8 out of 1767 genes 0.50% 15 out of 24961 genes 0.10% 1.31E-03
G0:0009694 jasmonic acid metabolic process 9 out of 1767 genes 0.50% 26 out of 24961 genes 0.10% 5.02E-03
G0:0031408 oxylipin biosynthetic process 9 out of 1767 genes 0.50% 27 out of 24961 genes 0.10% 5.97E-03
G0:0006800 oxygen and reactive oxygen species metabolic process 9 out of 1767 genes 0.50% 29 out of 24961 genes 0.10% 8.00E-03
G0:0009695 jasmonic acid biosynthetic process 8 out of 1767 genes 0.50% 23 out of 24961 genes 0.10% 8.30E-03
G0:0006536 glutamate metabolic process 7 out of 1767 genes 0.40% 14 out of 24961 genes 0.10% 4.23E-03
G0:0055072 iron ion homeostasis 7 out of 1767 genes 0.40% 15 out of 24961 genes 0.10% 5.37E-03
G0:0009636 response to toxin 7 out of 1767 genes 0.40% 17 out of 24961 genes 0.10% 8.17E-03
G0:0009065 glutamine family amino acid catabolic process 5 out of 1767 genes 0.30% 7 out of 24961 genes 0.00% 8.00E-03
G0:0042343 indole glucosinolate metabolic process 5 out of 1767 genes 0.30% 7 out of 24961 genes 0.00% 8.00E-03



Table 24: GOs 390x vs. WT +Fe Downregulated. The Downregulated genes and p-values (+Fe) of the gene list in Table were used
to generate a GeneOnthology enrichment using the tool Virtual Plant.

GO ID Term Observed Frequency Expected Frequency p-value
G0:0050896 response to stimulus 318 out of 1574 genes 20.20% 3689 out of 24961 genes 14.80% 1.76E-06
G0:0042221 response to chemical stimulus 160 out of 1574 genes 10.20% 1892 out of 24961 genes 7.60% 4.74E-03
G0:0009628 response to abiotic stimulus 153 out of 1574 genes 9.70% 1360 out of 24961 genes 5.40% 1.00E-08
G0:0071840 cellular component organization or biogenesis 116 out of 1574 genes 7.40% 1281 out of 24961 genes 5.10% 3.63E-03
G0:0055114 oxidation-reduction process 97 out of 1574 genes 6.20% 793 out of 24961 genes 3.20% 8.27E-07
G0:0071841 cellular component organization or biogenesis at cellular level 96 out of 1574 genes 6.10% 945 out of 24961 genes 3.80% 5.02E-04
G0:0009719 response to endogenous stimulus 93 out of 1574 genes 5.90% 920 out of 24961 genes 3.70% 7.03E-04
G0:0009725 response to hormone stimulus 87 out of 1574 genes 5.50% 849 out of 24961 genes 3.40% 8.06E-04
G0:0009416 response to light stimulus 78 out of 1574 genes 5.00% 477 out of 24961 genes 1.90% 5.31E-10
G0:0009314 response to radiation 78 out of 1574 genes 5.00% 493 out of 24961 genes 2.00% 1.36E-09
G0:0006412 translation 53 out of 1574 genes 3.40% 459 out of 24961 genes 1.80% 1.94E-03
G0:0009266 response to temperature stimulus 48 out of 1574 genes 3.00% 399 out of 24961 genes 1.60% 1.77E-03
G0:0006091 generation of precursor metabolites and energy 41 out of 1574 genes 2.60% 182 out of 24961 genes 0.70% 1.68E-08
G0:0071702 organic substance transport 37 out of 1574 genes 2.40% 261 out of 24961 genes 1.00% 6.90E-04
G0:0009409 response to cold 36 out of 1574 genes 2.30% 269 out of 24961 genes 1.10% 2.02E-03
G0:0009733 response to auxin stimulus 36 out of 1574 genes 2.30% 287 out of 24961 genes 1.10% 4.81E-03
G0:0051186 cofactor metabolic process 34 out of 1574 genes 2.20% 219 out of 24961 genes 0.90% 3.73E-04
G0:0006457 protein folding 31 out of 1574 genes 2.00% 237 out of 24961 genes 0.90% 6.30E-03
G0:0022900 electron transport chain 30 out of 1574 genes 1.90% 72 out of 24961 genes 0.30% 7.37E-11
G0:0015979 photosynthesis 30 out of 1574 genes 1.90% 83 out of 24961 genes 0.30% 7.03E-10
G0:0006461 protein complex assembly 28 out of 1574 genes 1.80% 121 out of 24961 genes 0.50% 5.62E-06
G0:0071822 protein complex subunit organization 29 out of 1574 genes 1.80% 137 out of 24961 genes 0.50% 1.46E-05
G0:0065003 macromolecular complex assembly 28 out of 1574 genes 1.80% 192 out of 24961 genes 0.80% 3.08E-03
G0:0043933 macromolecular complex subunit organization 29 out of 1574 genes 1.80% 210 out of 24961 genes 0.80% 4.77€E-03
G0:0009767 photosynthetic electron transport chain 27 out of 1574 genes 1.70% 34 out of 24961 genes 0.10% 1.80E-14
G0:0043623 cellular protein complex assembly 26 out of 1574 genes 1.70% 106 out of 24961 genes 0.40% 5.74E-06
G0:0006869 lipid transport 27 out of 1574 genes 1.70% 146 out of 24961 genes 0.60% 2.25E-04
G0:0051188 cofactor biosynthetic process 27 out of 1574 genes 1.70% 147 out of 24961 genes 0.60% | 2.41E-04
G0:0009639 response to red or far red light 26 out of 1574 genes 1.70% 151 out of 24961 genes 0.60% 6.90E-04
G0:0044085 cellular component biogenesis 27 out of 1574 genes 1.70% 176 out of 24961 genes 0.70% 2.07E-03
G0:0071843 cellular component biogenesis at cellular level 27 out of 1574 genes 1.70% 176 out of 24961 genes 0.70% 2.07E-03
G0:0034622 cellular macromolecular complex assembly 26 out of 1574 genes 1.70% 177 out of 24961 genes 0.70% 4.44E-03
G0:0034621 cellular macromolecular complex subunit organization 27 out of 1574 genes 1.70% 194 out of 24961 genes 0.80% 6.30E-03
G0:0046148 pigment biosynthetic process 23 out of 1574 genes 1.50% 77 out of 24961 genes 0.30% 1.88E-06
G0:0009657 plastid organization 23 out of 1574 genes 1.50% 93 out of 24961 genes 0.40% 2.36E-05
G0:0042440 pigment metabolic process 23 out of 1574 genes 1.50% 94 out of 24961 genes 0.40% 2.62E-05
G0:0070882 cellular cell wall organization or biogenesis 24 out of 1574 genes 1.50% 151 out of 24961 genes 0.60% 2.96E-03
G0:0009658 chloroplast organization 20 out of 1574 genes 1.30% 73 out of 24961 genes 0.30% 3.16E-05
G0:0080167 response to karrikin 20 out of 1574 genes 1.30% 127 out of 24961 genes 0.50% 8.98E-03
G0:0071669 plant-type cell wall organization or biogenesis 19 out of 1574 genes 1.20% 118 out of 24961 genes 0.50% 9.27E-03
G0:0009642 response to light intensity 17 out of 1574 genes 1.10% 78 out of 24961 genes 0.30% 1.33E-03
G0:0006779 porphyrin biosynthetic process 15 out of 1574 genes 1.00% 44 out of 24961 genes 0.20% 8.30E-05
G0:0010114 response to red light 16 out of 1574 genes 1.00% 55 out of 24961 genes 0.20% 1.90E-04
G0:0033014 tetrapyrrole biosynthetic process 15 out of 1574 genes 1.00% 48 out of 24961 genes 0.20% 1.90E-04
G0:0006778 porphyrin metabolic process 16 out of 1574 genes 1.00% 61 out of 24961 genes 0.20% 4.53E-04
G0:0033013 tetrapyrrole metabolic process 16 out of 1574 genes 1.00% 63 out of 24961 genes 0.30% 5.43E-04
G0:0009644 response to high light intensity 14 out of 1574 genes 0.90% 48 out of 24961 genes 0.20% 5.20E-04
G0:0009773 photosynthetic electron transport in photosystem | 12 out of 1574 genes 0.80% 15 out of 24961 genes 0.10% 1.84E-06
G0:0015995 chlorophyll biosynthetic process 12 out of 1574 genes 0.80% 26 out of 24961 genes 0.10% 8.19E-05
G0:0015994 chlorophyll metabolic process 13 out of 1574 genes 0.80% 39 out of 24961 genes 0.20% 3.83E-04
G0:0007623 circadian rhythm 12 out of 1574 genes 0.80% 49 out of 24961 genes 0.20% 4.77E-03
G0:0048511 rhythmic process 12 out of 1574 genes 0.80% 49 out of 24961 genes 0.20% 4.77€E-03
G0:0009637 response to blue light 12 out of 1574 genes 0.80% 53 out of 24961 genes 0.20% 8.05E-03
G0:0010218 response to far red light 11 out of 1574 genes 0.70% 43 out of 24961 genes 0.20% 6.00E-03
G0:0010207 photosystem Il assembly 10 out of 1574 genes 0.60% 12 out of 24961 genes 0.00% 1.57E-05
G0:0009668 plastid membrane organization 10 out of 1574 genes 0.60% 22 out of 24961 genes 0.10% 4.53E-04
G0:0010027 thylakoid membrane organization 10 out of 1574 genes 0.60% 22 out of 24961 genes 0.10% 4.53E-04
G0:0045036 protein targeting to chloroplast 10 out of 1574 genes 0.60% 26 out of 24961 genes 0.10% 1.10E-03
G0:0009828 plant-type cell wall loosening 10 out of 1574 genes 0.60% 35 out of 24961 genes 0.10% 5.43E-03
G0:0006733 oxidoreduction coenzyme metabolic process 10 out of 1574 genes 0.60% 39 out of 24961 genes 0.20% 9.83E-03
G0:0065002 intracellular protein transmembrane transport 8 out of 1574 genes 0.50% 17 out of 24961 genes 0.10% 1.99E-03
G0:0071806 protein transmembrane transport 8 out of 1574 genes 0.50% 17 out of 24961 genes 0.10% 1.99E-03
G0:0042375 quinone cofactor metabolic process 8 out of 1574 genes 0.50% 18 out of 24961 genes 0.10% 2.45E-03
G0:0045426 quinone cofactor biosynthetic process 8 out of 1574 genes 0.50% 18 out of 24961 genes 0.10% 2.45E-03
G0:0043155 negative regulation of photosynthesis, light reaction 6 out of 1574 genes 0.40% 9 out of 24961 genes 0.00% 3.43E-03
G0:0009772 photosynthetic electron transport in photosystem Il 7 out of 1574 genes 0.40% 7 out of 24961 genes 0.00% 3.24E-04
G0:0045038 protein import into chloroplast thylakoid membrane 6 out of 1574 genes 0.40% 6 out of 24961 genes 0.00% 1.03E-03
G0:0010205 photoinhibition 6 out of 1574 genes 0.40% 9 out of 24961 genes 0.00% 3.43E-03
G0:0010876 lipid localization 7 out of 1574 genes 0.40% 18 out of 24961 genes 0.10% 9.27E-03
G0:0019915 lipid storage 7 out of 1574 genes 0.40% 18 out of 24961 genes 0.10% 9.27E-03




