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ABSTRACT

INVESTIGATING THE ROLES OF Micr&NAS IN BIOTIC STRESS RESPONSES
AND FUNCTIONAL CHARACTERIZATION OF A NOVEL ZTL-TYPE FBOX
PROTEINVIAVIRUS INDUCED GENE SILENCING

Daj dYasin Fatih

M. Sc., Department of Biotechnology

Supervisor: Prof. Dr. Mahinur S. Akkaya

June 2009, 70 pages

Barley and wheat are the two most important crop species in Turkey. Molecular
studies for increasing crop yield of these species are very iampddr the economic
benefits of Turkey. Powdery mildew and yellow rust are the two main pathogens,
infecting barley and wheat, respectively in our country and causing a great amount of
yield loss each year. Till now, classical genetics studies were pediom order to
develop resistant barley and wheat cultivars, but these stumresnot beesuccesful
Therefore, molecular plaathogen interactions studies are starting to become the
new tool to fight against pathogens. In thiesis,two importantaspects of plant

microbe interactions were investigated.

In the first part, the role of microRNAs (miRNAs) in powdery mildearley

pathosysytem, and yellow ruatheat pathosystem were studied. The expression levels

iv



of miIRNAs and their putative targets mgeinvestigatedvia miRNA microarray
analysis and gR'PCR, respectively, in response to virulent and avirulent pathogen
infections. These data were used to establish a new model for powdery {nddew

and yellow rustwheat pathosystems.

In the second art, functional analysis of a novelldox gene, which was a ZTHiype F

box, was performed by using Barley Stripe Mosaic Virus mediated Virus Induced
Gene SilencingThis Fbox gene (HYDRFjHordeum vulgarédDisease Related-Box)

was induced upon yellow rughfection and we studied its role in powdery mildew
infection. The results confirmed HvVDRF as a positive regulator of race specific

immunity and enlarged the roles of ZType Fbox proteins to biotic stress responses.

Key Words: miRNA, F-box proten, yellow rust, powdery mildew, E3 ligase, miR159,
miR169, gRTPCR, miRNA microarray analysis, VIGS.
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MiKRORNA'LARIN BiYOTiK STRESKOK ULL ARI NDAKK G¥REVLERK]I
ARAKTI RI LMASI VE-TKPXIOKB PR OZ EIKIRESN K
KND! KLENMESK KLE GEN SUSTKIRE LRVMAMNK S K¥OINELM
KARAK TZBYONU

Daj dYasn Fatih

Yuksek Lisans, Biyoteknoloji Bolimu

Tez yoneticisi: Prof.Dr.Mahinur.A\kkaya

Haziran 2009, 70 sayfa

Arpa ve Ikypday ¢, T enemltedhre | &€ a ndd gelmbkeediréve bu
bitkilerin ¢reéen verimini arttéeracak mol ek
icin cok 6nemlidir. Killeme ve sa¥pas bu bitkileri hasta eden patojenlerirkl@mn d a

gel mektedir ve her yéanedneenmloi|l mmaikktkaddr édra. ¢kr
bu patojenlere karkeé klasi k geneti k -al éxk
bu caék mal ar obamamek €ér . Dol ay-gastg] an imlo il
-al ekxmal aré patojenlerl ensmaowagabmbehkek - va

ol arak kull anél maya -pbaatkol jaemmé kit Ieir k lboyiue rti enz che
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i nceltenmiKk

Kl k kés-kEmbbheme pebeudppeapr €ermpasi stemlerinde mi

rol u ar a kMridentéevema kKt el ent pat oj en enfekte
mi kr o RNA | arné medefvgenlerioim lekspresyon seviyeleri mikroRNA

mikrodizin analizive gRFPCR deneyl er i il e saptanméxk Ve
sistem icin eemmkyeRNADIi armodiel ortaya konul
KkKi nci kéesémda, saré pas enf R itipyemdbiri | mi K
F-box proteinin (HYDRF) BSMV ara&c| éj e il e VI GS y°nt emi [
arpalardad n k si yonel karakterizasyonu y-#&®gxél méxkt
proteispesnfékkdiren- mekani zmal arénda po

k aneét\teaZmeé tipi Fbox prdeinlerininbi yoti k stres kokul | a

al dekl aréné ispatl améxkt é

Anahtar kelimeler: MikroRNA, F-b o x pr ot e i n pas, EXligdz,ImeRhs, s ar é

miR169, qRFPCR,mikroRNA mikrodizin analizi, VIGS.
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CHAPTER 1

INTRODUCTION

1.1 Plant microRNAs

MicroRNAs (miRNAs) are 124 nucleotides long, sequensgecific rgulators of
eukaryotic genomes. They were unnoticed till their recent discovefy. ielegans
(Ambros and Chen, 20Q7/Mut now known to be important control elements of gene
regulatory networks in plants and animalhey are thought to control 30 % of
eukaryotic genoméAxtell, 2008) They are chemically and functionally similar to
SiRNAs (short interfering RNAsInd the distinddn between siRNAs and miRNAs are
becoming harder as new discoveries are nfddeesRhoades et al., 200§Yoinnet,
2009) miRNAs like siRNAscontrol transcription of genasa a mechanismknown as

PTGS (post transcriptional gene silencing).

1.1.1 Biogenesis of fant microRNAs

Formation of a functional miRNA includesuiobasic steps: (1) induction of miRNA
processing elements by uldle stranded RNA (dsRNA), (2yqressing of dsRNA into
small RNAs (sRNAs), (3) 30-methylation of sRNA and (4) incorporation of
methylated small RNA imt silencing effector complexes. Effector complex
incorporated sRNAsnteract with their targets in partial or full complementary

fashion.



Plant miRNAs a& generally found in genomic regions that are not protein coding and
they are thought to be produced from their own gddesesRhoades et al., 2006)
Sometimes as in miR395 cluster, mIRNA genes are found as clusters and many
mMiRNAs are tanscribed from single primary transcri@onesRhoades and Bartel,
2004; Guddeti et al., 20057lant miRNA transcriptare formed by the action of RNA
Polymerase Il and primary transcripts {piRNA) are charactized by stemloop
structures(Xie et al., 2005) Some of these transcripts are found to be capped,
polyadenylated and spliced, and others are thbtggbe processad a similar fashion
(Aukerman and Sakai, 2003; Xie et al., 2005; Kurihara et al., 2@¥jides RNA
Polymerase |l transcripts, dsRNA can be produced from viral RNARNA
dependant RNA Polymesa 16 (RDRZL6). Templates of RDRs include atypical
MRNAs or transcripts of plant specific RNA Polymerasé\Wginnet 2009).

Up to 1 kb long sterpbop containing prmiRNAs are excised by the activity of
RNaselll type endonucleases such as Dicer. Theréoar types of Dicer like (DCL)
proteins inArabidopsis The products of each enzyme have different lengths; DCL1
has 1821 nucleotide long products, DCL2 has 22, DCL3 has 24 and DCL4 has 21
nucleotdes long products (Voinnet 2009 The products of DCL noteins are
characterized by 3" overhangs, this property is widely used for analyzing deep
sequencing data foretermination of putative miRNAf.ee et al., 2003; Lim et al.,
2003) In plants DCL1 actiity is enoughfor miRNA accumulation and formation of
mature miRNA occurs in nucley®ark et al., 2002; Kurihara et al., 200@Jone of

other DCL proteins are required for miRNA biogend3ig et al., 2004)In animals

there are two distinct steps of cleavage. FirstrpiieNA is formed from prAmiRNA,

which is folloned by the formation of miIRNA/mMIRNA* in cytoplasm(Lee et al.,
2003) In contrast to animals, pmiRNAs are rarely detected in plants and both
cleavage reactions occur in nucleus. The cleavage specificity is mainly depended on
the secondary structure of mMIRNA, which was confirmed by modifications of the
pri-miRNA sequence without changing stéoop structure(Parizotto et al., 2004;
Vaucheret et al., 2004PDCL1 interacs with HYL1 (hyponastic leaves 1and SE



(serrate) in order to perform dicing activity and mutants es¢hgenes are lethal like
DCL1 mutants(Kurihara et al., 2006; Fang and Spector, 20(Hpally, DCL1
interacts with DDL (dawdle) protein whose function is not understood completely for
now (Yu et al., 2008)

The third step in miRNA biogenesis is®-methylation of mature miRNAuplex S-
adenosylmethionindependant methyltransferase HEN1 (Hua Enhancer 1) catalyzes
methylation of all small silencing RNAs in plant§lethylation prevents 3" uridylation

and subsequent degradation of small RiJA%t al., 2005; Yang et al., 20Q06)

The last step in miRNA processing is transport of mature miRNA into cytoplasm and
association of silemeg complex. In order to export miRNA into cytoplasm HST
(hasty) protein is required. The complete mechanism of miRNA transport is unknown,
but HST is a homolog of animal exportin 5, and some miRNAs are shown to be
interacting with HSTHowever, miRNA acconulation was observed in null mutants of
HST, meaning there are some HBilependent transport mechanism#ich are not
discovered yetPoethig et al., 2006)

One strand of the mIRNA/mIRNA* duplex is incorporated into RISC (RNA induced
silencing complex) in order to perform effector function. Strand selection depends on
the energeticeymmetryif mMiRNA/miRNA* duplex (JonesRhoades et al., 2006)he

5" ends of miRNA strands are much less stable than miRNA* strand and tlaesks str
are incorporated into RISCHaley and Zamore, 2004)Ynassociated miRNA* strand

is degraded quickly after loading ofIRNA onto RISC.RISCs invariably contain an
Argonaute(AGO) protein. Argmoute proteins have a single strand RNA binding PAZ
domain and a PIWI domain having RNaseH like acti{Byodersen and Voinnet,
2006; Jonekhoades et al., 2006)There are 10 Argonaute proteins identified in
Arabidopsis 4 of which are functionally characterized. AGO4 is functioning in
methylation of some transposons and inverted repeat g&reest al., 2004) AGO7

and AGO10 is required for normal development Arabidopsis but the action
mechanism is not known yfRoethig et al., 2006 AGO7 function is related with ta



siRNA (trans acting small interfering RNA) biogene@iazquez et al., 2004bAGO6

is functioning in cytosine mRylation for epigenetic mechanisms and associated with
24 nucleotide long hetecbromatin associated small RNAdallory et al., 2008)The

only AGO protein shown to take role in miRNA action is AGO1. AGOL1 catalyzes
cleavage of miRNA targets and agol mutants have higher levels of miRNA targets
(Vaucheret et al., 2004The general scheme of miRNA biogsisgepathway is given

in Figure 1.1
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Figure 1.1 Biogenesis of lant miRNAs (JonesRhoades et al., 2006Primary
microRNAs are transcribed by RNA Polymerase Il and processed by cap anl poly
tail addition. Primay miRNA is processed into miRNA/MiRNA* duplex by the action
of DCL1. miRNA/miRNA* duplex has 5 phosphates and two nucleotide long 3
overhangs. 3" sugars of mMiIRNA/mMIiRNA* duplex is methylateata HEN1. miRNA
duplex is transported into cytoplasm by HSiAdasome additional factors, where
mature miRNA is incorporated into AGO1 containing RISC. On the other hand,
MiRNA* is degradedria exonucleases. miRNA in silencing complex has the ability to

cleave target mMRNAs or repress translation.
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1.1.2 Mechaisms ofplant miRNA action

Plant miRNAs regulate gene expression by three distinct mechanisms: (a) cleavage of
complementary target mRNA, (b) repression of translation of target mRNA, and (c)
transcriptional silencing of target mMRNA. Until recent years cleasgagarget mRNA

by the aid of AGO1 wathe only mechanism that was experimentally verified. Since
plant miRNAs show very higbomplementaritieso their target mRNAs, main mode

of action of mMiRNAs was thought to be cleavage. This idea was supported hgeleva
transcript levels of target mMRNAs in agol, henl, and hyll mu{Botget et al., 2003;
Vaucheret et al., 2004; Vazquez et al., 200#ayeasing of target mRNAs in cells that
are over expressing viral suppress of RNA silencing(Kasschau et al., 2003;
Chapman et al., 2004; Chen et al., 2004; Dunoyer et al., 20@4)eduction of target
MRNA levels in cells that are overexpressing miRNRalatnik et al., 2003; Achard et

al., 2004; Guo et al., 2005; Kim et al., 2005b; Wang et al., 2005; Williams et al., 2005;
Sunkar et al., 2007)Moreover detection of cleavage targets by 5° RACE (rapid
amplification of cDNA endsjKasschau et al., 2003; Palatnik et al., 2003; Xie et al.,
2003; Chen et al., 2004; JoARboades and Bartel, 2004; Llave, 2004; Mallory et al.,
2004; Vazquez et al., 2004a; Allen et al., 2005; Mallory et al., 289&%)Northern lot
experimentgKasschau et al., 2003; Souret et al., 2004; Mallory et al., Z00Her
confirmed sequence specific degradation of complementary mRNA targets-ftdm 9
nucleotides of MIRNA As a further confirmmg evidence slicing activity of Piwi
domain in AGO1 protein is experimentally sho@aucheret et al., 2004; Valeneia
Sanchez et al.,, 2006; Diederichs and Haber, 200Tgavage of target mRNA
resembles switches; wh the target is cleaved there is no turning back. Such kind of
regulation might be important in regulating developmental processes, which require

permanent determination of cell fates.

Second mode of action of plant miRNAs, which was discovered verytigcen
translational repressiorf target mRNA(Brodersen and Voinnet, 2005epression of



translation was discovered by analysis of miRB&ion deficient mutast (mad16)

and the general outcome was many of plant miRNAs are agtrgpth cleavage and
repression. The degree of complementarity if miRNA with its target was known to be
determining factor for cleavage, but it was discovered that neither the pasition
complementarity (ORF, 5’UTR or 3'UTR) nor the degree of complementarity is
decisive inthe mode of action of plant miRNAsIranslational repression of target
MRNAs was supported by detection of full length target mMRNAs by Northern blot
analysis(Dunoyer et al., 2004; Souret et al., 200@)e experimental evidence of the

mode of action of plant miRNAs are summarized in Figure 1.2
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Figure 1.2 Plant miRNA modes of actior{Voinnet 2009) (A) The geneal picture of
Northern gels after miRNA action is similar to the one depicted in the center which
supports both cleavage and repression occurring at the samé tienemutantdcll is

used as negative control. WT is the RNA isolated from wild type pl@tisurrence of
small fragments leads us to slicing, but occurrence of full length mRNAs in the same
lane is an evidence for translational suppression. The left lane shows the northern
blots, if only translational repression is acting, and the right lanevshtbe northern

blots if only slicing is acting. Translational repression requires microtubule severing
enzyme Katanin (KTN) and-Body component Varicose (VCSYn the other hand
slicing activity might require AGO1(B) Plant miRNAs restrain the expsegn of the
target. In ArabidopsismiR164 controls the expression Qup Shaped Cotyledon
(CUC2). On the left expression of wild type CUC2 is shown which confirms localized
expression of CUC2. On the right expression of miRNA resistant CUC2 is shown,
whoseexpression is showing enlarged domains. (C) The phenotypic effects of miR164

target or miR164 mutants are shown.



In contrast to omff switching of cleavagethis mode of action enables fine tuning of
targets, and might be important in regulation ofaieg regulators of stress responses.

By repressing translation of negative regulators, it is guaranteed that expression of the
regulators willreappeamwhenthe stress islisappearedThis idea wasgpported by
mMiRNAs controlling osphate starvatiofSunkar et al., 2007and basal defence
against bacteriainfection (Navarro et al., 2008)Reversibility ensures reducing the

fitness loss due to prolongetiess response activatigvioinnet 2009.

1.1.3 Regulation of plant miRNA ativity

Plant miRNA activity can be controlled at many levels, including controlling

expression of mMiRNA genes, processing of miRNAs and action of miRNAs.

The first level of cotrol of mIRNA activity is regulating transcription from miRNA
coding MIR genesSome of the plant miRNA genes have conserved TADA like
sequences, increasing the possibility that these devestheir independent promoters
(Xie et al., 2005) Also tissue or even cell specific expression patterns of these
conserved MIR genesuggesprecisely controlled expression of these gdesizotto

et al., 2004; Kawashima et al., 200foreover many MIR genes have binding sites
for transcription factors like ARF (activates gene expression without auxin), LFY
(activated floral homeobox gene induction), MYC2 (increassistance to drought)
(Megraw et al., 2006) These transcription factors have binding sites for some
miRNAs, which indicates the existence of someedbackloops and increases the
complexityof the transcriptionacontrol (Megraw et al., 2006)There are paralogues

of MIR genes whose mature miRNA products are the same. Until recently, it was
thought that these genes are formed by duplication events and have similar expressi
patterns. However, discovery of spatenporal differenal expression of nine
mMIiR166 genes in maize shoot apex showed that, paralogous genes gained binding sites



for specific control elements and regulated in a distinct manner from each other
(Figurel.3A)(Nogueira et al., 2007)

Regulation of plat miRNA processing is the second type of control for regulating
mMiRNA activity. For now direct evidence indicaginthe control of processing is
missing, but unequivalency seen in prifpneRNA and miRNA levels in different
MiRNAs suggests the occurrence of such a control mechanism. In a wide variety of
plant species, DCL3 dependant 24 nucleotides long miRNAs artfieiParizotto

et al., 2004; Vazquez et al., 2008hese miRNAs are formed independent of DCL1
and they are generally found in flora tissues, which was also supported by 10 times
more abundance of DCL3 in floréiksues, compared to DCI(Figure 1.3 B) This

organ specific expression manner might constitute a broad control circuit for miRNA
expressionln 2008, overexpression of SINEs (short interspaced elements) was found
to be similar to miRNAdeficient mutard. Later on it was discovered that, stem loops

of SINEs are similar to miRNA precursors and bind to miRNA processing element
HYL1 (Figure 1.3 B (PouchPelissier et al., 2008)Thus, competition between
MiRNA precursors and SINEs for HYL1 might control tissue or developmental stage
specific miIRNA expression. Another interesting miRNA activity control is,
sequestering of DCL1 by miR162So spatial or temporal differential expression of
mMiR162 can modulate dabal change in miRNA activityXie et al., 2003) The same

type of control is also valid for AGO1, which is controlled by miR{BRjure 1.3 C)
(Vaucheret et al., 2004)

Another complgity to the miRNA action control mechanism was added by discovery

of nonprotein coding gene IPS1 (induced by phosphate starvation). IPS1 gene has a
complementary region to miR399, but has a loop at cleavage point of miR399. So IPS1
pairing with miR399, prevents hibitory effect of miR399. Both IPS1 and miR399
expression are induced upon phosphate starvation and IPS1 expression seems to be
required for fine tuning of MiR399 activitfFigure 1.3 D)(FranceZorrilla et al.,

2007)
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Another miRNA activity control can be achieved by sorting miRNAs onto different
AGO complexes. In 2008, it was discovered that 5° last nucleotide of small RNA guide
strand determines which AGO complex small RNA will be load@édntgomery et al.,

2008; Takeda et al., 2008For example AGO1 prefers uridine at 5° end, whereas
AGO2 and AGO4 prefers adenosine and a change of uridine to adenosine abolishes
silencing activity. Occurrence of length variandf miRNAs in different tissues
support this ideaVazquez et al.,, 2008)This type of control lacks supporting

evidences for now, but seems to occur for tissue or cell specific miRNA expression.
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Figure 1.3 Modulation of plant miRNA action (Voinnet 2009). (A) Spatial
expression pattern of miR166 isoforms in neaghoot apical meristem is shown by
laser dissecting microscopy. Then the results were confirmed HYQR of different
mMiR166 isoforms. (B) Normally miRNAs are produced by DCL1. In flowers DCL3 is
much more abundant than DCL1, and DCL3 produces 24 niséelming siRNAs. So

the competition between DCL1 and DCL3 determines the miRNA activity in flowers.
On the right another competitionbetween miRNA precursors and SINEs are
presentedSINEs mimic stem looprpcursors of miRNAs and compete for binding to
HYLL1. So the expression pattern of SINEs might be a determining factor for miRNA
activity. (C) DCL1 and AGO1 which are required for miRNA biogenesis and action
respectively are controlled by miR162 and miR168 respectively. (D) IPS1,-a non
coding RNA contrds the activity of miR399 by binding through complementary
regions. Both IPS1 and miR399 are induced upon phosphate starvation and IPS1 seems

to be required for fine tuning of MIR399 activity.
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1.1.4 Functions of Plant miRNAs

1.1.4.1 Functions of plant mMRNAs in development

Plant miRNAs are found to have roles in determination of meristem boundaries,
meristem maintenance and initiation, leaf morphogenesis, stomatal development, light

responses, sex determinatiandmost likelymany yet uncovered process.

The role of miRNAs in meristem differentiation was discovered by the studying
silencing defective mutants. In these mutants, whose RNA silencing machinery is
mutated, HDBZIPIIl transcription factor was decreased, and miR166 level was
increased. Morear, when HDZIPIIl is overexpressed no radial leaves were
produced(Nagasaki et al., 2007; Nogueira et al., 20050 miR166 seems to have
roles in determining meristem differentiation. Another striking data caome €UC

(cup shaped cotyledon) gene studies. CUC genes normally determine the place of
cotyledons in embryo and cucl and cuc2 muteatsotinitiate leaf formation(Aida

and Tasaka, 2006CUC genes are contted by miR164 and mutations in miR164
isoforms, such as miR164a, miR164b, miR164c lead to different numbered floral
organ sizes, such as formation of extra sepals, fewer stamer(iktuvics et al.,
2006; Sieberteal., 2007) miR164 mutants were also defective in phyllotaxy and had

abnormal leaf shapéblikovics et al., 2006)

In tomatoes, LA (lanceolate) gene controls leaf morphogenesis. Normal tomato leaves
are compound, whereasmidominant La mutant leaves are simple. It was shown that
LA gene codes a TCP transcription factor, which has a target site for miR399.
Strikingly, the expression domains of LA and miR399 are partially overlapping,
meaning LA and miR399 are together detigring the leaf shape of tomafOri et al.,

2007) miRNAs are not only controlling leaf shape, but also controlling stomatal

13



complex formation.Recently miR824 was found to target a MAD&x gene which is

controlling formation of stomatal comples in meristemoid&utter et al., 2007)

Besides leaves miRNAs are found to regulate root formation.Mbdicagq
overexpression of miR166 caused a decrease in lateral root initiation and nodule
formation(Boualem et al., 2008)

The functions oimiRNAs in flowers were iderfied by studies on miR172. miR172
targets AP2 (Apetala2) gene and miRNA resistant forms of AP2 results in abnormal
floral structure(Aukerman and Sakai, 2003; Chen, 2004)Petunia and Antihinum
defects in miR169 genes showed similar phenotypes to AP2 mutants, meaning miR169
replaced the function of AP2 in these pla(@artolano et al.2007) miR172 is also
involved in determination of flowering time by interacting with photoreceptors.
Functions of miR172 areot limited to flowering development. miR172 also controls

sex determination in mai{€huck et al., 2007b)

In Arabidopsis overexpresen of miR156 caused extended juvenile stage and late
flowering, meaning miRNAs having role in phase chafWe and Poethig, 2006)n

maize mMiR156 overexpression was observed to decrease miR172 level and miR172
initiated flowering(Chuck et al., 2007a)50, it was suggested that a balance between

mirl56 and miR172 determines when the phase change will (€buck et al., 2009)

These data shows that miRNAs are playing very definitive roles in plant development
and further investigations of mutants having developmental defects will reveal more

functions of miRNAs in development.
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1.1.4.2 Functions of plant miRNAs in abiotic stress esponses

Abiotic stress responses including extreme temperatures, salinity, nutrient deprivation
and drought control expression of thousands of genes in plants and some of these

genes are found to be reguihtey miRNAs.

The role of miRNA in nutrient sensing was found by studying miR399. miR399 was
found to be induced under phosphate starvation and the target of miR399, a putative
ubiquitin conjugating enzyme (UBC), was decreased. Moreover, transgenic
Arabidagpsis plants overexpressing miR399 accumulated more phosphate than wild
type plants and had higher levels of phosphate transporter gene in primary roots
(Sunkar et al., 2007Role of miRNAs in nutrient sensing was extended by studies
showing the interaction of miR395 with ATP sulfurylase (APS) proteins. It was shown
that miR395 is 10dold induced upon sulfur starvation and APS1 level was decreases
in miR395 inducing condition§lonesRhoades and Bartel, 2004)

Oxidative stress responses are also regulated by miRNAs. Oxidative stress induces
formation of reactive oxygen species and some scavengers like superoxide dismutases
(SOD) removethese damaging molecules. The tésgef miR398 were found to be
copper SOD inArabidopsisand rice and overexpression of miR398 reduced levels of
Cu-SOD. More interestingly under low level pper conditions the level of EBOD
decreased and miR398 levatreased, meaning miR3%8 an important regulator of
copper homeostasis and oxidative sti@é&amasaki et al., 2007)

The interaction of miRNAs with plant hormones wascdvered by studying ABA
responses. It was shown that miR159 is induced in ABA treated seedlings, and miR159
target MYB3 and MYB101l are decreased. The same situation is observed under
drought conditions, meaning miR159 is one of the regulators contradliogght
response related ABA function®keyes and Chua, 2007 There are more ABA
induced miRNAs, which are miR393, miR397b and miR402. On the contrary, ABA
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decreases level of miR39&unkar et al., 2007)These results confirm that miRNAs

are a part of hormone related stress responses.

One of the most important abiotic stress factors in tree spscmsedhanical stress. In
2008, it was found that tension and compression downregulates miR156, miR162,
miR164, miR475, miR480 and miR481, whereas upregulates miR40& al., 2008)

So miRNAs are also involved in mechanical stress responses.

In addition to these findings, miR393 was found to be induced upon drought, cold and
NaCl treatment, whereas miR319c¢ was induced by cold not dehydration. In addition to
miR393, miR169g was upratated by drought conditions and thought to inteveith
drought response elements dire¢®ynkar et al., 2007; Zhao et al., 2007)

These resudt showus miRNAs are indispensable elementgsesponse to abiotidress
factors.

1.1.4.3 Functions of plant miRNAS in biotic stress esponses

Although the role of miRNAs in development and abiotic stress was studied intensely,
functions of miRNAs in biotic stress responses started to be unrevealed very recently.
The frst report came fromi\rabidopsis A bacteria derived peptide, flg2&hich is a
widely known PAMP (pathogen associated molecular pattamjuced miR393
transcription which targets an-fox protein TIR1(Figure 1.4 A)(Navarro et al.,
2006) TIR1 is an auxin receptor, functioning in auxin mediated physiological
responses. A similar increase was observeflrabidopsisinfected with Pst DC3000
hrcC (Pseudomanas syringadacking functional typ Ill secretion systejn
Overexpression of miR393 resant TIR1 in tirl mutant increased susceptibility to Pst
DC3000(Navarro et al., 2006 hese results imply that miRNAs are at a critigialce

in PTI (PAMP triggered immunity) pathwayStrikingly, miRNA deficient mutants
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like dcll, rescued growth of Pst DC 3000 hrcC, which is normally nonvirulent
(Navarro et al., 2008)urthermore dcll mutants allowed growth of bacteria which are
normally not infectingArabidopsis meaning miRNAsre also functioningn nonhost
resistance. High throughput sequencing of Pst DC3000 hrcC infeéteabidopsis
revealed many downregulated miRNAs, one of which is miR825. miR825 targets
potential PTI regulators irArabidopsis(Jin, 2008) This result exfains why Pst
DC3000 hrcC growth was lower than normal, because miRNAs that are downregulated
by pathogen infection like miR825 are increased in these mutants. Downregulation of
MiRNAs upon pathogen infection was also observedronartium quercuunnfected
loblolly pine. 10 miRNA families, including 7 pine specific miRNA families were
downregulated by infection. Targets of these downregulated miRNA families were
found to be R genes or RLKs (receptor like kinases), suggesting miRNA suppression is

requiredfor pathogen infectiofFigure 1.4 BYLu et al., 2007)
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Figure 1.4 Plant miRNAs in biotic stress response®/oinnet 2009) (A) Under low
miR393 levels, TIR1 ox proteins induce ubiquitin mediated degradation ofrauxi
factors and promote induction of auxin responsive genes, which are suppressing
defence responses. On the middle patied activation of FLS2 with flg22, leads to
cleavage of TIR1 which results in suppression of auxin responsive genes. This
reduction enances PTI. (B) The production of miRNA is maintained in a balance by
positive and negative regulators.

These results imply that the regulatory roles of miRNAs at all levels of pathogen
response wilgrow much larger in real soon. In this study, thiesof miRNAs in two
fungusplant pathosystems wergtudied. Until now there are studies showing the
important role of miRNAs in response to phytopathogenic bacteria. To our best
knowledge, this studig the firstone investigating the role of miRNAs in plafungal

interactions.
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1.2 The role of ubiquitination in plant defence responses

1.2.1 A summary of plant-microbe interaction machinery

There are various types of biotic stress factors trying to invade plant cells, including
viruses, bacteriapomycetes, and fungi. In contrast to animals plants lack mobile
immune system cells anbely depend on innate immunityhich is harbored by each

cell, and signals spreading systematically from the infecsive (Ausubel, 2005;
Chisholm et al., 2006; Jones and Dangl, 200®ants try to prevent pathogen
colonization by both constitutive and induced resistance mechani§losstitutive
barriers include waxy cuticle, antimicrobial enzymes and secondary metahaliiels,

acts as the first barrier for all pathogens. If these barriers are passed, which is very
common in nature, pathogen specific molecules are recognized by host plants and
induced resistance occurs. Induced resistance can be divided into two partirdepen

on the nature of attacking pathogen. It is called-nost resistance if resistance is

defined by host range of the pathogen.

The other type of induced resistance is called-speeific resistance, which relies on
recognition of cognate avr (avirulee) genes of pathogens by R (resistance) genes
(Bonas and Lahaye, 2003j this interaction is a direct recognition of avr gene by
corresponding R gene, this is calf@ggnefor-gen interaction and lacking of either R

gene or avr gene leads to disease (Flor, 1971). Recognition of avr fad®géye
generally activates a strong local response, namely hypersensitive response (HR),
which is followed by cell death in infected area. Avr recognition also immunizes plant
by spreading of signal molecules from the infection site which results in alglob
response (systemic acquired resistance (SARpath, 2000; Durrant and Dong,
2004) iGenefor-gen® interaction is supported by discovery of interaction of Flax R
gene ALoOo with f | axEliga ali 199V additiennte die¢ta vr L O
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interaction, indirect interactions between R genes and avr geneslaediscovered.

Thist ype of resistance mechani sm(@Jonessaad e x pl a
Dangl, 2006) According to guard hypothesis, R gene recognizes modified Avr
proteins such as Avr protein complexetth host proteinsuch as RIN4 prein of
Arabidopsis(Van der Hoorn et al.,, 2002; Mackey et al., 2008)r proteins (also

known as effectors) interact with host target proteins and this interaction results in
susceptibility.In order tohave a resstance respons&® genes must recognize host

target molecules that are modified by Avr moleci{lEsies and Dangl, 2006)

1.2.2. Ubiquitin/26S Proteasome Pathway

Posttranslational modification is enajor determining factor of protein stabyitand
modulation of protein activity. Modifications include phosphorylationcetylation,
methylation, glycoshation, myristoylation, sumoylation and ubiquitination.
Ubiquitination can be monoubiquitin addition or linking a polyubiquitin chain onto
targetproteins which both lead to different responses. Addition of polyubiquitin chain
to the target proteins direct the target protein to the 26S proteasome system which

degrades proteins (Figure 1.5)
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Figure 1.5 The Ubiquitin/26S Proteasome pthway (Zeng et al., 2006)The first

step in ubiquitinationis activation of ubiquitin molecule with ATP hydrolysis.
Activated ubiquitin is then transferred to the active site of ubiquitin conjugating
enzyme (E2). Finally, ubiquitin ligase (E3) transfers the ubiquitin from E2 to target
protein by forming an isopede bond between lysine residue of target protein and
ubiquitin. After repeating this cycle for many times, polyubiquitin added protein is
directed to 26S proteasome. Here proteins are degraded into their monomers and
polyubiquitin is also monomerized féurther use, by the action of d#iquitination

enzymes (DUBS).

Ubiquitination involves three sequential reactions that are acting in concert. Initially
ubiquitin activating enzyme (Eljctivatesubiquitin molecule which is a 76 amino
acid long Ighly conserved small peptid€igure 1.6) Activation occurs by formation

of a high energy thiol bond at-&rminal glycine residue aibiquitin. E2 (ubiqutin
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conjugating enzyme) cargethis activated ubiquitin to a member of E3 (ubiquitin
ligase) famly. E3 catalyzes the final step of ubiquitination and transfers the ubiquitin
molecule from E2 to the lysine residue of target protein. After addition of first
ubiquitin, many more ubiquitins are added to th8 W8ine residue of ubiquitin, by the
same pocess.Added polyubiquitin chain destines the target protein to the 26S

proteasome.

Ub
Fold

Figure 1.6 Three dimensimal structure of ubiquitin.

26S proteasome is comprised of 20S core particle, which has an inner proteolytic
chamber, and two 19S regtbry particles at each end, which are functioning in ATP
dependant unfolding and protein recognitig8malle and Vierstra, 2004)In

eukaryotes 20S core particle is composedofand b subunitsUwhich
A B 45 The two centr al heptameric b subuni
the proteasoméb 1 , bd5agsdbunits of b rings are po
yield and acti ve pits fortnewo sirgs a outereside 6 hrei nlg ss u k
and provide a channel which takes in the protein to be cleaved in an unfolded state and
takes otithe cleaved peptide fragments (Figure 1.7 regulatory particle contains

a lid and a base. Theasepart ineracts withU-subunit of the 20S core particle and

contain 6 AAAATPase (RPT®6) and 3 norATPase subunits (RPN1, RPN2 and
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RPN10)(Zeng et al., 2006) Thelid is canposed of eight subunits includif®PN3,

RPN5, RPN6, RPN7, RPN8, RPN9, RPN11, and RP(figure 1.7 bYGorbea et al.,

1999) Some other elements which are required for regulating proteasome activity and
localization can bind to these subunits transie(fgrrell et al., 2000; Glicknmaand

Raveh, 2005)Fi nal |y deubiquitinating eanudg mes (|
bond between ubiquitin and lysine residue of target protein, enabling ubiquitin

recycling are found in 19S compldfkigure 1.7c) (Kurucz et al., 2002)

a c
20S Core Protease (CP)
- ; Release »
{ N -o- @ gw m Recognition
148 A :fTh,f: : E : \/ Ub, :'.
e -4
A LJ\).) Unfolding

== Opening

19S Regulatory Particle (RP) : | ,: Cleavage
. i .
LID h\,\
/
J (=
BASE Discharge
) 26S Proteasome
[ s e |

Core Protease (CP) -

Figure 1.7 Structure of 26S poteasome (Smalle and Vierstra, 2004)(a)
Organization of 20S core patrticle. Active site treonines are sh@vrfanization of

19S regulatory particléc) Diagram showing a functional 26S proteasome.

The ubiquitination pathway is endingith 26S proteasomactivity whichis arranged
in a hierarchicamanner E1, E2 and E3 enzymes™ copy numbers within genomes give

us insights about the functional divergence of these enzymes. For example there are 2
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Els, 41 E2s and more than 1200 E3 componenfsrabidopsisgenome(Vierstra,
2003) In ubiquitination/26S proteasome pathway, E3s are the elements conferring
specificity to the system, meaning E3s are determining thet targeein that will be
degraded. Thissithe reason why E3s have suodmendous copy numls(Smalle

and Vierstra, 2004)Till now there are four different E3 families defined according to
their mechanism of action and subunit composition. The HEGM@logous to E@P
COOH terminuydomain iscomposed of 350 aminoacids and has a cysteine residue at
its C-terminus conferring ligase functioRlECT type E3 ligase is the only known E3
type that is forming a thiolester bond between ubiquitin and subgtrate and
Pickart, 2001) SCF type E3 ligase is composed of four subunits: An adaptor protein
Skpl, Cullinl (CDC53)a RING finger protein RBX1 (or ROC1 and HRT1) that is
interacting with Cullinl and E2 and anbéx protein that is recruiting substrates.
Cullinl acts as a scaffold protdimat brings E2s and substrates in proximiiC type

E3 ligases are composed mwiore than 10 proteins and thought to include a Cullin
protein. APC E3 ligase complex is found in very few copies in plant gen(8hes et

al., 2002; Vierstra, 2003)RING-finger motif is characterized by the prase of zinc
chelating residues, aratts similar to SCF E3 ligas€geng et al.,, 2006)SCF and
RING-finger E3 ligases are found in hundreds of copies in plant genome, whereas
there are very few HECT type E3 ligaséentified (Mazzucotelli et al., 2006)A

newly identified E3 ligase type is-box domain which is composefl 75 amino acids.

1.2.3 The role of ubiquitination in plant defencesignaling

The ubiquitination system can be thought as a housekeeping mechanism that is
degrading abnormal proteins. However, besides its housekeeping role ubiquitin
pathway plays a regulatory role by degrading key regulators in different pathways
(Zeng et al., 2006)The first data for the role of protein degradatim defence

signaling came from degradation of R protein RPM1 with the start ofgdiges et al.,
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1998) After the discovery of RPM1 and its relation with ubiquitination pathway
several more members of the defence system is found to be related with ubiquitin
system (Table 1.1)

As mentioned befer E3 ligases are the most diverse members of the ubiquitination
pathway and they are the specificity determining elements. So it is not surprising to
find E3 ligase components in defence signaling regulattt@RE132 (Avr9/Cf9
rapidly elicited), ACRE189,rad ACRE276were determined in cDNAFLP analysis

of Cf9 tobacco cell cultures treated with Avr9. SilencindA@RE189andACRE276
drastically reduced Cf4 and Cf9 dependent resist§Rosvland et al., 2005)Other
components of the E3 ligase system and interactors of E3 ligase (SGT1) are also
shown to play critical roles in plant defae (Austin et al., 2002; Liu et al., 2002; Gray

et al., 2003)
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defence response&Zeng et al., 2006)

Table 1.1 Members of the Ubiquitin/26S Proteasome system functioning in plant

Gene Protein type Host Challenge
ACRE132 RING-H2 (E3) Tobacco/tomato C. fulvum
ACRE189 F-box (E3) Tobacco/tomato C. fulvum
ACRE276 U-box (E3) Tobacco/tomato C. fulvum
At2g35000 RING finger (E3) Arabidopsis E. cichoracearum
AtCMPG1/AtCMPG2 U-box (E3) Arabidopsis P. syringae
ATL2/ATL6 RING-H2 (E3) Arabidopsis Elicitor chitin
BRH1 RING-H2 (E3) Arabidopsis Elicitor chitin
coll F-box (E3) Arabidopsis P. mastophorum
LeCOIl1 F-box (E3) Tomato Spider mites
COP9 19S RP like Tobacco T.M.V.
: N-acetylchitoolige
EL5 RING-H2 (E3) Rice : -
saccharide elicitor
NtE1A and 1B El Tobacco T.M.V
Oligopeptide elicitor
PcCMPGL1 (ELI17) U-box (E3) Parsley :
or P. sojae
RUB-conjugating ) .
RCE1 Arabidopsis -
enzyme
: : : P. parasiticaor
SGT1 TPR domain Arabidopsis :
powdery mildew
SKP1 SCF subunit Tobacco T.M.V
: : P. parasiticaandP.
SON1 F-box (E3) Arabidopsis ;
syringae
. M. griseaandX.
SPL11 U-box (E3) Rice

oryzaepv oryzae




1.2.4 F-box proteins in defence

Besides huge diversity of E3 ligasesb&x proteins of the E3 ligases are the most
diverse member of E3 ligase colap which makes #ox proteins thdest andidate

as a regulatory element of ubiquitination pathwayook motif was named after the
discovery of Skpl interacting Cyclin F protein (Bai C., et al, 198@ter the
discovery of 40 amino acid conserveeb®&x domain, it was found to be highly
conseved and widespread among eukaryotes. There are about 700 hundred
computationally identified 5ox domain containing proteins Arabidopsis(Xu et al.,

2009) As mentioned above;box protein is a part of SCF tyE3 ligase family and

it binds to Skpl which is interacting with scaffold protein Cull{figure 1.8 A) The
function of Fbox proteins in SCF complex is thought to be recruiting target proteins,
so they are the major determinants of specificity of tretesy.F-box proteins have
multiple functions in SCF complex: (1) it targets phosphorylated substrates for
degradation, (2) it can form dimmers, (3) it is involved on neddylation of Cull and
p53, and (4) gelf is a ubiquitination targétHo etal., 2008)The Ntermini of the F

box prdeins are interacting with Skpl, whereage@nini have substrate recognition
domains like WD40 repeats (WD40), leucine rich repeats (LRRs), Kelch repeats, etc.
(Figure 1.8 BYHo et al., 2008)
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e )  GEmm
— F-box ,l—other moﬁfs}—

(Kelch repeats, CASH.
proline-rich...etc)

Figure 1.8 F-box protein is a component of SCF E3 ligase compleo et al.,
2008) (A) Components of SCF complex. The SCF complex has Culull) as a
saffold protein which interactsitih Skpl at its Nerminus and RING doain protein
(Rbx) at Gterminus. The interaction of Cull with ubiquitin like Nedd8 (Nd8) is
important for ligase activity.(B) Typical types of Fbox proteins. The Fbox domain
is located at N terminus and it interacts with Skpite@ninus domain contas
different domains like WD40, LRR, Kelch repeats etc.

F-box proteins have many diverse functions in plants such as phytohormones
responses, organ formation, self incompatibilftgral development, circadian clock
and defence responsgschner et al., 200q)able 1.2)
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Table 1.2Plant and microbial F-box proteins and their functions (Lechner et al.,
2006)

F-box proteins Motif Substrates Regulation Biological Process

Histone ) )
Coll LRR ? JA signalling
deacetylase?

EBF1l and EBF2 LRR EIN3 ? Ethylene signalling

EID1 Leucinezipper ? ? phyA signalling
LOV/IPAS

ZTL domain& TOC1 Circadian clock

Kelch repeats

LKP2 ? ?

Shoot branching,
MAX2/ORE9 LRR ? ?
Leaf senescence

CEGENDUO - ? ?

SKP2A LRR E2Fc? Phosphorylation  Cell ¢ycle

Host DNA

CLINK LxCxE motif pRB? ? o
replication
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This study addsinotherring to therole of Fbox proteins in plant dehceresponses.
Until now there are three-Box proteins known to plasole in resistance mechanisms.
COI1 (CORONATINE INSENSITIVEl)was identified inArabidopsisand coil
mutants were found to be susceptible to fungal and bacterial path@emsnckx et

al., 1998) COI1 homolog in tomato, known as JA1 has a similar function and mutants
of jal are insensitiveo jasmonic acidwhich also results in hypersusceptibil{lyi et

al., 2004) These are #6ox proteins that are positive regulators of defence responses. A
newly characterized positive regulator-bBx protein was identified in rice.
Overexpression of €DRFL resulted inincreased resistance to M. grisgzao et al.,
2008) F-box proteins also act as a negative regulator in plant pathogen interactions.
The mutant oson1(SUPPRESSOR OF NIM1) showed increased resistanceHo
parasitica (Kim and Delaney, 2002)These results show thatex proteins can either

function as a positive regulator or a negative regulator.

In our studies gene function analysis of a putativeb&x protein in barley against
powdery mildew infection was studigby using BSMV mediatedirus inducedgene
silencing (VIGS) This Fbox gene was found to increase in response to yellow rust
infection (Bozkurt et al., 2007)We functionally charaterized and classified this-F
box protein (HVDRF) in this thesis.
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1.2.5 BSMV mediated VIGS

VIGS dependon sequence homology and occurs when plants are infected with a
virus containing homologous parts to host target d&eelin and Vaucheret, 20Q1)

By activatng post transcriptional gene silencing (PTGS) machinery, plants normally
protect themselves from attacking viruses. This property of plants is utilized as a
powerful reverse genetic tool to silence endogenous plant genes and determine their
function (Pogue et al., 2002)VIGS studies are highly preferred in gene function
studies, because transielencing of a specific genda VIGS can beachievedin a

short time and do not require cell cultuexplants formation, testingtepsetc The
beauty of this system is thiittcan be applied to any plartavingan efficientinfecting

virus and it canbe applied much easier than obtainimgnsgenicmutants VIGS
method is also cost effectiy8hao et al., 2008)

PTGS mechanism is present ithland plants but it igecentlywidely understood in
monocots. Application of VIGS as reverse genetic tool for monocotdimsaapplied

by Holzberg et al., 2001 using barley stripe mosaic iR8MV) (Holzberg et al.,
2002) Since thanBSMV became the virus for silencing in monocdsSMYV is a
tripartite RNA containing virus and can infaoany agriculturally important monocot
species such as barleyyh e a t et c. BSMV virus has U,
silencing of endogenous pl an-genoggneimeitber t he
sense or antisense direction and silencing of the target gene can be obskhday3

after inoculation of trascripts of each genome part of BSMV to the plant. This
techniquewas applied successfully in gene function studies of powdery mildew
resistance genes in barley. They hdiszovered the roles of genes such as Rarl, Sgtl
and Hsp90, which are known to batical genes in plant resistance mechanighsn

et al., 2005)
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1.3 Aim of the dudy

Pathogens that are infecting agriculturally important plants result in loss of millions of
dollars in each year. Understanditige molecular mechanisms underlying resistance
mechanisms are very important in order to develop durable resistance mechanisms,

which might reduce yield loss.

Powdery mildew and yellow rust are pathogens of barley and wheat, respectively;
which are both @nomically very important crop species. These pathogens are causing

dramatic amounts of yield loss in the world dndakey.

In this study we aimed to clarify two different branches of plant microbe interactions.

In the first part, the role of miRNAs jpowdery mildew and yellow rust infection were
studied. miRNAs are regulatory elements controlling expression of other genes.

part of thethesis we tried tainravel putative miRNAs having regulatory roles in
susceptibility or resistance. In order to penh this, we used compatible (avirulent
pathogen race inoculated) and incompatible (virulpathogenrace inoculated
interactions which are resulting disease and resistance phenotypes respectively. By
such a strategy we aimed #&ucidatethe functions ® miRNAs in both of these

pathways.

In the second part of this thesis, we tried to annotate a function to a putatively
identified Fbox protein.F-box proteins are known to play important roles in plant
physiology and responses to biotic and abiotic stfastors. In our cas we performed

a gene level functional studya BSMV mediated VIGS to observe the phenotypic
changes in powdery mildew infected susceptible and resistance silenced barley

cultivars, namely Bulbul and Pallas,0&spectively.
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CHAPTER 2

MATERIALS AND METHODS

2.1 Fungal inoculations

2.1.1 Yellow rust infections

The bread wheat cultivakvoYrl containingYrl resistance gene wased for yellow
rust (also known as stripe rustpuccinia striiformisf. sp.tritici, (Pst)infection. The
plants were grown for 15 dayBhese plants were infected with virulent 169E 186t (
containing aywwR1) and avirulent 232E137 (containing ¥vi) racesof Pst Infections
were made by spreading the spolssusingsmall brushesThe spores that wer
infected were mixed with 1:3 ratio of talk powder, and spores were heat treated for 5
min at 48°C, prior to infectionsFor eachrace mock infections were also performed
with talk powder alone treatmenBathogen treateglants were kept al0 °C at
extreme humidity for 24 hours without light. Following dark incubation period, plants
were kept at 17C, 16 hours day and 8 hours night conditiémsinfections to take
place The samples were collected at 6, 12, 24d 48 hours post infection (hpi) and
stored at-80°C.
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2.1.2 Powdery mildew infections

Barley cultivars, Bulbul (universal susceptible), PallasO1 (containingMlal resistance
gene) and Pallas03 (containing Mla6 resistance gene) were used for powdery, mildew
Blumeria graminid. sp. hordg (Bgh) infections.The plants were grown for 10 days,
prior to experimentsBghl03 (containing avrMlal) is used for HVDRF silencing
infections. Bgh95 (containing avrMla6) and Bgh103 (containing avrMlal) strains were
used for the infections required forRINA analysis experiments. Plant leaves were
plated on 15 % agar plates containing 1% benzimidazole. Agar plates were kept at 60
% humidity for 16 hours light and 8 hours dar&riod over 1015 days For HYDRF
silencing experiments, samples were colle@ed stored 10 dayafter infection (dai)

and 12dai, and stored ai80°C.

On the other handpf miRNA analysis, time point samples were collected 6, 12, 24
and 48 hpi. and stored &0 °C.

Table 2.1 Summary of plants and pathogens used in this thesi

Pathogen race | Time point

Plant | Cultivar : : Experiment
used for infection| samples
Bulbul | Bghl103 10,12 dai HvDREF silencing
Pallas01| Bgh103 10,12 dai HvDRF silencing
Barley .| miRNA microarray and
Bgh95 6, 12, 24, 48 hpi GRT-PCR analysis
Pallas03
.| miRNA microarray and
Bgh103 6, 12, 24, 48 hpi GRT-PCR analysis
.| miRNA microarray and
232E137 6, 12, 24, 48 hpi GRT-PCR analysis
Wheat | AvoYrl
169E136 6, 12, 24, 48 hpi miRNA microarray and

gRT-PCR analysis
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2.2 RNA isolation from plant leaf tissue

For miRNA expression profiling, expression level determination by /R, and

HVDREF silencing experiments total RNA isolation was performed.

Total RNAs from wheat and barley were isolata Trizol® reagent (Invitrogen, CA,

USA) according to the procedure suggedy the manufacturer. Total RNA samples
were isolated from infected and mock treated time point samples of wheat and barley.
Firstly, leaf tissueqapproximately 100 mgyvere powderedn liquid nitrogen in a
ice-cold mortarby grinding with a pestléd?rowdered tissues weteansferred by spatula

into 2 mL Eppendorttubes containing InL Trizol reagent per 100 mg leaf tissde
collectedsamples that were homogenizedrnzol, were kept at room temperature for
5-10 minutesChloroform (0.2 mL) was addd per 1mL Trizol used, and tubes were
shaken vigorously for 220 seconds followed by incubation at room temperature for 5
minutes. Then, tubes were centrifuged at 15300 rpm fomir® at 4 °C. After
centrifugation RNA remains in the upper aqueous phabeh was transferred to a

new sterileEppendorftube. 0.5mL ice-cold isopropyl alcohol was used permiL

Trizol used for precipitation of RNA. Tubes were incubated fornii@ at room
temperature and centrifuged at 15300 rpm fomiif at 4 °C. After centifugation

pellets were visible on the bottom of the tubes. Upper phase was removed and RNA
precipitate was washeaxhcewith 75 % icecold ethanolThesamples were centrifuged

at 10000 rpm for @nin at4 °C. The upper phase was decanted and pellets dvie

for 5-10 min. Finallythe dried pellets were dissolved by adding8DuL PCR grade
sterile water and incubating at 8@ for 5 min. The suspended RNA samples were

either immediately used or stored-&0°C
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2.3. Characterization of isolated RNA

The isolated RNA samplél pL) was used for concentration determination, using
NanoDrop ND1000 spectrophotometefhe integrity of isolated RNA samples was
observed on 2 % agarose gels by loading pL of the sample.For RNA gé
electrophoresis 1X Pholsate Riffer (prepared by combining 13.9 g sodium phosphate
monobasic with 500nL dH,0) were used and renewed at every rAlh during
electrophoresis. fle sampleintactness was analyzed by Agilent 2100 Bioanalyzer
using NanoChip syste(®067.1511)

2.4 Preparation of isolated RNAs for microarray analysis

The isolated total RNA$5-8 ug) from time point samples (6, 12, 24 and 48 hpi) of
powdery mildew infected and mock treated barley and yellow rust infected and mock
treated wheafTable 2.1)were precipitagd with 1/3 volumes of 3M NaOA(H 5),

and 10 volumes of absolute ethanol. Yellow rust infected wheat total RNAs were
bulked by combining equal amount of RNA from each time point for infected and
mock treated samples. Powdery mildew infected and moctetteamples were sent
separatelyfor miRNA microarray analysis to LC sciencg3ontrol 6, 12, 24, 48 hpi;
Bgh95 inf. 6, 12, 24, 48 hpi; Bgh103 inf. 6, 12, 24, 48 hpi).
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2.5 miRNA expression profiling

MiRNA expression profiling experiments were catraut by LC Sciences, USA. The
microarray used for analysis included all the miRNAs found in Sanger miRBase

Release 9.2 hftp://www.sanger.ac.uk/Software/Rfam/mimaViultiple control probes

are included in each chip. The control probes are used for quality controls of chip
production, sample labeling and assay conditions. Among the control probes,
PUC2PM20B and PUC2MM20B are the perfect match and sinblsed match
detection probes, respecatly, of a 20mer RNA positive control sequence that is
spiked into the RNA samples before labeling. One may assess assay stringency from
the intensity ratio of PUC2PMO0OB and PUC2MM20B, which is normally larger than

30. When the option for custom prolssselected, custom probes are also included.
The images are displayed in pseudo colors so as to expand visual dynamic range. In
the Cy3 and Cy5 intensity images, as signal intensity increases from 1 to 65,535 the
corresponding color changes from blue teean, to yellow, and to red. In the Cy3/Cy5

ratio image, when Cy3 level is higher than Cy5 level the color is green; when Cy3
level is equal to Cy5 level the color is yellow; and when Cy5 level is higher than Cy3

level the color is red.

2.6 First strand cDNA synthesis

Prior to first strand cDNA synthesis isolated total RNA samples were DNase treated
and purified for gRTPCR experiments. For DNase treatmentlbQug total RNA was
mixed with 1 U Turbo DNase (Ambion, USA) and incubated af@7or 15 min.
DNase was heat inactivated by incubation af@%or 15 min. for purification of total
RNA, lithium chloride was used. In order to purify the total RNA samples, 20 uL total
RNA, 20 pL sterile water, and 20 pL lithium chloride (7.5 M) was mixed iteale
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Eppendorf tube and the tubes were incubateel@fC overnight. After overnight
incubation, tubes were centrifuged at 15300 rpm € for 15 min. the supernatant

was removed by pipetting and the pellets were washed with 70 @oltesthanol.
Finally, samples were centrifuged at 15300 rpm & for 10 min and supernatant was
decanted. The remaining pellets were dried for 5 min and resuspended in 15 pL sterile

water. These cleaned total RNA samples were used folR{ER experiments.

Superscriptll reverse trascriptase method was used faosfistrand cDNA synthesis.
For cDNA synthesis 50 pmol oligo éj isolated total RNA (500 ngnyg), 0.1 mM
dNTP mix (Fermentas, USAwere mixed in a steril&ppendorftube and the volume
was completed to 1@L. The mixture was incubated at 85 for 5min and quickly
transferred to ice for ghin incubation.4 pL 5X first strand buffer, uL 0.1M DTT, 1

puL 40 U RNase inhibitorlfivitrogenCA, USA) were added to the mixture on ice. The
tubes were mixed and spigah briefly, followed by incubation at 5@ for 2 min.
Finally 200 U of SuperScript M (InvitrogenCA, USA) reverse transcriptase enzyme
was added and the tubes were incubated afGCfor 90 min. The enzyme was

inactivated byl5 min incubation at 76C.

2.7 Expression level analysis by gqRIPCR

The expression level determination of putative miRNA targets in infected and mock
treated samples and HVDRF silenced anmpty vectoBSMV:00) and mock treated
samples were determined by Stratagene Mx3005pRgB@stem using the Brilliant
SYBR Green qPCR Master mix (Stratagene, Cat no: 6006548) Table 2.1)gRT-

PCR experiments were carried out as triple replicated for leabbgical sample. The
amount of RNA in each sample was normalized with 18S rRNA psirf¥t6077.1).

The sequences of the primers &&S Fwd5 G TTGACTCAACACGGGGAAA3 6

and 18S Rev5 ®€€CAGACAA ATCGCTCCACCAA3 dargeting 200 base pairshe
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PCR conditions in all RT-PCR experiments were 96 10 min for one cycle; 98C
30 sec, 53C 30 sec ad 72°C 45 sedor 40 cycles.

2.7.1 Expression level determination of putative miRNA targets

The expression levels of two putative miRNA targets in wheat were determined,
MYB3 as the target of miR159/RB19 family microRNAs and WHAPWHAPG6 as

the taget of miR169.The primers used faxmplification of these targets are given in

Table 2.2The data were analyzed Byf af f | 6 s model usiPfafl t hr es
and Meyer, 2006)The expression levels were determined by comparing thal@es

of mock treated samples with infected samplese Table 2.1)According to Pfaffl

modelCt value diferences betweemock treated infected samples correspon?'{m

= Ct value difference) fold expression level difference.

The expression levels of five putative miRNA targets in barley were determined,
Cellulose synthase as the target of miR39§)M as the target of mMiR39GAMYB

as the target of miR159, DNAJ like protein as the target of miR1436 and MAP Kinase
2 as the target of miR164. The primers usedafoplification of these targets are given

in Table 2.2 Ct values of mock treated samples &veompared with infected samples
for data analysiaccording to Pfaffl model (see Table 2.1)
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Table 2.2 Primers used for miRNA gRT-PCR experiments.

Accession . . Product
Gene Primer name Primer Sequence
number length
Myb Myb Fwd 5 &£ACCATTTGGGGGTACACTTF3 6
transcription TC194473 180
factor Myb Rev 5 GTCACTGACGGAGTTGCTGT3 6
WHAPA- TC223902 Whap Fwd 5 AGTGTCCGGGATGAGTGAAG3 6
WHAPG6 193
:;i’:src”p“o” TC208778 | Whap Rev 5 ATATGGCGAAGGGATGAGTG3 6
5 &CTTTTTAAATGGCACCTTC-3 6
GAMyb Fwd
GAMyb TC147900 5 @GACTGCATGTACGGATCAAG3 6 185
GAMyb Rev
Cellulose Cell s. Fwd 5 AGAAAGGTTCCCATTCCTTG3 6
svnthase TC139386 196
Y Cell s. Rev 5 §GTCGAACCTCAATGTCAAG3 6
Hsp90 Fwd 5 ACTCCACCAAGAGTGGTGAT3 6
Hsp90 TC131381 190
Hsp90 Rev 5 @GACCTCATAGCCCTTCTTG3 6
DNA J Fwd R
DNA J proin TC130805 5 AGGATGTTGTCCATCCACTT3 6 177
DNA J Rev 5 €ACCTGCTGTATCATGGAAG3 6
MAPK Fwd 5 &TGCCTTCGTATCCCTCAT3 6
MAP kinase 2 TC139947 182
MAPK Rev 5 AGTAGTGCTTGCCATGGTTT3 6
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2.8 BSMV mediated virus induced gene silencing

BSMV (barkey stripe mosaic virusy ect or s p U, pbopba, po and
p o . b RlirSehse were obtained from Large Scale Biology Corporation. The maps
of the vectors are given in Figure 2.The sequences of plasmids are given in

Appendix A
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Figure 2.1 Genomic organization of BSMV (Holzberg et al., 2002)Map of
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2.8.1 Silencing of HYDRF gene in barley

2.81.1 Amplification of HYDRF gene from barley cDNA

The full length of HYDRF(FJ913272)gene was obtained in Akkaya laboratory in
previous studies. To silence HVDRF gene, a fragment in the 3° UTR (untraslated
region) is amplified from barley cDNA. Amplifitemn was performed by forward and
reverse primers having Notl and Pacl restriction sites at the ends, respectively. The
sequences of the primers werddvDRF Fwd 5-_ ATAGCGGCCGC
CAAATTAGACCTTTCA-3 6and HVDRF Rev 5-ATATTAATTAA GACCCA
ACCATATCTCAC-3 6 ( A Tence satetije beginning of primease needed for

activity of restriction enzymesrThe restriction sites are highlighted). For amplifying

HvDRF fragment, touchdown extension PCR was performed. The PCR conditions
were 94°C 2 min for one cycle; 94°C 1 minQ®C 1 min, 72°C 1 min for 1 cycle; 94°C

1 min, 59°C 1 min, 72°C 1 min for 1 cycle; 94°C 1 min, 58°C 1 min, 72°C 1 min for 1
cycle; 94°C 1 min, 57°C 1 min, 72°C 1 min for 1 cycle and 94°C 1 min, 56°C 1 min,
72°C 1 min for 35 cycles. The PGRmponents wer2 pL 1/20 diluted barley cDNA,

5uL 10 X PCR buffer Eermentas, USA 1 uL 10 mM dNTP mix Fermentas, USA

1,5 mM MgC} (Fermentas, USA 0.4puL 5 U TaqPolymeraseKermentas, USA 10

pmol forward primer and 10 pmol reverse primers. Final PCR volumeaapleted

to 50uL with PCR water.

Amplified products were analyzed on 1 % agarose @8.dp amplification products
from several PCRs wegel purified and ligated into pGEMEasy vector for further

cloning experiments and sequencing.

42



2.8.1.2 Gel exraction of amplified HYDRF fragments

Gel extraction was made according to Qiagen, Qiaquick Gel Extraction Protocol. The
amplified fragments that are in correct length (185 bp) were excised with a clean
scalpel and weighed. Buffer QG (3 volumes) were ddukr one volume gel and the
content was incubated at 8G for 10 min, until all the agarose was dissolved. 1 gel
volume isopropanol was added to the dissolved agarose mix and the solution was
transferred to QIAquick columns which was followed by 1 mintgigation at 210000

g. flow-through was discarded and 0.75 mL Buffer PE was added-thl@ngh was
discarded and columns were centrifuged one more time for 1 min at 10000 g. For
eluting DNA 50 uL Buffer EB was added, and centrifuged at 10000 g forr, after

3 min of incubation at room temperature.

2.8.1.3 Ligation of Engineered HVDRF gene fragments into pPGEMTEasy vector

Amplified PCR products havinflotl and Pad cut sites at the ends were ligated by
following reaction componerg: 5 ng pGEMTEasy vector (PromegaUSA), 1X
Ligation Buffer (PromegaUSA), 2 U of T, DNA Ligase (PromegaUSA), 6 uL of

PCR product. Ligation mixture was briefly spinned and incubated overnightat 4
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2.8.1.4 Transformation of pGEMTe-HVDRF into E. coli

Prior © transformation E. coli DH5 U cel | wer e mad e compe
competent cells a single bacterial colony was incubated nmL2.B medium (5 g

Tryptone, 2.5 g NaCl, and 2.5 yeast extract dissolved in 500 mL distilled vaaier)

grown overnight at 3T with shaking at 250 rpmOvernight grown bacteria were
transferred to ice for 3@in. Thenthecells were centrifugated at 4000 rpm for 10 min.
Supernatant was decanted ahe cells were resuspended inmL ice-cold 4 mM

CaClb. After the first resuspensiadheywere again centnifiged at 4000 rpm for 5 min

and resuspended inrdL ice-cold 4mM CaC}. The last step is repeated for one more

time. This procedure makes the cells competent and they can be used for

transformation up to two weeks.

These competent cells were transformgdhe ligation product (0 GEMTF&HVDRF).

10 uL of ligation reaction was mixed with 100L of competent cells in a sterile
Eppendorftube. The mixture was incubated on ice for 30 min. then heat shock was
applied for 45 sec. at 4. After heat shock the miure was transferred to ice
without shaking and incubated for 2 mifhe volume was completed to 2pQ by
addition of LB medium. This mixture was spreadedagar plates containing 1ug/1L
ampicilin and grown overnight at 3TC. A day later the coloniesthat grew on the

plates were analyzed with colony PCR to confirm transformation.
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2.8.1.5 Colony PCR of pGEMTe-HVDRF containing E. coli cells

The positive colonies that grew on ampicilin containingddgar, were used in colony
PCR experiments as tetapes. Since #0x genes are unique to eukaryotedyol
primers that were used for constructing silencing vectors were used to confirm
transformation. Thermal conditions of colony PCR were: 3 min at 94°C for one cycle;
1 min at 94°C, 1 min at 53°C and JInmat 72°C for 35 cycles and 5 min at 72°C. The
PCRcomponerg were 1 loop of colony, dL 10 mM dNTP mix Fermentas, USA 5

ML 10X PCR buffer Eermentas, USA 1.5mM MgCl,, 0.4puL 5 U TaqPolymerase
(Fermentas, USA 1 uL forward primer and UL reverseprimer. The final volume

was completed to 5QiL by adding PCR waterThe colony PCR productsvere

analyzed at 1 % agarose gel.

2.8.1.6 Plasmid isolation from selected colonies

Plasmids were isolated using QIAGEN QIAprep Spin Miniprep Kit (Cat no: 27104
according to the manufacturers protochihe positive colonies were grown in L
LB-ampicilline (Lug/1L)for overnight at 37C with shaking at 250 rpm. These cultures
were harvested by centrifugatidor 2 min at 14000 rpm.The supernatant was
decantecand 250uL Buffer P1(RNase adde@00 ug/mL))was added onto the pellet.
The mixture was vortexed until no visible cell delwassobservableThen the mixture

in Falcontubes were transferred to sterigpendorftubes. 250uL Buffer P2 was
added and theontentwas mixed by inverting-80 times. After Smin of incubation at
room temperature Buffer N3 was added and the solution was egeed by inverting
5-10 times, whicHollowed by centrifugation at 14000rpm for 10 min. The supernatant
was transferredo a spin column which was placed in a collection tube. Then the

solution wascentrifugated for 1 min at 14000 rpm. Flow through was discarded and
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spin column were washed with 7hQ Buffer PE. To removéhe residual PE buffer,
spin column was washed fone moreime by centrifugationat 14000 rpm for 1 min.
Then the column was transferred to a new stefipendorftube. To elute the
plasmids that were remained in the spin columnpBElution Buffer was added and
the column was incubated at room tenagpere for 3 min. Then plasnsdwere

collected by centrifugatioat 14000 rpm for 1 m, into fresh tubes.

2.8.1.7 Ligation of HYDRF fragment 9 v e i semge and antisense direction

ThepGEMTefHv DRF-PDB4 ant i sRDB4&senseaptasmidp were double

digested with Notl and Pacl restriction enzymes. Double digestions were performed by
incubation of the digestion mixture at 37°C fohdurs. The mixture contained 10

Notl and Pad, 1X NEB2 Buffer and 3 ug of plasmids. The digestion products were
analyzed by running on 1 % aqdarnceeasgelandl
sense vectors were gel purified. Purified HYDRF fragment vgggeldl with vectors

Ligation was performed as ire&tion 2.8.1.2. Ligation products were transformed into
competen€. colias in &ction 2.8.1.3. Positive colonies were selected and confirmed

by colony PCRHa®RFnNs 2 nl8vORFadtidaseplasmids were

isolated as in &ction 2.8.1.5.

2.8.1.8 Linearization of BSMV vectors

Plasmids,pPgp phgbapo. f HyDRF were digested
to in vitro transcription. For linearization @f Wvas digested wittvliul enzyme KIBI

fermentay p b pfvas digested witiSpel enzyme (MBI fermentas) and po2 an
po. fHvVDRF wer BssHli eheyseé @ew EwglahdhBiolabslor each
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digestion 10 U restriction enzyme, 1X enzyme buffer, and 1plagmid DNAwere

mixed in a sterile gpendorf tube. The volume was completed to 50 uL, by adding
sterile wat erp.bplubes were ipclbated mtd3C and po and
po. fHvVvDRF tubes Wefore3 h.afiec indobatior the linetirizalioh
products were observed in 1 % agargst and the linearized plasmids were gel

purified as in 2.8.1.2.

2.8.1.9In vitro Transcription of | inearized Vectors

All of the linearized plasmids weie vitro transcribed according to the manufacturer's
protocol, mMessage mMachine Tin vitro transcription kit (cat no: 1340, Ambion,
Austin, TX). For one reaction, 80 ng linearized plasmid, 1X Buffer (Ambion, USA),
1X nucleotide mix with NTP Cap (Ambion, USA), 0.15 pL T7 RNA polymerase mix
(Ambion, USA) were mixed in a sterile Eppendorf tube. Thlewme was completed to

1.5 pL and the content was incubated at@7or 2 hours.

2.8.1.10Inoculation of plants with BSMV transcripts

Second leaves of iflay old Bulbul and PallasO1 barley plants were inoculated with

the transcripts. Transcripts ofadsaBSMV RNA were mixed in 1:1:1 ratio (1.5 pg of

each transcript)ror mock treatment, only FES was spreaded onto leaves. For emptye
vector control (BSMV: 00) po was mixed wit
po: HvDRF was mi x e dlramscriptimix was mieed with dcpi. BESS .

((50 ml 10X GP (18.77 g Gtme, 26.13 g KHPO,, ddH,0 upto 500 ml, autoclave 20

min), 2.5 g Sodium pyrophosphate, 2.5 g Bentonite, 2.5 g Celite and) dgiHo 250

ml (Pogue et al., 1998)and directly applied to the leaves, starting from the bottom of
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the leaves. The viral sympts (stripes) were apperant 10 days after inoculation. For
determination of silencing level by gRACR, silenced leaf samples were collected 14
days after inoculationfotal RNA was isolated from these leaves a2.thand cleaned

as in 2.6.10 days afternoculation of transcripts plant leaves were transferred to agar
plates and infected with Bgh103.

2.8.1.11 Trypan blue staining of fungi inoculated silenced and unsilenced plants

Trypan blue staining is used for determination of fungal structures. 10 after
Bgh103 infection silenced and unsilenced Bulbul and Pallas01 plants were observed
after trypan blue staining. Trypan blue staining was performed by boiling plant leaf
samples in lactophenol typ&20 ml of ethanol, 10 ml of phenol, 10 ml of wat&®, ml

of lactic acid (83%), and 10 mg of trypan blder 2 min, and decolorization with
chloral hydrate (2.5 g chloral hydrate dissolved in 1 L water) by incubating overnight.

The stained sampavere oberved under light microscope, Leica, DFC 280.

2.8.1.12 Expression level determination of HvDRF

The total RNA isolation and first strand cDNA synthesis was performed as in 2.2 and
2.6 respectivelyThe silencing was quantified by comparing the expression level of
HvDRF fragment in sénced and control samples (BSMV:00 treated and FES treated).
For HvDRF expression level determination the priméssDRF Fwd 5-0
GACCCAACCATATCTCAC-3 6 a n dT,@ére ugeal.
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CHAPTER 3

RESULTS AND DISCUSSION

3.1 Investigating the role of microRNAsin plant-pathogen nteractions

mMiRNAs are found to be playing important roles in plamt¢robe interactions (Figure
1.4). Besides bacterial infections, in order to investigate the role of miRNAs in plant
fungal interactions, microarragxpressiorprofiling followed by gqRTPCR analysisof
AvoYrl wheat plants, inoculated with avirulent (232E137) and virulent (169E136)
strains ofPuccinia striiformisf. sp. tritici (Pst)and Pallas01 barley plants, intated

with avirulent Bgh95 andirulent Bgh103 strainsfaBlumeria graminisf. sp.hordei

(Bgh) was performed.

3.1.1 MicroRNAs in yellow rust-wheat pathosystem

For yellow rustwheat pathosysterAvoYrl plants were infected with avirulemand
virulent Pst strains and time point samples after infection were collettede time
point samples were used for miRNA profiling and expression level determination of

putative miRNA targets.
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3.1.1.1 Total RNA isolation from AvoYrl wheat plants infected with virulent and

avirulent Pstraces

Total RNA was isated from tine point samples (612, 24, and 48 hours post
inoculation (hpi)) ofAvoYrl wheat plants inoculated with avirulent (232E137) and
virulent (169E136) strains of Pst. These RNA samples westedfor intactness
(Figure 3.1).
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Figure 3.1 Characterizatiorof RNAs isolated from time point samplesRdtinfected

AvoYrl plants on Agilent Bioanalyzer 2100.
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Isolated total RNA samples have four bands (23 S rRNA, 18 S rRN&,rRINA, 5 S
rRNA) and no smear which are chateristics of an intact plant total RNAeaning

these RNAs can be used for further experiments.

3.1.1.2 miRNA expression profiling of yellow rust infected wheats

After confirming that isolated total RNAs are intact, they were prepared for LC
Sciences MicroRNA Expression Profiling Serviae aescribed in 2.2There are only

32 miRNAs annotatedin miRBase forwheat. However since plant miRNAs are
highly conserved, performing such a microarray analysis might give us important clues
about wheayellow rust pathosystem. The samples were labeléd @y3 and Cy5

and thecolor was changed with changing intensity (Figure 3T2)e control probes

were appearing as the most intense bands on the arrays.

The data wasanalyzedwith student s-test for enabling comparison of compatible and
incompatible mteractions. Student stéstresulted inabout 80 miRNAs differentially

expressed in yellow rust infected wheat pldifisble 3.1 Appendix C)

51



A1)

=< =
: s
= =
£ 2
g c
3 8
[&] ®
=1 -l
- =

-
-
©°
=
8
[®]
-|=
e
e

4 L@ Cbntrol
14 L& tbntrol
§ § LO Cbntrol

Custom Sequence =

-
- -

232E137 inf. bulk Mock treated Cy3/Cy5

Custom Sequence

Figure 3.2 miRNA expression profile of in Pst infected AvoYrl plants. The
microarray chip containedall the plant miRNAs found in miRBase 9.2

(http://www.sanger.ac.uk/Software/Rfam/minain each chip there are multiple

control probes and all chips are controlled with these probes for chlppygqsample
labeling and assay production. Samples are labeled with Cy3 and Cy5 fluorophores
and differential expression can be understood by colour changes in the array images.
The colors of the fluorophores change with intensity. When Cy3 labeled esdragl
higher level than Cy5 labeled sample the color is green, for the reverse case the color is

red, when they have equal levels the color is yellow.

52


http://www.sanger.ac.uk/Software/Rfam/mirna/

Table 3.1 Student’s test results of miRNA >gression profilingof yellow rust
infected wheat The resuk are average signal ratios of avirulent (232E137) and
virulent (169E136) Pst infecte&voYrl wheat plants.

miRNA 1D 232E137 infected 169E136 infected

samples’s signal sample’s signal

Ath-miR169a 888 599
SofmiR159e 3,159 4,690

Ath-miR169h 1,004 696

Ptc-miR1690 952 645

Ptc-miR159f 1,684 3,341

Osa-miR159f 18,750 17,070

Zma-miR162 25 0

OsamiR393b 1,947 1,635

Shi-miR164c 2,575 2,156

Osa-miR396d 15,672 13,981

Ptc-miR395a 18 3

SofmiR168b 13,392 11,805

Ath-miR169d 976 752
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Table 3.1 cont’d

OsamiR395b 114 63

Sbi-miR172a 51 22

Ath-miR823 32 61

Ath-miR156h 281 561

Ppt-miR1219a 35 15

Mtr -miR395a 115 60

[(BmRszel T ]
OsamiR169e 942 754

[SohmRisea e s ]
Ath-miR826 23 44

[(AfmRssse s ]
SofmiR408e 25 4

[SprmRITLE A
Ppt-miR319a 5,203 6,249

N
H
N
o

Ath-miR834

Ptc-miR166p 225 327

OsamiR166k 987 843

Ath-miR157d 195 341

Ptc-miR156k 2,579 3,129

Ath-miR395a 66 40
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Table 3.1 cont’d

Ptc-miR169s
Ath-miR825
Ath-miR827
OsamiR395¢c
Bna-miR393
Ptc-miR169a
Ath-miR853
OsamiR159d
Ath-miR157a
OsamiR441a
Ptc-miR474c
OsamiR435
Gma-miR156b
Ath-miR400
OsamiR169d
Ath-miR830
OsamiR3950
Ath-miR395b
OsamiR807a

846

15

42

70
2,092
49

12
12,474
279

54
28
2,882
20
41
27
71
69
20

701
35

196
36
1,901
96

31
11,763
410
28

33

45
3,368
46

92

55

32

45

The abbregiations at the beginning of each miRNA are suffixes of plants: Atabidopsis thaliana
Osa:Oryza sativa Ptc: Populus tricocarpaBna: Brassca napus Gma: Glycine max Mtr: Medicago
truncatulg Sof: Saccharum officinarumSbi: Sorghum bicolor Ppt: Physcomitrella patensZma: Zea

mays

The microarray results showed that miRNA expression levels were changing upon

pathogen infection and thayay have pivotal roles in plant disease responses. An

increase in MIRNA level might result in a decrease in its target and that miRNA might

play a role in either susceptibility or resistance responses. In order to hypothesize a

model the target of differd¢ially expressed miRNAs weilavestigated Plant miRNAs

show high complementarities to their targets, which enable the identification of



possible miRNA targets using BLAST based bioinformatic tools. For this purpose we

used Plant miRNA Target Finderht{p://bioinfo3.noble.org/psRNATarggt/and

identified the possible targets of these miRNAs in wheat genome (TAGI Release 9).

The analysis resulted in at least one target in 27 of 80 miRNAs (Table 3laylimgc

MAPK proteins, WHAP type transcription factors, MYB3 transcription factor etc.

MAP kinases are well known regulatory elements of plant physiolblishra et al.,

2006; Zhang et al., 200@)nd stress responsagainst abiotic and biotic stress factors

(Wrzaczek and Hirt, 2001; Yu and Tang, 2Q08)BY transcription factors and

WHAPA4/6 transcription factors are also playing important regulatory roles especially

in biotic dress responsggulgem, 2005; Du et al., 2009)

Table 3.2 Identified targets of differentially expressed miRNAs in yellow rust

infected AvoYrl plants. The targets were identifiedy usi ng API

Finder o.

miRNA ID

mMiRNA Targets

Ath-miR169b

Ath-miR169a

SofmiR159e

Ath-miR169h

Ptc-miR1690

OsamiR164d

CCAAT-box transcription
factor complex WHAP4

CCAAT-box transcription
factor complex WHAP4

Cytosolc aldehyde

dehydrogenase

CCAAT-box transcription
factor complex WHAP4

CCAAT-box transcription
factor complex WHAP4

MAP kinase2

CCAAT-box transcription
factor complex WHAP6

CCAAT-box transcription
factor complex WHAPG6

CCAAT-box transcription
factor complex WHAP6

CCAAT-box transcription
factor complex WHAP6
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Table 3.2 Cont’d

OsamiR159f Transcription factor Myb3

OsamiR164c MAP kinase 2

CCAAT-box transcription CCAAT-box transcription
factor complex WHAP4 factor complex WHAP6

Ath-miR169d

OsamiR164e MAP kinase 2

Ppt-miR319a Transcription factor Myb3

Gma-miR319a Transcription factor Myb3

Ath-miR395a Gammagliadin Ribosomal protein L19

Ath-miR827 RAB1Y
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Ath-miR853 Glycoprotein
Table 3.2 Cont'd
OsamiR159d Lipid transfer protein Transcription factor Myb3

) Trypsin/alphaamylase inhibitor ) ]
Ath-miR157a 60S ribosomal protein L18a
CMX1/CMX3 precursor
CCAAT-box transcription CCAAT-box transcription

factor complex WHAP4 factor complex WHAP6

OsamiR169d

The abbregiations at the beginning of each miRNA are suffixes of plants: Athbidopsis thaliana
Osa:Oryza sativa Ptc: Populus tricocarpaBna: Brassica napusGma: Glycine max Mtr: Medicago
truncatulg Sof: Saccharum officinarumShbi: Sorghum bicolar Ppt: Physcomitrella patensZma: Zea
mays

The targets identified by the bioinformatic software are compatible with the general
nature of mMIRNA effect. miRNAs generally control transcription factors whichrabnt
expression of other genes. So these targets may have important roles in resistance to
yellow rust infection. Since miRNAs generally lead to cleavage of their targets, the

~

l evel s of fAin silicoo hyeRT-PCRMi ned targets

3.1.1.3 Expression level determimtion of possible miRNA targets

To determine the levels of targets, first of all, infected and control RNAs are cleaned
and treated with DNase to prevent any DNA contamination. Then cDNA is
synthesized fronmock treated and time poinammples of both virulent and avirulent
spore inoculateddvoYrl wheat plants. These cDNAs are normalized by udi8g

rRNA gene specific primers and three technical repeats are performed for each
biological sample (Figure 3.4)18S rRNA gene is constitutivelexpressed in plants

and found to be a suitable internal control for gRTIR experimentg§Bozkurt et al.,
2007)
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First, the normalization primers acentrolled by looking at their dissociation curves.
In order to be able to use these primers, they should have only one peak in their
dissociation curvesvhich means primers are not forming dimers with each other and

amplify only a unique site in barley wheat genomé-igure 3.3).

Fluorescence (-R'(T])

58 &0 62 64 65 6 n 72 74 7 % 80 B3 84 £ 3% a0 a 94
Temperature (°C)

Figure 3.3 The dissociation curve of 88rRNA primers.Dissociation curves of the
primers in time point samples of 232E137 infected, 169E136 infected and mock

treated samples.
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Figure 3.4 Amplification plot of yellow rust infected and mock treated samples.
Normalization of 232E137 infected, 169E136 infected and mock treated time point
samples (6, 12, 24, 48 hpi) of each group.

The time point samples of 232E137 infected, 169E136 infected and mock treated
plants after normalization reactionshe expression levels of putativeiRNA target
geneswered et er mi ned . There are 27iiPlat mgeA s det
Target Finded. The two most important ones were selected for-§RR experiments:

MYB3 transcription factor which is the putative target of miR159/miR319 family
microRNAs and WHAP4/WHAPG transcription factor which is the target of miR169

family microRNAs. These genes are found to play important roles in plant pathogen
interactions(Asselbergh et al., 200&nd in this study a new control circuit for their
expressioncontroled by miRNAs in wheatyellow rust interactionare tried to be

investigated.
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Figure 3.5 Expressionlevel of MYB3 transcription factor at time point samples of
232E137 infected, 169E136 infected and mock treAiexlrl wheat plantsAverage
values of 3 technical repeats wereen.

Table 3.3 Expressionevel changes of MYB3 transcription factor in compatible and

incompatible interactio® decrease-: increaseN.C: No change)

Pathogen 6 hpi 12 hpi 24 hpi 48 hpi

232E137
(avirulent) 3= N.C 41® N.C

infected

169E136
(virulent) N.C 2.3® 5® 3.6®

infected
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MYB3 transcription factor level is found to be decreasing after 12 hpi in virulent spore
inoculated plants, which might mean that pathogen is suppressing MYB3 transcription
factor in order to colonize on the plant. On the other hand there is not such a regular

pattern observed in avirulent spore inoculated plants (Figure 3.5) (Table 3.3).
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Figure 3.6 Expressiorevel of WHAP4/6 transcription factor in time posamples of
232E137 infected, 169E136 infected and mock treAiaxlrl wheat plantsAverage

values of 3 technical repeats weieen.
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Table 3.4 Expressionevel changes of WHAP4/6 transcription factor in compatible

and incompatible interactig®: decrease-: increaseN C: No change)

Pathogen 6 hpi 12 hpi 24 hpi 48 hpi

232E137
(avirulent) NC 4® 8® 2®

infected

169E136
(virulent) NC NC NC NC
infected

WHAPA4/6 transcription factor does not change in susceptible condition. However it is
decreasing in resistance condition aft®rt@i. It seems that WHAP4/6 transcription

factor is suppressed for activating disease resistance responses (Figure 3.6) (Table 3.4).

3.1.1.4 Identification of putative miRNAs via expression profilingin yellow rust

To search for possible miRNAs in pathogen itself, total RNAs of two different spores
were isolated; quality checked and sent for miRNA microarray analysis. Interestingly
there were some miRNAs givinlgybridizationsignak in yellow rust spores @ble

3.5) (Appendix C)
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Table 3.5miRNA microarrayanalysis results of yellow rust spores. The analysis in
spores R41 and R67 gave 7 miRNAs belonging to two famif#s. Arabidopsis

thaliana Ptc:Populus tricocarpa

miRNA ID R41 R67
Ath-miR854a 1153.12 2452.53
Ath-miR854b 1228 2564.68
Ath-miR854c 1193.21 2664.11
Ath-miR854d 1301.77 2599.15
Ptc-miR474a 10930.07 7394.63
Ptc-miR474b 10788.46 6435.4
Ptc-miR474c 10895.23 6830.56

In plants resistance pathways are discovered to have duoitiarsplayers between
different plant species. So, in order to generalize the hypothesis that is established in
yellow rustwheat interaction, another pathosystem, powdery midasey, was

investigated.

3.1.2 MicroRNAs in powdery mildew-barley pathosystem

3.1.2.1 Total RNA isolation from Pallas03 barleyplants infected with virulent

and avirulent Bgh races

As in the yellow rustvheat system, Pallas03 barley plants were infected with avirulent
(Bgh95), and virulent (Bghl103) strains &lumeria graminis.Total RNAs were
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isolated from time poinsamples (6, 12, 24, and 48 hmf both compatible and

incompatible interactiamand checked for integrity and quality (Figure 3.7).

Control 12 hpi
B95 12 hpi
B103 12 hpi
Control 24 hpi
B95 24 hpi
B103 24 hpi
Control 48 hpi
B95 48 hpi
B103 48 hpi

a
=
©
°
=]
c
[S]
O

B95 6 hpi
B1036 hpi

Figure 3.7 Characterizationof RNAs isolated from mock treated, and infecte

Pallas01 plants.

3.1.2.2 miRNA expression profiling of powdery mildew infected barleys

After being satisfied by the quality of RNAs isolated from tipwénts ofboth infected

and mock treated barlsamplesthey were sent to LC Sciences CompanynidRNA
Expression profiling. Each time points were sent to analysis separately, meaning there
were 8 chips analyzed (Control 6 hpi vs B95 hpi; Control 6 hpi vs B103 6 hpi and so
on). By this strategy, the roles of miRNAs at different stages of both sislgpand
resistance mechanisms were attempted to be investigatedinAtsder to increase the

reliability, three biological replicates were analyzed for differential miRNA expression

(Table 3.6XAppendix C)

65



infected barley

Table 3.6 Pairedt-test results of miRNAexpression profilingof powdery mildew

6 hpi
miRNA ID Bgh103 infected Bgh95infected
Pta-miR319 587 437
Ath-miR167a 297 243
Tae-miR1125 28 23

12 hpi
miRNA ID Bgh103 infected Bgh95infected
Vvi-miR166¢ 1153.12 2452.53
Ppt-miR1041 1228 2564.68
OsamiR168b 1193.21 2664.11
Ptc-miR166n 1301.77 2599.15
Ptc-miR167h 10930.07 7394.63
OsamiR319a 10788.46 6435.4
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24 hpi

miRNA ID Bgh103 infected Bgh95infected

OsamiR159d 4,322 4,025

OsamiR168a 797 1,217

OsamiR156l 612 356

Bna-miR156a 837 622

OsamiR159f 7,375 6,365

OsamiR159e 3,825 3,638

N
H
0
~

Ptc-miR166n

N
N
w
N

Zma-miR171c

al
»
=
H
o

Vvi-miR166d

~
©
=
w
(@)

Shi-miR166a

N
w
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N
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©

Ptc-miR167h
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48 hpi

miRNA ID Bgh103 infected Bgh95infected
Ppt-miR894 930 1,227
Pta-miR159b 509 802
OsamiR166m 65 105
Ptc-miR166n 43 65
Shi-miR166a 74 100
Ptc-miR166p 29 36
Vvi-miR166d 72 89
OsamiR393b 94 146
Ppt-miR166j 28 41
SofmiR408e 13 31
OsamiR166k 55 84

The abbregiations at the beginning of each miRNA are suffixes of plants: Athbidopsis thaliana
Osa:Oryza sativa Ptc: Populus tricocarpaBna: Brassica napusGma: Glycine max Mtr: Medicago
truncatulg Sof: Saccharum officinarumSbi: Sorghum bicolor Ppt: Physcomitrella patensZma: Zea
mays,Pta:Pinus taedaTae:Triticum aestivum Vvi: Vitis vinifera.

As in the yellow rusivheat pathosystem, targets of the differentially expressed
mMiRNAs in powdery mildewbarley pathosystem were detected by usiiRiant
mMiRNA Target Finded programmein barley The blast analysis idefied putative
targets for 7 of 35 differentially expressed miRNAs which were geneGAlilyb
transcription factor (Table 3.7).
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Table 3.7 Identified targets of differentially expressed miRNAs in powdery mildew

infected Pallas03 barley plants.

miRNA ID MiRNA Targets

Sbi-miR156e ribosomal protein L39

OsamiR159d GAMyb protein

Ath-miR159b GAMyb protein

OsamiR159f GAMyb protein

Ath-miR159a GAMyb protein

OsamiR159e GAMyb protein

Pta-miR159b Oxalate oxidase Myb4 transcription factor

3.1.2.3Expression level determination of putative miRNA targets with gRFTPCR

The microarray analysis results confirmed that putative target of miRAAMyb

transcription factor, is an important regulatory element in powdery mildew infection

response of barleyn order to understand the role®@AMyb in more detail, qRIPCR

profiling was performed on time point samples of both Bgh103 and Bgh95 infected
Pallas03 barley plants (Figure 3.8) (Table 38)or toqRT-PCR of putative miRNA

targetsthe normalizationexperimentsvereperformed as in 3.1.1.3.
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Figure 3.8qRT-PCR profiling of GAMyb in Bgh103 infectedBgh95infected, and
mock treatedPallasO3Jlants. Expression lelsat each time point are shown and
averagevalues of 3 technical repeats wegeen.

Table 3.8Expressionevel changes o6AMyb transcription factor in compatible and

incompatible interaction+ decrease-: increaseN C: No change)

6 hpi 12 hpi 24 hpi 48 hpi
Bgh95
_ 1.1~ 34 1.8- 1.2-
infected
Bgh 103

1.1~ 3.4- 2.8~ 1.1®
infected
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These results apparently confirm tH@AMyb transcription factor is responding to
pathogen attacks and generally do not show a race specific expression pattern.
Although the level of increase in compatible interaction is higher, there is a general
increasing pattern till 48 hpi. GAMyb level is decreased at #ehpi in Bgh103

infected barley plant.

Unfortunately there were not too many differentially expressed miRNAs that resulted
in different targets than Myb transcription factor in blast ysial Nevertheless,
putative miRNA targets that are found to be important in plant microbe interactions by
other studies are alsmnfirmedwith qRT-PCR experiments. These putative targets
were, miR393 target Cellulose synthase (Figure 3.9) (Table 3.B)486 target DNA

J (Figure 3.19) (Table 3.10), miR396 target Hsp90 (Figure 3.11) (Table 3.11), and
mMiR164 target MAP Kinase 2 (Figure 3.12) (Table 3(Bpendix B)
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Figure 3.9 qRT-PCR profiling of Cellulose synthase in Bghl03 inés;tBgh95
infected, and mock treated PallasO3 plants. Expression levels at each time point are
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Table 3.9 Expression level changes of Cellulose synthase in compatible and

incompatible interactiof~: decrease-: increaseN C: No change)

6 hpi 12 hpi 24 hpi 48 hpi
Bgh95
] 1.5® 2= NC NC
infected
Bgh 103

1.7® 3= 1.5- 1.7®
infected
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The decrease in level of cellulose synthase might beaiexgal by PTI response which

is not race specfic immunity. The increase in f2and 24" hpi in Bgh103 infected

samples might give a clue about the development of resistance against powdery
mildew. Increasing the thickness of cell wall might be a general defence mechanism

against pathogens.
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Figure 3.10 gRT-PCR profiling of DNA J in Bgh103 infecte@®gh95infected, and

mock treated Pallas03 plants. Expression levels at each time point are ahdwn

average values of 3 technical repeats were given.
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Table 3.10 Expression level changes of DNA J inngoatible and incompatible
interaction ¢: decrease-: increaseN C: No change)

6 hpi 12 hpi 24 hpi 48 hpi
Bgh95
_ 1.8® 1.2~ NC NC
infected
Bgh 103
_ 3.8 1.4~ NC
infected

The decrease in Bghl103 infected™Bpi samples might enable coloation of
pathogen, because DNA J protein is a part of ubiquitination pathway and upregulation
of the elements of proteasome system might be important for infection.
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Figure 3.11 gRT-PCR profilingof Hsp90in Bgh103 infectedBgh% infected, and
mock treatedPallasO3plants. Expression levels at each time point are shamdh

average values of 3 technical repeats were given.

Table 3.11 Expressionlevel changes of Hsp 90 in compatible and incompatible

interaction ¢: decrease-: increaseN C: No change)

6 hpi 12 hpi 24 hpi 48 hpi
Bgh95

4.1® 1.8® 1.1® 1.8~
infected
Bgh 103

2.6® 2.5- 1.5- 1.1®
infected
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Hsp90 level is decreased in incompatible interaction, whereas it is increased in
compatible interactins” 13" and 24" hpi. Hsp90 functions as a regulatory element in

protein folding and suppression of Hsp90 might enable pathogen to infect plant.

&
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Figure 3.12 gRT-PCR profilingof MAP kinasein Bgh103 infectedBgh95infected,

and mock treateBallasO3plants. Expression levels at each time point are shown
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Table 3.12 Expressiorievel changes of MAP kinase in compatible and incompatible
interaction ¢: decrease-: increaseN C: No change)

6 hpi 12 hpi 24 hpi 48 hpi
Bgh95

2.3® 1.7- 1.9® 1.3®
infected
Bgh 103

1.2® 1.7- 1.1~ 2.2~
infected

MAP kinase do not have a regular pattern of increase or decrease in its expression
level. MAP kinasepathway is known to one of the most complex pathways in plants

and might function in both susceptibility and resistance.
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3.2 Functional Analysis of a novel Fbox protein (HVDRF) via BSMV mediated

Virus Induced Gene Silencing

3.2.1 Characterization of HYDRF protein

In previous studies of Akkaya lab many genes were found to be differentially
expressed in wheat upon yellow rust inoculation such as pathogen related proteins,
antifungal proteins disease related proteinsand ubiquitin mediated protein
degradation proteins. One of the ubiquitin mediated degradation protein walscan F
protein (Bozkurt et al., 2007)The same researchers identified fhll length of this F

box protein.

In this study, functional analysis of this specifib&x protein wasnvestigatedThe F
box gene is named as HvDRMHdrdeum vulgareDisease Related -Box). For
characterizing this #6ox gene, sequence homology stsdweere conducteddvDRF
showed higher than 80 % homology to ZEITLUPE Typeok proteins (Figure 3.13).
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Figure 3.13 Alignment of HvVDRF with is homologues genes i@ryza and
Arabidopsis
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3.2.2 Functional analysis of HYDRF

After classification of HYDRF as a ZEITLUPE typebex protein, the function of
HVDRF in response to powdery mildew infection vgasdied. For this purpose BSMV
mediated virus nduced gene silencing (VIGS) was performed, which enableke
silencing of specific genes within the host.

3.2.2.1 Cloning of 3° UTR part of HYDRF

There are more than 70806x genes present #rabidopsisand they show high level

of similarity within each otherWidespread occurrence ofllex domain containing
proteins are also found in plant species whose genome is fully seqyerchder et

al., 2006) For virus induced gene silencing a part of the gene is cloned into the
genome of the virus which has infection ability to its host, barley. When the virus
infects the plant, the transcripts of the viral genome form siRNAs (small interfering
RNAs) which activags sequence specific degradation of the gene of ini@ewsh
Kumar et al., 2007)So the fragment cloned into the viral genasheuldbe designed

to bevery specific for that gene of ertestto mediate the silencing of only the gene of
interest In this case, since 46ox proteins are frequently found in plant genome and
they are well conserved, cloning of BTR (untranslated regionyas aimed, which is
known to be the least conservedtpaf a functional gene. To clone the 3TR, the
correct open reading frame widentified by a DNAProtein translation software (Fr33

translatorttp://www.fr33.net/translator.phgFigure 3.14).
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ATCGAGTGGGACAGTGGTTCCGATCTAAGCGCCGATGATGCTTCGTCACTGGCGGATGATGAAGAGGGA
GGTCTTTTTCCCGGAGGTGGACCAATTCCATATCCCGTTGGGAATTTGCTTCACACGGCGCCTTGTGGA
TTCGTTGTTACTGATGCCGTTGAGCCGGACCAACCTATTATATATGTCAACACCGTCTTCGAAATGGTT
ACAGGGTATCGTGCTGAGGAAGTTCTCGGAGGAAATTGCCGCTTEITREABGACCGTTTGCT
AAAAGAAGGCATCCATTAGTTGACTCTATGGTTGTTTCCGAGATAAGAAAATGTATTGATGAGGGCATT
GAATTTCAAGGCGAGTTGTTGAATTTCAGAAAAGACGGATTTCCNTTGATGAATAGGTTGCACCTGACC
CCTATATATGGAGATGATGATATCATCACCCATTATATGGGCATTCAGTTCTTCACCAATGCTAATGTT
GATTTGGGACCAGTACCTGGTTCAGTTAGRAACCTGTGANATNTNCNCGGTTTGCTCCGGATAAC
TTTTTCCGGCCCATAACCACCGGACTANAGCAGGACANCTTCTGCCGGGAGTATTCCAGTCTCTTCCAG
CTAACTGATGAAGTACTTTGCCANAGTATTTTGTCAAGGTTGTCTCCAAGAGATGTCGCATCTGTGAGC
TCTGTATGTCGACGGTTGTATGACTTGACAAAAAATGAAGATCTTTGGAGAATGGTTTGTCGTAATGCA
TGGGGTAGTGACTACTCGAGCTCTTGAGACTGTGCCTGCTGCGAAAAGATTGGGCTGGGGTCGTCTG
GCCAGAGAACTAACCACCCTGGAAGCTGTTGCCTGGAGGAAATTGACTGTTGGAGGTGCAGTGGAGCCA
TCTCGATGCAACTTCAGTGCTTGTGCTGTAGGGAATCGTGTCGTTCTCTTTGGCGGGGAAGGTGTTAAC
ATGCAACCGATGAATGACACATTTGTGTTGGATTTGAATGCTAGCAATCCGGARRTGEABAT
GTGAGCTCAGCTCCTCCAGGCCGCTGGGGCCATACACTATCGTGCCTAAATGGATCTTGGTTAGTTGTG
TTCGGGGGATGTGGAAGGCAGGGCCTTCTTAATGATGTATTCATGTTGGANTTGGATGCGAAACACCCA
ACTTGGCGGGAGATCCCTGGTGTTGCACCGCCGGTTCCGCGTTCATGGCACAGCTCCTGCACTTTGGAT
GGGAATAAGTTGGTGGTTGTTCTTCTAAGTGACACBITUCGACCTTTCAATAGAGAAACCAGTG
TGGAGAGAGATTCCAGCTGCCTGGACTCCGCCTTCCCGGTTAGGCCACACACTATCGGTTTATGGAGGA
AGAAAGATCTTGATGTTTGGTGGTCTTGCTAAGAGCGGGCCTTTGAAATTCCGTTCGAGTGATGTCTTC
ACAATGGATCTAAGCGAAGAGGAGCCTTGTTGGAGGTGTGTGACCGGTAGCGGAATGCCTGGAGCAGGA
AACCCAGGAGGAGTAGCACCACCAAGGCTAGATCACGTTGCAGTTAACCTCCCTGGAGGCAGAATC
TTGATATTTGGCGGCTCAGTGGCAGGGCTTCACTCAGCGTCTCAGCTTTATCTACTTGACCCAACGGAG
GACAAACCGACTTGGAGAATACTAAACATTCCAGGAAGACCGCCTCGGTTTGCTTGGGGACATGGCACT
TGTGTTGTGGGAGGAACACGAGCGATAGTGCTAGGTGGTCAGACCGGAGAAGAATGGATGCTAAGTGAG
CTACACGAATTATCACTAGCGAGCTATCTTASBCAAAGCTTCCATGAAAACAAATTAGACCCTTC
AAGTGGCGTTAAGCTTGATTGTCTTCACCACCGGGCCAGAGCACTGAATGGATGTATTTGCTTGGAAGT
GAGATATGGTTGGGTCTCGAGTAAAGATTAAACCTCTTAGACTGCGGCCGCTCAAAGTCTATATAAAGG
TCTTTCAACCAAAGCTTCCATGAAAACAAATTAGACCTTTCAAGTIABGGTTGATTGTCTTCAC
CACCGGGCCAGAGCACTGAATGGATGTATTTGCTTGGAAGTGAGATATGGTTGGGTCTCGAGTAAAGAT
TAAACCTCTTAGACTGCGGCCGCTCAA

Figure 3.14 Full sequence of HYDRFE The start and stop codons are highlighted. The
3" UTRis underlined.
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Then the 3UTRs is amplifiedby extension touchdown PCR, by addéotl andPad
restriction sites to the ends of the amplified region (Figure 3.15 a, b). Amplified
fragment of 3'UTR of HVDRF is cloned into pGEMEasy. Cloning thecorrect
fragmentwas confirmed by colony PCR using-lbox primers and sequencing of the
recombinant plasmid (pGEMTidvDRF) (Figure 3.15 c).

(2)CCAAAGCTTCCATGAACAAATTAGACCCTTCBAGGCGTTAAGCTTGATTGTCTTCACCACCGG
GCCAGAGCACTGAATGGATGTATTTGCTTGGAAGTGAGATATGGTTGGGTCTCGAGTAAAGATTAAACC
TCTTAGACTGCGGCCGCTCAAAGTCTARAGGTCTTTCAACCAAAGCTTCCATGAAAACAAATTAG
ACCTTTCAAGTGGCGTTAAGCTTGATTGTCTTCACCACCGGGCCAGAGCACTGAATGGATGTATTTGCT
TGGAGTGAGATATGGTTGGATGAGTAAAGATTAAACCTCTTAGACTGCGGCCGGILAA

(b) (c)

Clones 18

500bp—>

Figure 3.15Cloning of 3'UTR fragment of HYDRF into pGEMHasy. (a) 3UTR of
HvDRF. Forward and reverse primer regi@me showrin bold The sequences of the
primers are 5ATAGCGGCCEAAATTAGACCTTTGR 6 and 5 -
ATATTAATTAAGACCCAACCATATCTCACHIghlighted parts of the primers aidotl

and Pad restriction sites rgpevtively.Extra 3 nucleotides (ATA) were added to the
primers for efficient cleavage of restriction enzymeéstal amplification product is

302 bp. (b) Agarose gel image showing the amplification products, that are amplified
from various samples dfarley cDNA. (c) Agarose gel image showing the colony PCR
results of the cloned HYDREF UTR fragment into pPGEMTEasy.
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After confirming that HYDRF fragment was cloned into pGENEBSY this fragment
wasclonedinto po . For this purpose, the cHasyned r e
by double digestion with Notl and Pacl (Figure 3.16). The fragment is gel purified and
ligated intopo ( p 2 : H-8 DTR})- The cloning was again verified by colony PCR.

Double

pGEMT digested
Ladder Eas pPGEMTEasy

<«— 500 bp

<«— 300 bp
<— 100 bp

Figure 3.16Doubl e di gestion of BSMVNdangRad o me . P

restriction enzymed hefragment of HYDRHs at theexpectedsize

3.2.2.2BSMV Mediated Silencing of HYDRF

BSMV is an RNA virus hbaviong tmi ma/idRirt & og g
experiment s, HvDRF was ctheplasndls comatniagtte pl as
other genomes were linearized using appropriate restriction enz¥iigese 3.17 a)

and subjected ton vitro transcription (Figure 3.17 b, c). Thes&anscripts were
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purified and used at equal amounts to infect bailleynediatenfection FES was used

which contains cellite to wounglant cell walls.

! v Odzii Linearized
Ladder plasmid 1 LIt |

1Y DRRJ o ipi M Yany| @ladder

Figure 3.17 Linearization andn vitro transcription of BSMV genomes. (a) HVDRF
fragment coanstraiidni hgy: Hv DRIF) i s l ineari zed
enzyme. As expected, uncut plasmid migrated a little bit less than linearized plasmid.

(b) Thetranscriptproducto f 0 : kasBép&rated in RNAgarose gel(c) In vitro

transcription products of BSMgenome partéAmbion mMessagenMachine Kit)

Ten day old Pallasl and Bulbul barley cultivars, whose third leaves were just
emerging were used for BSMV infection. The transcripts were applied onto leaves
with FES. BSMV:00 is used as negative contral &r mock treatment plants were
wounded with FES only. After observation of the silencing phenotype (stripes due to
viral infection) silenced and mock treated leaves were transferred to agar plates for
pathogen inoculation. Bulbul is the universal susbéptcultivar of barley. PallasO1
cultivar containsMlal and is resistant tAvrMlal containing Bghl103 strain of
powdery mildew. So normally Bgh1G8 virulent toBulbul, butavirulent toPallasO1.

10 days after pathogen infection the results of the silgnen both HVDRF silenced

and unsilenced (BSMV:00) plants were examined in comparison to the mock treated
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samples under light microscopy, after trypan blue staining (Figure 3.19). Plant leaves
were also imaged under dissecting light microscope (Figlg).3.

Figure 3.18 Dissecting microscope analysis of 10 day after Bgh 103 infection)of (
FES treated Bulbul,b) BSMV:00 treated Bulbul,df BSMV:HVDRF treated Bulbul,
(d) FES treated Pallas01¢)(BSMV:00 treated Pallas01f)(BSMV:HVDRF treated
PallasO1.
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Under dissecting light microscope, the viral spreading can be observed (Figure 3.19,
(e) and (f)). These stripes meant BSMV infection was successful; hence HYDRF was
silenced using BSMV. There were powdery mildew colonies on both mock treated and
BSMV:00 (Figure 3.19 al, a2, a3) and BSMV:HVDRF treated (Figure 3.19 b1, b2, b3)
Bulbul plants. So silencing of HYDRF did not cause a®gondarychanges in
susceptible cultivar. All the observations were as expected for susceptibility response.
For resistancebarley cultivar silencing, although viral stripes were apparent on
BSMV:00 treated (Figure 3.18 e) and BSMV:HVDRF treated (Figure 3.18 f) plants, no

visible colonies were formed on the leaves.

Figure 3.19 Light microscopy of silenced and unsilenced fdahight microscope
images of BSMV:00 treated Bulbul ((al), (a2), (a3)); BSMV:HvVDRF treated Bulbul
((b1), (b2), (b3)); BSMV:00 treated Pallas01 ((c1), (c2), (c3)); BSMV:HVDRF treated
PallasO1 ((d1), (d2), (d3)) plants after Trypan blue staining. Arr¢e®),((c3)) show
ungerminated powdery mildew spores on BSMV:00 treated Pallas plants.
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Figure 3.19 cont'd Light microscopy of silenced and unsilenced plantight
microscope images of BSMV:00 treated Bulbul ((al), (a2), (a3)); BSMV:HVDRF
treated Bulbul ((b1), (b2), (b3)); BSMV:00 treated Pallas01 ((cl), (c2), (c3));
BSMV:HVDRF treated PallasOl1 ((d1), (d2), (d3)) plants after Trypan blue staining.
Arrows ((c2), (c3)) show ungerminated powdery mildew spores on BSMV:00 treated

Pallas plants.

Microscopic aalysis revealed that, although there were not any visible colonies on
silenced Pallas01 plants, resistance was lospatitbgen now was able to infect plant
Since no fungal growthwere observe@dn BSMV:00 treated PallasO1 plants (Figure
3.19 c1, c2, cB the hyphaeal structures observed on silenced plants were not due to
viral infection, but due to the silencing of HYDRF (Figure 3.19 d1, d2, d3).

To confirm and assess the level of HVDRF silencing on the plagi&T-PCR
experiments were conducteth BSVV:00 treated, BSMV:HVDRF treated and mock

treated samples.
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CCAAAGCTTCCATGAAAACAAATTAGACCCTTCAAGTGGCGTTAAGCTTGATTGTCTTCACCACCG
GGCCAGAGCACTGAATGGATGTATTTGCTTGGAAGTGAGATATGGTTGGGTCTCGAGTAAAGATTA
AACCTCTTAGACTGCGGCCGCTCAAAGTCTATATAAAGGTCTTTCAACCAAAGCRIMACATGA
AAATTAGACCTTTCAAGTGGCGTTAAGCTTGATTGTCTTCACCACCGGGCCREWIGEA
TGTATTTGTCTGGAAGTGAGATATGGTTGGGTCTCGAGTAAAGATTAAACCTCTTAGACTGCGGCC
GCTCAA......... AAA

¢ & 8 o w o ¥4 B W ® A ¥ ¥ B W B W A

Figure 3.20 gRT-PCR analysis of silencing For determining the level of silencing

the primes {TGAATGGATGTATTTGC-3 dand Oligo(dT)o are used. The region
amplified is shown inbold (a). The quality of this primer couple is checked by
observing the dissociation curve (b). One peak in dissociation curve confirms the
compatibility of the primer auple for qRFPCR experiments. The samples are

normalized by using 18 S rRNA gene specific primers (c).

After normalizing the sames (Figure 3.29 c), gRPCR wereperformed, which
showed foufold silencing in BSMV:HVDRF treated plants in comparison to
BSMV:00 treated and mock treated plamsich means 25% silencing in comparison

to empty vector contrqFigure 3.21).
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Figure 3.21 The level of HYDRF silencing in Palldkl. On the three biological
samples of each treatment, three ¢RIR techital repeats were performed
(Stratagene Mx3500P)yvhich gave foufold silencing. An average value of three
technical repeats for two biological samples was given in the amplification plots.

The effect of silencing was quantified by counting the nunobdryphae in unit area
for eight different biological samples (Figure 3.22).
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Figure 3.22Quantification of decrease in resistance upon silencing of HYDRF.

There were not any hyphae on BSMV:00 treated planit on the average 28 hyphae
were present in BSMV:HVDRF treated plants. The resistance was not totally
compromised, since there was fewer numbers of hyphae in HYDRF silenced Pallas01
then HvVDRF silenced Bulbul (152 hyphae on the average) (Figure 3.22).

These results have shown théerscing of HYDRF resulted in decreased resistance to
powdery mildew and confirmed this novelbBx gene as a positive regulator of plant

defence.
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3.3 Discussion

3.3.1 MicroRNAs play important roles in shaping plant responses to pathogen

attacks

The reslis of microarrayanalysis of yellow rust infected wheat and powdery mildew
infected barleyshowed that infecting wheat and barley with race spepdithogens

definitely resulted in differential miRNA expression. Since plants miRNAs show high
complementaty to their targets and either cleave or repress translation of
corresponding targetthe potential targetsf differentially expressed miRNAsan be

found by computational alignment analysifierefore computational identification of

putative miRNA tagets and gRFPCR profiling of previously identified pathogen
response rel ated Al n silicobo deter mined

molecular mechanisms underlying pathogen infection.

3.3.1.2 A new model| for explaining yellow rust-wheat and powdery mildew-

barley pathosystem

miRNA microarray analysis of yellow rust infected wheat and powdery mildew
infected barley had two common miRNAs that are differentially expressed upon

pathogen infections.

Targets of miRNAs that are differentially expresgatlude CCAATbox transcription
factors, MAP Kinase 2 and Myb transcription factors. Transcription factors and Map

Kinases are regulatory elements controlling expression of many genes, which makes
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them very important checkpoints of plant metabolism.c8atrolling the expression of

these genes with miRNAs, enable plants-timeing of many metabolic pathways.

CCAAT-box transcription factors are one of the most common elements in eukaryotes
and is present in 30 % of the geti€®mbier et al.2006) miR169 family miRNAs are
found to control expression of CCAAJox transcription factors irabidopsisand

rice (Combier et al., 2006; Qiu et al., 200%oreover miR169 family miRNAsre
shown to play role in nodué development, drought response, and elicitor response
(Combier et al.,, 2006)In elicitor response, methyl jasmonate, which is a taxoid
elicitor, downregulated miR169 level. In our data, miR169 level is hightreiplants
having resistance to the pathogen than that of the susceptible (d@atsTable 3.1)
which is a new and interesting finding similar resultwas observedn gRT-PCR
profiling of miR169 targetin whichthe expression level is consistentigcreasing in
resistamce. This relationship between the miRNA and its tadgdinitely proves that
mMiR169 is controlling gene expressiva cleavage and should be maintained at higher
amounts for resistanceesponse(Combier et al., 2006)CCAAT-box transcripbn
factors might be controlling expression of some genes that are required for effector
triggered susceptibility and downregulation of these genes might result in
susceptibility. This hypothesis can be tested by using silencing miR169 genes and
infecting the silenced plants. If miR169 silenced plants become susceptible, this will
mean that miR169 is a required miRNA for resistance against pathogens. Also in order
to identify the targets those are controlled by miR169, a microarray analysis can be
performedin miR169 silenced plants. The genes whose levels are changing in

comparison to controls might give us clues about the specific targets of miR169.

Another differentially expressed miRNA family was miR159, whose computationally
identified target was foundo be Myb transcription factors. Control of Myb
transcription factors with miR159 family miRNAs were shown in previous studies
(Allen et al., 2007; Reyes and Chua, 20080 the mechanism of action of miR159
was poved to bethe cleavageof its target(Zilberstein et al.,, 2006)miR159 was

shown to be induced by ABA (absisic acid) in germinating seed{Rgges and Chua,
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2007) and repressed by GA (gibberellic acid) in floral developniéchard et al.,
2004) Moreover miR159 was proved to be a marker in viral resistg@iceonMateo

and Garcia, 2006)n our case, miR159 level was increased in susceptibility (see Table
3.1 and Table 3.7) and gRACR profilingof the targetresulted ina decreased MYB

level in susceptibility (see Table 3.3). The role of MYB transcription factors in fungal
resistance is not studied extensively, fsam these findings it can be speculated that,
MYB transcription factors might be required for effectoggered immunity, hence
suppression of MYB might be required for infecting plant tissues. These data should
be further confirmed iMrabidopsisusingArabidopsispathogens and mutants that are
deficient in miRNA actior{Brodersen et al., 2008)

Besides miR159 and miR169 targets, the computationally identified targets of miR393,
mMiR396, miR164, and miR1436 were profiled with gRTR.

Cellulose synthase, which was determined to be the putatiget taf miR393 was
analyzed with gRIPCR. In early studies, impairment of cellulose synthase was
resulted in enhanced resistance in other patho@gesiandezBlanco et al., 2007)
Cell wallis an element of basal f@@ace;decrease of cellulose synthase in both Bgh103
and Bgh95 infectionsan this study might be an indicator of PAMP triggered
susceptibility (see Table 3.9}.is considered that thieasal defence mechanisms are
not in actionafter 6" hpi, so the expission level of cellulose synthase mightureler

the controlof other factors than fungal infection

The computatioally identified target of miR396s Hsp90. The role of Hsp90, in
disease resistance was shown be8ep et al., 2008; Zhang et al., 2008; Swiderski et

al., 2009) It forms a complex with Rarl and Sgtl and functions as a core modulator of
innate immunity in plant§Seo et al., 2008However, controlling the expression level

of Hsp90 with miR396 is not shown yet. In odudies, we show that both miR396
levels and Hsp90 levels are changing upon pathogen infection (see Table 3.7 and Table
3.11). Although these data do not explain arerse relationship between miR346d
Hsp90,the differential expression of bothight be an indicator of a putative control
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mechanism for Hsp90 expression. Also inverse level of Hsp90 in resistance and
susceptibility after  hpi, supports therole of H$90 in pathogen response. This
preliminary data can be assessed by designing reporter assays swafeease assay

or GFP assay by cotransforming miR396 and Hsp90 into a common host and
observing the GFP expression. If the GFP expression level decheasesparison to

only GFP:target containing host, Hsp90 would be proved to be the target of miR396.

The putative target of miR1436 was found to WA J like protein.DNA J like
proteins are involved in a variety of processes including protein foldiraeipr
partitioning into organelles, signal transduction, and targeted protein degradation
(Thao et al., 2007)They are alsdound to be induced in wheat upodRusarium
infection (Ulrich et al., 2006; Bolton et al., 2008 our caseDNA J protein is
increasing in both infection types at™and 24 hpi (see Table 3.10), so DNA J might
havearole in PTI (PAMP triggered immunity responses).

The last gene was MAP kinasewhich is found to be the target of miR16MAP

kinase 2 was identified in rice and found to be induced upon BTH treatment, which is a
disease resistance inducing salisiiiéd analogSong et al., 2006RT-PCR profiling

resulted in increase and decrease in both resistance and susceptible plants. There was
not a consistent expression pattesmce MAP kinase pathways are very coicgtled,

the gRFPCR profiling results (see Table 3.12) need further dissection.
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3.3.2 HVDRF is a novel ZTL-type F-box protein functioning as a positive

regulator of plant defense

3.3.2.1Virus induced gene silencing, an efficient todior gene function analysisn

barley powdery mildew pathosystem

Barley powdery mildew ranks among the highly risky pathogens since durable
resistance mechanism are not known for n@cDonald and Linde, 2002)So
dissecting the molecular mechanisms that may lead to foundation of durable resistance
mechanisms is very important for countries like Turkey, in which agriculturensaa

of main economic property. Studying gene function in barley is problematic, since
gene mutants are hard to obtain and time consuming. Therefore transient silencing
mechanisms are tried to be applied for gene level studies. Virus induced gene silencing
via BSMV is one of the transient silencing methods, which was established in 2002 for
barley (Holzberg et al., 2002)Afterwards it was used to analyze the role of Hsp90
Rark:SGTL1 system in barley powdery mildew resistance. It was shown that VIGS is a
robust method to dissect resistance mechanisms in bty et al., 2005)In this

study BSMV mediated VIGS is used to unravel the role of a new player in the
resistance mechanism of barley against powdery mildew. One of the major drawbacks
of VIGS is silencing specificity. Since it depends on the sequeffmeanation of that

gene and the genome sequence of many plant species is not known for today, the
silencing may be problematic if there are multiple copies or conserved domains in the
gene of interest. Toncrease specificity of the VIGSystem generally 3 UTR
(untranslated region) is preferr@@urch-Smith et al., 2004)For silencing of HYDRF,

the same methodology was used, the full length of the gene is obtained@n& &

cloned into viral genome. Since-dex proteins are one of the largest multigene
families in plants, choosing 3" UTR conferred specificgguired in our experiments.

Otherwise many of the uncharacterizeddx proteins mightiad been silenced and
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thiswould not havegiven information for thefunction of HYDRF specifically. BLAST
analysis confirmed that tHéTR of HYDRF does not show significant similarity to any
other genes identified in barley. Hence the results of HYDRF silen@nglGS gave
reliable information about the role of HyDRFbarley powdery mildew interaction.

3.3.2.2HvVDRF, a positive regulator of plant defense in response to powdery

mildew infection

The phylogeny analysis confirmed HVDRF as a ZEITLUPE (ZTL) ty®¥ protein.

It showed very high homology tArabidopsis(NP_56885), rice (NP_001058438

poplar (XP_002329665), Glycine (ABD28285JEITLUPE type Fbox proteins. The
known functions of ZTktype Fbox proteins include plant circadian rhythm control,
photomorphogenesis, and phytochrome signalgmers, 2001; Kim et al., 2005c;

Kim et al., 2007; Zoltowski et al., 2007; Harmon et al., 20@), HYDRF explicitly
expands the functions of ZTL type-lfox proteins to plaApathogen interactions. In
circadian clock contralhg the Fbox protein interacts with pseudesponse regulator
(PRR) proteins which were found to have important roles in cold stress responses
(CalderonVillalobos et al., 2007)Moreover, there are some reports confirming the
convergence of abiotic and biotic stress resistance mecha(singo et al., 2006;

Chen et al., 2006)So HVDRF may be at the central pgowf such a convergent
mechanism. To understand this, transcript profiling experiments in silenced barley
plants should be done. Differentially expressed genes might give us a clue about the

position of HYDRF in both biotic and abiotic stress responses.

The role of HYDRF in barley powdery mildew interaction is unequivocally shown by
silencing. There were no hyphae formations in BSMV:00 treated resistant plants
(Figure 3.14 cl, c2, c3); whereas there were on the average 28 Ipgyhaeit area

formed on BSW:HVDRF treated plants. The average number of hyphae on unit area
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is calculated by the data obtained from eight biological samylasn 28 hyphaare
comparedo 152 hyphae in susceptible barley cultivatere is a 20% difference in
susceptible silencednd resistance silenced barley planthis number should be
evaluated with the level of silencing. There is fivefold difference in number of hyphae
and the level of silencing is fourfold. So if the silencing efficiency can be increased,
the susceptibilit might be increased in silenced resistant barleys. Also absence of
visible colonies on silenced gistant plants (Figure 3.13, dight be a result of

transient silencing.

Why silencing of HYDRF led to a decrease in resistance? This is the main qtiestion

will illuminate the role of HVYDRF in powdery mildew resistance response and
determine the position of ubiquitination in barley powdery mildew pathosystem.
HVDRF is a part of ubiquitin ligase (E3) complex, meaning it transfers polyubiquitin to
the taget that will be degraded@hus,the target of HYDRF is the key that will explain

the role of HVDRF in resistance responses. There are two possible mechanisms
inferring the role of protein degradation in disease resistance mechghismala et

al., 2007) The first one is related with negative regulation of HR. This hypothesis was
supported byArabidopsis RMP1 (R proteir) degradation(Boyes et al., 1998)
Degradation of RPM1 results in HR response by which means plants restrict the HR to
only infection sie. This confinement is vital for necrothrophic pathogens, but since
powdery mildew is biotrophic and silencing of HYDRF does not result is HR, this
hypothesis seem not to be valid tarr study Second hypothesis involseegradabn

of a negative regulat of R protein complex. The degradation product might be the
signal activating the disease resistance response. The supporting evidence came from
Arabidopsis Degradation of RIN4 is activated Wseudomanas syringaeffector
AvrRpt2 (Kim et al., 2005apnd knockdown of RIN4 led to constitutive activation of
defense respong®dackey et al., 2002)This hypothesis is also supported by a very
close relative of barlepowdery mildew pathosystem: barlstem rust pathosystem.

In stem rust infected barley plants RPGL1 proteifousid to be polyubiqutinated upon

avirulent pathogen inoculation. The degradation of RGP1 releases a signal peptide
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which activates downstream defense respof(isgmala et al., 2007)This alternative
seems moreikely for HVDRF silencing case. HVYDRF might be the E3 ligase
component carrying polyubiquitin chain to the RPG1 like target which activates
resistance responses. So in that sense, HYDRF functions as a positive regulator of
defense responses. To validatés thypothesis the target that is interacting with
HvDRF must be identified by assays like coimmunoprecipitation or yeast two hybrid.

If the target of HYDREF is the protein that is interacting with powdery mildew effectors,

or it is an Rprotein itself,idertification of the target of HYDRF becomes much more
important. Because if that target is not vital for barley to develop normally, cultivars

that lack HYDRF target might convey us to durable resistance for powdery mildew.
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CHAPTER 4

CONCLUSION

Wheat and barley are two most important agricultural crop species of Turkey, which
makes functional genomics studies of these crops very important. AlbdigyTisrone

of the largestproduces of these crops in the world, functional genomicglies of
these plants are very poorly performed in our country.

In this thesis two fundamental issues of functional genomics were performed. In the
first part a very novel and promising issue of plant functional genomics, the role of
MiRNAs in biotic stess responses, were studied. The results confirmed that miRNAs
are important regulators of defence responses in yellow rust and powdery mildew
infections. Alsg this study provedhe existence of miRNAs in barley, in which no
MiRNAs are experimentally vdied yet, and targets of two miRNAs (miR159 and
mMiR169) in the same plant species. Moreover, in this thesis, existence of miRNASs in
yellow rust was shown for the first time. Until now no fungal miRNAs were submitted
to miRBase and the identified miRNA irefow rust could be the first ones after
biological function assayd hese results are a good source for further investigation of
mMiRNAs in yellow rust and powdery mildew infection and establishing durable

resistance mechanisms.

In the second part of thithesis, gene functional analysis of a novebdx gene
(HVDREF) in barleyia VIGS was performeddvDRF is a ZTl-type Fbox protein, and
ZTL-type Fboxes are known to function in floweringhe slencing of this gene
resulted in collapse of resistance tomaery mildew, which assigns a critical role to
HVDRF in powdery mildew resistance responses. Hence our data, implies a novel
function for ZTL-type F-box proteins which is regulating race specific immunity
against biotrophic pathogens
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APPENDIX A

SEQUENCES OF BSMV GENOMES

1) BSMV U genome sequence:

GTATGTAAGTTGCCTTTGGGTGTAAAATTTCTTGCATGCACATAATCGTAATCGATTCTTCTTGATCTCTAAACAACACTTTCCCGT
TAGCATGGCTAGCGATGAGATTGTCCGCAATCTGATCTCCCGTGAGGAGGTGATGGGTAATTTGATTAGCACAGCTTCTAGCTCAGT
AAGGTCACCCTTACATGACGTATGCTCGCACGTAAGGACCATCGTCGATTCCGTGGATAAGAAAGCGGTCAGTCGCAAGCATGT
TGATGTACGGCGCAACATCTCCTCTGAAGAGTTACAGATGTTGATAAATGCATATCCTGAATATGCCGTTTCATCCTCAGCTTGTGA
ATCTGGTACTCATAGCATGGCGGCTTGTTTTCGATTTCTGGAGACAGAATACCTCTTAGATATGGTTCCAATGAAAGAGACTTTTGT
TTATGACATTGGTGGTBAGGTTTTCTCATATGAAGTTTCGTGCTGATAGAGAAATTCATTGTTGCTGTCCGATCTTATCTATGAG
AGATTCTGAAAGACTGGAAACACGCATGATGGCAATGCAAAAATATATGCGTGGATCGAAAGACAAACCGTTACGCTTGTTAAGCCG
TTATCAAAATATCCTGCGTGAACAAGCGGCGAGAACAACTGCCTTTATGGCAGGTGAGGTGAATGCGGGTGTTCTCGATGGAGATGT
GTTTTGTGAGAACTTTTCAAGACTGTGTGAGACAGGTGCCCGAAGGTTTTTTGAAGACAGCTATAGCAGTTCATAGCATCTACGA
TATCAAAGTGGAAGAATTTGCGTCTGCATTGAAAAGAAAAGGTATAACACAGGCTTATGGGTGCTTCCTGTTTCCTCCTGCTGTATT
GATAGGTCAGAAGGAAGGTATTTTACCTTCCGTGGACGGTCATTACTTGGTGGAGAATGGCAGGATTAAGTTCTTCTTTGCGAATGA
TCCGAATGCGGTTACTCTCATGACCTTAAGGATTATCTGAAGTATGTGGAAAAAACCTACGTGGATATAAAGGATGGAGTGTTTGC
TATTGAGCTGATGCAAATGCGAGGTGATACCATGTTCTTTAAGATCACGGATGTCACCGCAGCAATGTATCATATGAAATACAGAGG
TATGAAACGTGATGAAACATTCAAATGCATTCCGTTGCTAAAAAATTCATCCGTTGTCGTACCTCTATTTTCGTGGGACAACCGTTC
TTTAAAGATCACAAGTGGTTTATTACCACGAACTTTGGTCGAGCAAGGTGCGGCGTTTATTATGAAAAACAAGGAGAAGGACTTGAA
CGTTGCTGTGTTGAAGAACTATCTTTCCGCTGTGAACAACTCATACATTTTCAACGGATCCCAGGTTAGAGATGGTGTGAAAATTGC
CCCGGATTTAATCTCCAAATTGGCAGTGACTCTGTACCTGAGAGAAAAGGTCTATCGACAAAGAGAAAATTCAATTATAAGTTAT
CGAGCAAGAAATGCTTCACGATCCCAACTTGAAAGCCATGTTTGGAGACTTTCTGTGGTTTGTTCCAAATACTCTCTCGAGTGTCTG
GAAGAACATGCGAAAATCACTGATGGAATGGTTTGGCTACGCAGAATTTGACTTGACTACTTTTGATATTTGCGATCCCGTTCTCTA
CGTAGAGATAGTGGATCGGTATAAGATCATTCAAAAAGGGCGAATTCCACTTGGTGAGTTTTTTGATTGTGAGAGNBAAT
TTACGAACTGCGTGAGAAGGAGAAAAATGACCTAGCGGTGAAAATGGCCCAGAAGGTAACAGGGACGGTGACCGAATGCGAGAAGGA
CCTGGGACCTCTTGTTCAACCGATAAAACAGATATTGGTTCAACTTGTGATGCCCAATTTGGTCAGAGCGCTGTGTAGACCTCGTAG
CCCAACGTCTCCTTTGGACTTAAATATCCCAGGGTCAACTCCATCACACTCAAGTTCAGATTCTGABSBRAGEBASAAGC
GAGCTGCGCCATTGCGGGTAGCGTACCAACATGGGAAATTGCGACTAAGAAAGATCTAACCTTTCAGCGAATTGATGAAGATATGTC
TCGACGAACTGGTATGCCTCCAAGACCAAAAGTAACTTCTAGTTACAACATGAATGCCAGAGCTGAGTTTCTCTACTATCAACTGTG
TAGCGTGATTTGTGAAAGGGCTCAGATTTTGAGTGTCATCGAAGACTTTCGTCAGAATTTGAEMFANEPGGCCGTTCC
ATTGAACGCTAGATTCTACAGTTTTCAGTCATTGCAACCCGGATGGGTGTTCAAGACTCCATCGCATAGTGAAGTAGGCCACAGTTA
TGCAGTACATTTTGACTTCAAGACAGTTGGAACCGATTTGGAAGAGAGCCTAGCTTTTTGCCGAATGGTACCGATTTCATGGGATAA
AAGCGGCAAATACATCGCGACAACTCCTCATTTTCCCGAGAGACATGGTTACTACGREARUAITAAATTGTGTAACAA
TTGGCTTATTTACAATAAGTTAGTTGATGTCTACGCACGAGTGGCTGATAGACCTCTGAGATTTGAGTTGATTGACGGAGTTCCTGG
CTGCGGAAAGTCAACCATGATTTTAAACAGCTGTGATATTCGACGCGAAGTTGTTGTTGGTGAAGGAAGGAATGCAACTGATGACTT
AAGGGAGAGGTTCAAGCGTAAGAAAAATTTGAATAGTAAGACTGCTAATCATAGRGLIIOGACAGCTTATTACTTGCTGA
AGGACCTTGTGTACCGCAAGCTGATAGGTTTCATTTTGATGAAGCTCTAAAAGTTCATTACGGCGCCATAATGTTCTGTGCTGATAA
GCTTGGTGCCTCAGAAATTCTCGCTCAGGGAGATAGGGCTCAACTGCCGATGATCTGTCGTGTAGAAGGTATTGAACTTCAATTTCA
ATCTCCTGATTACACGAAGACGATCATAAATCCTAAGCTACGATCATACI GIFACGATGTTGCCTTCTATTTGAGTGCTAA
GGAATTTTACAAAGTTAAAGGAATACCTCAAAAGGTTACAACTTCTAACAGTGTGAAACGTTCCCTGTACGCTAGAGGCGAAACAAC
TCCGGAAAGATTCGTGAGTTTGCTTGATGTTCCGGTGAGAAAAAACACCCATTATCTAACCTTCTTACAAGCTGAGAAGGAAAGTTT
GATGAGTCATTTGATTCCAAAGGGTGTGAAGAAAGAGTCTATTTCRALKGMGGCGCAGGGTGGTACCTATGAAAATGTGAT
TCTGGTCCGTTTGCAACGGACGCCCAATGAAATTTATCCGGGTGGACCTAGGTCCGCCCCTTACATTGTGGTTGGGACTTCAAGGCA
TACAAAAACTTTCACTTATTGTAGTGTTACGGACGATAAGTTGCTTTTAGATATCGCCGACGTCGGTGGTATTGCACATACACCTAT
TCGTACTTTTGAATCTCATATAGTTTAAAAAAAAAAAAAAANNMMAAAAAAAAAAAAAAAAAAAAATGTTTGATCAGATCATTC
AAATCTGATGGTGCCCATCAACCATATGATGGGAGTGTTTGCAAGTCCACTATAATCGAACTTGAAAACGATGCCTGAATTGGAAAC
CATGAATCTTAACGGATTCTGGAGAGAAAATTTAGGAATTGGTATGTAAGCTACAACTTCCGGTAGCTGCGTCACACTTTAAGAGTG
TGCATACTGAGCCGAAGCTCAGCTTCGGTCCCCCASBGGA

115



2) BSMV b genome sequence:

CTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGT
TATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGC
TGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAASSATTTAAGTCAGAGGTGGCGAAACCCGACAGGACTAT
AAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTC
TCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTG
TGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTANOIBBIGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGC
CACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACG
GCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCA
AACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTAGEGBGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGA
TCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCT
AGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCA
GTGAGGCACCTATCTCAGCGATCTGTCTATIIKIT CCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGG
GCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCG
GAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTT
CGCCAGTTAATAGTTTGCGCAACGTBETATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCT
CCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCA
GAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTT
CTGTGACTGGTGAGTACTCAAREPCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATA
ATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGT
TGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAA
CAGGAAGGCAAAATGCBBRAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAA
GCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTC
CCCGAAAAGTGCCACCTGAAATTGTAAACGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTTTTTAACC
AATAGGCCGAAAGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTC
CACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAAT
CAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGATGCCCCGATTTAGAGCTTGACGGGGAAAGCCGG
CGAACGTGIBAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCA
CCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGC
GGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCAC
GACGTGTAAAACGACGGCCAGTGAATTAATACGACTCACTATAGTAAAAGAAAAGGAACAACCCTGTTGTTGTTCGACGCTATACT
AAATATATATTATCTTATTAGTGCATTTCTTTTACCACTTCACAGTATGCCGAACGTTTCTTTGACTGCTAAGGGTGGAGGACACTA
CAACGAGGATCAATGGGATACACAAGTTGTGGAAGCCGGAGTATTTGACGATTGGTGGGTCCACGTAGAAGCCTIGGAATAAATTTC
AGACAATTTACGTGGTATCAACTTTAGCGTTGCTTCCTCTCGGTCGCAAGTCGCTGAATGCTTAGCTGCGTTAGATCGTGATCTACC
TGCTGATGTAGACAGACGGTTTGCAGGTGCTAGAGGACAAATTGGTTTACCCAATTATCTTCCTGCGCCAAAATTCTTTCGTCTCGA
TAAGCGAACTATCGCTGAACTGACTAGACTCTCTCGTCTTACGGATCAGCCGCACAACAATCGTGATATAGEEGAAACCG
AAGAGCCACAACTAACCCATCTCCCCCGGCGCAGGCACCGTCGGAGAATCTTACTCTTCGTGATGTTCAACCGTTAAAGGATAGTGC
GTTGCATTATCAATACGTGTTGATTGACCTACAGAGTGCGAGACTCCCAGTGTATACCAGGAAGACTTTCGAACGTGAACTCGCTTT
GGAATGGATCATTCCAGATGCCGAGGAAGCGTGACCTGCTGTTGAAGCGGTAAAAGGATGTACATATGTRTCITAT
ATCTATTTTCTTTTACTTTTAGTTTTTGCTTTTTACGCGTTAACTAGATGTATTGACTTTAGCCATGGACATGACGAAAACTGTTGA
GGAAAAGAAAACAAATGGAACTGATTCAGTGAAAGGTGTTTTTGAAAACTCGACGATTCCCAAAGTTCCGACTGGACAGGAAATGGG
TGGTGACGATTCTTCTACTTCTAAATTAAAGGAAACTCTAAAAGTTGCCGATCAGACTCCATTRIRAGIGEGCCAAATC
CAAATTGGATTCTTCTGATAGACAAGTTCCTGGTCCTAAGTTGGCAACAACTGTGGAAAAGGAACCTGAGTTGAAACCCAACGTTAA
GAAGTCCAAGAAGAAAAGAATCCAAAAACCTGCTCAACCGAGTAGGCCCAATGACCTTAAAGGCGGGACTAAGGGATCATCTCAAGT
GGGTGAAAATGTGAGTGAGAACTATACTGGGATTTCTAAGGAAGCAGCTAAGCAAAAGCBGAAGRCTGTGAAAATGCA
AAGCAATCTGGCCGATAAGTTCAAAGCGAATGATACTCGTAGATCGGAATTAATTAACAAGTTTCAGCAATTTGTGCATGAAACCTG
TCTTAAATCTGATTTTGAGTACACTGGTCGACAGTATTTCAGAGCTAGATCAAATTTCTTTGAAATGATTAAGCTCGCATCCTTGTA
TGACAAACATCTAAAGGAATGTATGGCGCGAGCCTGCACCCTAGAACGAGAACEAPREBNABCTCCTAGTACGAGCTTT
GAAACCAGCAGTTGACTTCCTTACGGGAATCATCTCTGGAGTTCCTGGCTCAGGAAAATCAACCATTGTGCGTACTTTGCTCAAAGG
TGAATTTCCGGCTGTTTGTGCTTTGGCCAATCCTGCCTTAATGAACGACTATTCTGGTATTGAAGGCGTTTACGGGTTAGATGACCT
GTTGCTTTCTGCAGTTCCGATAACGTCTGATTTATTGATCATAGATGAATAITBCARGAGAGCGCGGAAATCCTGTTGTTACA
ACGAAGACTCAGAGCCTCTATGGTGTTGTTAGTCGGGGATGTAGCTCAAGGAAAAGCCACCACTGCTTCCAGTATTGAGTATTTAAC
TCTGCCGGTGATCTACAGATCAGAGACGACTTATCGTTTGGGACAAGAGACTGCTTCGCTTTGCAGCAAGCAGGGTAACAGAATGGT
TTCAAAGGGTGGAAGGGACACAGTGATCATTACTGATTACGATGBGERBGBACGGAGAAAAATATCGCTTTTACTGTCGA
TACAGTTCGAGATGTGAAAGATTGCGGGTACGATTGTGCCCTGGCAATTGATGTGCAAGGGAAAGAATTCGATTCAGTGACTTTATT
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CCTAAGGAACGAAGACCGGAAAGCTTTAGCAGATAAGCATTTGCGTTTAGTCGCTTTGAGCAGACATAAGTCGAAGTTAATCATCAG
GGCCGACGCGGAAATTCGTCAAGCATTCCTGACAGGTGATAGR&ET CTAAGGCGAGTAACTCTCATCGTTATTCTGCAAA
ACCGGATGAAGACCACAGTTGGTTCAAGGCCAAATAAGTATTGGCCAATTGTCGCCGGAATCGGTGTCGTTGGATTGTTTGCGTATT
TGATCTTTTCAAATCAAAAACATTCTACGGAATCCGGCGATAATATTCACAAATTCGCCAACGGAGGTAGTTACAGGGACGGGTCAA
AGAGTATAAGTTATAATCGTAATCATCCTTTTGCCTAABSIECCTCATCCCCTGGAATGTTGTTGCCCGCAATGCTTACCATCA
TCGGAATCATTTCCTATTTATGGCGAACAAGAGATTCCGTGCTCGGAGACTCAGGCGGAAACAATTCCTGCGGAGAAGACTGTCAGG
GCGAATGTCTTAACGGACATTCTCGACGATCATTACTATGCGATATTGGCTAGTCTTTTTATCATTGCTCTATGGTTATTGTATATA
TATCTAAGCAGTATACCTACGGAGACTGGTCCOTTABTCAAGATCTGAACTCTGTGAAGATCTATGGAATAGGGGCTACGAAT
CCAGAAGTTATTGCGGCCATCCACCATTGGCAGAAGTACCCTTTTGGGGAATCTCCGATGTGGGGAGGTTTAGTCAGTGTTTTGAGC
GTTCTTCTTAAACCGCTGACGTTAGTTTTTGCGTTAAGCTTTTTTCTCTTACTTTCTTCAAAAAGGTAAAAAAAAAAAAAAAAAAAA
TGTTTGATCAGATCATTCAAATCTGATGBICGATCAACCATATGATGGGAGTGTTTGCAAGTCCACTATAATCGAACTTGAAAAC
GATGCCTGAATTGGAAACCATGAATCTTAACGGATTCTGGAGAGAAAATTTAGGAATTGGTATGTAAGCTACAACTTCCGGTAGCTG
CGTCACACTTTAAGAGTGTGCATACTGAGCCGAAGCTCAGCTTCGGTCCCCCAAGGGAAGACCACTAGTCATGCAAGCTTTCCCTAT
AGTGAGTCGTATTAGAGCTTGG@GTATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATA
CGAGCCGGAAGCATAAAGTCTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTC
CAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCT

3)y BSMV 0 genome sequence:

CTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGT
TATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGC
TGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAARESTCGACAGGAC
AAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTC
TCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTG
TGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGUETAMGAETACGA
CACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACG
GCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCA
AACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAGBGBRATTCAATGA
TCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCT
AGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCA
GTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTBEGIBABGATACGGGAGG
GCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCG
GAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTT
CGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCAAIGTBGGIATGGCTTCATTCAGCT
CCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCA
GAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTT
CTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCHBACTGRAGICCCGGCGTCAATACGGGATA
ATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGT
TGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAA
CAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAREIANETCTTCCTTTTTCAATATTATTGAA
GCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTC
CCCGAAAAGTGCCACCTGAAATTGTAAACGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTTTTTAACC
AATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGATAGBGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTC
CACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAAT
CAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGATGCCCCGATTTAGAGCTTGACGGGGAAAGCCGG
CGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGCRBGIEERICGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCA
CCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGC
GGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCAC
GACGTTGTAAAACGACGGCCAGTGAATTAATACCATATHGTATAGCTTGAGCATTACCGTCGTGTAATTGCAACACTTGGCT
TGCCAAATAACGCTAAAGCGTTCACGAAACAAACAACACTTCGGCATGGATGTTGTGAAGAAATTCGCCGTCATGTCAGTGACTGTA
GTAGCAGGTCCCGTCCTTACGCTTTCATCACCTGTGGTGGTGACGTTTGGAACAGGCTTAATTGCCGTATCTTTGGTGAAACGGTTG
CTACAGGAACAACCCCGTGTAATTGCTCAQERIAACATTACCCAGGTGGTTCTGAGAGCAGTTCTAGCTCTTGTGCTACCGCG
CCTATTTTACGTAATCTTTCGCGAGATCAGTGCGATTCAGAGAATATTGGATGCAGTTCTAGCGCCTGTTCTCCGTCTGAAATTGTG
AAAGTTACAAGGCAGGTAGTGGGAGTTGAACGTGGTCTTTACCGGGACATTTTTCAGGACAACGAAATCCCATCAGTCATGGAAGAG
AAACTGCAGAAACTCCTTTACTCTCGAEAGAAGATTCGAAGACGTTGCCAATTTGAAGCATCAACGATGCACTCACGCAAAGTA
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AAGGTTCCGGAGGTAGGTACTATCCCAGATATCCAAACTTGGTTCGATGCTACGTTTCCTGGTAACTCCGTTAGGTTTTCTGATTTC
GACGGTTATACTGTTGCTACGGAGGACATTAACATGGATGTTCAGGATTGTAGACTTAAGTTCGGGAAGACTTTTCGACCTTATGAA
TTTAAGGAATCACTGAAACCAGTSAGGACAGCAATGCCAGAAAAACGACAGGGTAGTTTGATTGAAAGTGTGCTGGCCTTTCGT
AAAAGAAATTTGGCTGCGCCCAGATTACAAGGAGCTTTGAATGAATGGCACACAATTGAGAATGTGCTAACGAAGGCGTTAAAGGTA
TTCTTCTTTGAAGATTTAATTGATCGAACGGATCACTGCACTTACGAGTCAGCGCTCAGATGGTGGGATAAACAATCAGTGACAGCT
CGAGCGCAGCTCGTGGETEHAGCGGAGGTTATGTGATGTTGACTTCACGACTTATAACTTCATGATAAAAAATGATGTAAAGCCG
AAGTTAGATCTAACACCTCAAGTTGAATATGCAGCTTTGCAGACTGTTGTATATCCTGATAAGATAGTCAATGCTTTCTTTGGTCCG
ATCATAAAGGAGATTAATGAACGGATCATCAGAGCGCTTAGACCTCATGTGGTCTTTAATTCTCGTATGACTGCTGATGAACTGAAT
GAAACAGCTGCCTTTGACACCTCATAAGTACAGAGCCTTAGAGATTGATTTTTCAAAATTTGATAAATCAAAGACTGGGCTTCAT
ATCAAAGCTGTCATTGGACTCTATAAGCTCTTTGGCCTAGATGGCCTGTTAAAAGTGCTCTGGGAAAAATCGCAATATCAGACTTAC
GTGAAAGATAGAAACTTCGGTCTCGAGGCATATCTATTGTATCAGCAAAAGTCAGGAAATTGTGACACTTACGGTTCGAACACCTGG
TCTGCCGCOGGCGTTGTTAGATTGTCTTCCTTTGGAAGATGCACATTTCTGTGTATTTGGTGGTGATGATTCATTGATATTGTTT
GATCAGGGATACATAATTTCCGACCCATGCCGGCAACTTGCCGGTACTTGGAATCTTGAATGTAAAGTGTTCGACTTCAAGTACCCC
GCATTTTGTGGTAAATTTCTGCTGTGCATAGATGGAAAATATCAATTTGTTCCAGATGCGGCAAAATTTATCACAAAATTAGGTAGA
ACTATGTGAGAGATGTAGAAGTTTTGAGTGAGATTTATATCTCTATCAATGACAATTACAAATCTTACAAAGACTTTAAGGTGCTT
GATGCTTTGGATAAGGCTTTAGTGGATAGATATCGATCCCCTTATAGTGCTATTTCTGCTTTGGTTTCTTTATGTTATCATATCTTT
GACTTTAATAAGTTTAAGTTGCTGTTTAATTGTGAAGGGAAATTTGTGGATAAGAAGCTGAGAAAAGACTTCGAGTAGTGAACTCT
GGTCCTGATGTTTAAATCTACTGTATTTACCTTCGCATGATGGCTACTTTCTCTTGTGTGTGTTGTGGTACCTTAACTACAAGTACT
TACTGTGGTAAGAGATGTGAGCGAAAGCATGTATATTCTGAAACAAGAAATAAGAGATTGGAACTTTACAAGAAGTATCTATTGGAA
CCGCAAAAATGCGCCCTGAATGGAATCGTTGGACACAGTTGTGGAATGCCATGCTCCATTGCGGAAGAGEITGRERGATCAA
ATCGTGAGTAGGTTCTGTGGCCAAAAGCATGCGGATCTGTATGATTCACTTCTGAAACGTTCTGAACAGGAGTTACTTCTTGAATTT
CTCCAGAAGAAGATGCAGGAGCTGAAACTTTCTCATATCGTAAAAATGGCTAAGCTTGAAAGTGAGGTTAACGCAATACGTAAGTCC
GTAGCTTCTTCTTTTGAAGATTCTGTTGGATGTGATGATTCTTCTTCCGTTTCTAAGTAAAAAAAAAARFBARTGEATC
ATTCAAATCTGATGGTGCCCATCAACCATATGATGGGAGTGTTTGCAAGTCCACTATAATCGAACTTGAAAACGATGCCTGAATTGG
AAACCATGAATCTTAACGGACTCTGGAGAGAAAATTTAGGAATTGGTATGTAAGCTACAACTTCCGGTAGCTGCGTCACACTTTAAG
AGTGTGCATACTGAGCCGAAGCTCAGCTTCGGTCCCCCAAGGGAAGACCACGCGTCATGCMAMBGTGRITIGTATTA
GAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCAT
AAAGTCTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCT
GTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCT

4) popds4As sequence:

CTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGT
TATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGC
TGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGGEATZBBIGEGAAACCCGACAGGACTAT
AAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTC
TCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTG
TGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTBAGEBICARCCCGGTAAGACACGACTTATCGC
CACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACG
GCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCA
AACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAREASTAGAAAAAAAGGATCTCAAGAAGATCCTTTGA
TCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCT
AGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCA
GTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCOSDIGACTCCCCGTCGTGTAGATAACTACGATACGGGAGG
GCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCG
GAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTT
CGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGEBEABACGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCT
CCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCA
GAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTT
CTGTGACTGGTGAGTACTCAACCAAGTCATTAREAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATA
ATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGT
TGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAA
CAGGAAGGCAAAATGCCGCAAAAAAGGBBSTFCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAA
GCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTC
CCCGAAAAGTGCCACCTGAAATTGTAAACGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTTTTTAACC
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AATAGGCCGAAATCGGCAAAATCBTARATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTC
CACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAAT
CAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGATGCCCCGATTTAGAGCTTGACGGGGAAAGCCGG
CGAACGTGGCGAGAAAGGAMBAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCA
CCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGC
GGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCAC
GACGTTGTAAAACGABGCAGTGAATTAATACGACTCACTATAGTATAGCTTGAGCATTACCGTCGTGTAATTGCAACACTTGGCT
TGCCAAATAACGCTAAAGCGTTCACGAAACAAACAACACTTCGGCATGGATGTTGTGAAGAAATTCGCCGTCATGTCAGTGACTGTA
GTAGCAGGTCCCGTCCTTACGCTTTCATCACCTGTGGTGGTGACGTTTGGAACAGGCTTAATTGCCGTATCTTTGGTGAAACGGTTG
CTACAGGAACAXLCCGTGTAATTGCTCACGATCACGAACATTACCCAGGTGGTTCTGAGAGCAGTTCTAGCTCTTGTGCTACCGCG
CCTATTTTACGTAATCTTTCGCGAGATCAGTGCGATTCAGAGAATATTGGATGCAGTTCTAGCGCCTGTTCTCCGTCTGAAATTGTG
AAAGTTACAAGGCAGGTAGTGGGAGTTGAACGTGGTCTTTACCGGGACATTTTTCAGGACAACGAAATCCCATCAGTCATGGAAGAG
AAACTGBGAAACTCCTTTACTCTGAGGGTGAGAAGATTCGAAGACGTTGCCAATTTGAAGCATCAACGATGCACTCACGCAAAGTA
AAGGTTCCGGAGGTAGGTACTATCCCAGATATCCAAACTTGGTTCGATGCTACGTTTCCTGGTAACTCCGTTAGGTTTTCTGATTTC
GACGGTTATACTGTTGCTACGGAGGACATTAACATGGATGTTCAGGATTGTAGACTTAAGTTCGGGAAGACTTTTCGACCTTATGAA
TTTAAGGAATCACTGAAACCAGTACTGAGGACAGCAATGCCAGAAAAACGACAGGGTAGTTTGATTGAAAGTGTGCTGGCCTTTCGT
AAAAGAAATTTGGCTGCGCCCAGATTACAAGGAGCTTTGAATGAATGGCACACAATTGAGAATGTGCTAACGAAGGCGTTAAAGGTA
TTCTTCTTTGAAGATTTAATTGATCGAACGGATCACTGCACTTACGAGTCAGCGCTCAGATGGTGGGATAAACAXITAGTGACA
CGAGCGCAGCTCGTGGCGGATCAGCGGAGGTTATGTGATGTTGACTTCACGACTTATAACTTCATGATAAAAAATGATGTAAAGCCG
AAGTTAGATCTAACACCTCAAGTTGAATATGCAGCTTTGCAGACTGTTGTATATCCTGATAAGATAGTCAATGCTTTCTTTGGTCCG
ATCATAAAGGAGATTAATGAACGGATCATCAGAGCGCTTAGACCTCATGTGGTCTTTAATTCTCGTATGARTIGRAATG
GAAACAGCTGCCTTTTTGACACCTCATAAGTACAGAGCCTTAGAGATTGATTTTTCAAAATTTGATAAATCAAAGACTGGGCTTCAT
ATCAAAGCTGTCATTGGACTCTATAAGCTCTTTGGCCTAGATGGCCTGTTAAAAGTGCTCTGGGAAAAATCGCAATATCAGACTTAC
GTGAAAGATAGAAACTTCGGTCTCGAGGCATATCTATTGTATCAGCAAAAGTCAGGAAATTGTGCGAUATCIANCAIETGG
TCTGCCGCCTTGGCGTTGTTAGATTGTCTTCCTTTGGAAGATGCACATTTCTGTGTATTTGGTGGTGATGATTCATTGATATTGTTT
GATCAGGGATACATAATTTCCGACCCATGCCGGCAACTTGCCGGTACTTGGAATCTTGAATGTAAAGTGTTCGACTTCAAGTACCCC
GCATTTTGTGGTAAATTTCTGCTGTGCATAGATGGAAAATATCAATTTGTTCCAGATGCGGEFARAAAAATTAGGTAGA
ACTGATGTGAGAGATGTAGAAGTTTTGAGTGAGATTTATATCTCTATCAATGACAATTACAAATCTTACAAAGACTTTAAGGTGCTT
GATGCTTTGGATAAGGCTTTAGTGGATAGATATCGATCCCCTTATAGTGCTATTTCTGCTTTGGTTTCTTTATGTTATCATATCTTT
GACTTTAATAAGTTTAAGTTGCTGTTTAATTGTGAAGGGAAATTTGTGGATAAGAAGRAGHRGAALGAGTGGTGAACTCTA
GGTCCTGATGTTTAAATCTACTGTATTTACCTTCGCATGATGGCTACTTTCTCTTGTGTGTGTTGTGGTACCTTAACTACAAGTACT
TACTGTGGTAAGAGATGTGAGCGAAAGCATGTATATTCTGAAACAAGAAATAAGAGATTGGAACTTTACAAGAAGTATCTATTGGAA
CCGCAAAAATGCGCCCTGAATGGAATCGTTGGACACAGTTGTGGAATGCCATBUIGAAGAGGCTTGTGATCAACTGCCA
ATCGTGAGTAGGTTCTGTGGCCAAAAGCATGCGGATCTGTATGATTCACTTCTGAAACGTTCTGAACAGGAGTTACTTCTTGAATTT
CTCCAGAAGAAGATGCAGGAGCTGAAACTTTCTCATATCGTAAAAATGGCTAAGCTTGAAAGTGAGGTTAACGCAATACGTAAGTCC
GTAGCTTCTTCTTTTGAAGATTCTGTTGGATGTGATGATTCTTCTTCCBGBIGAGCGGCCGCCTACTTTCAGGAGGATTAC
CATCCAAGAATGCCATTTTCGAGCCATGCGTCTCCTGGAGAAAACGGTTTAGAGCAATCAGAATGCACTGCATGGATAACTCGTCAG
GGTTTATGAAATTGAGGGCCTTGGACATTGCAATGAAAACCTCGTCGTTGACTCGATCAGGAACACCCTGCTTTTCCATCCAGTTAA
TTAATCAGCTAGCTAAAAAAAAAAAAAAATGTTTGATCAGATCAATCRBATGGTGCCCATCAACCATATGATGGGAGTGTTT
GCAAGTCCACTATAATCGAACTTGAAAACGATGCCTGAATTGGAAACCATGAATCTTAACGGACTCTGGAGAGAAAATTTAGGAATT
GGTATGTAAGCTACAACTTCCGGTAGCTGCGTCACACTTTAAGAGTGTGCATACTGAGCCGAAGCTCAGCTTCGGTCCCCCAAGGGA
AGACCAATTTAAATGCGCGCGTCATGCAAGCTTTCCCTARNEIET ATTAGAGCTTGGCGTAATCATGGTCATAGCTGTTTCC
TGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTCTAAAGCCTGGGGTGCCTAATGAGTGAG
CTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACG
CGCGGGGAGAGGCGGTTTGCGTATTGGGCGCT
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APPENDIX B

CT-VALUES OF QRT-PCR EXPERIMENTS

MAP kinase
Well  Well Name Ct (dR) El MAPk b95-6 23.25
Al 18s c-6 11.88 E2 MAPK b95-6 23.12
A2 18s c-6 1.7 E3 MAPK b95-6 23.14
A3 18s c-6 1173 E4 MAPK b95-12 20.29
Ad 18s c-12 12.88 E5 MAPk b95-12 20.16
A5 18s c-12 13.1 E10 MAPk b95-48 27.35
A6 18s c-12 13.07 Ell MAPk b95-48 29.64
A7 18s c-24 14.1 E12 MAPk b95-48 30.13
A8 18s c-24 13.6 F1 MAPk b103-6 23.68
A9 18s c-24 13.8 F2 MAPk b103-6 23.49
A10 18s c-48 121 F3 MAPk b103-6 23.71
All 18s c-48 12.7 F4 MAPk b103-12 23.7
A12 18s c-48 12.3 F5 MAPk b103-12 23.62
B1 18s b95-6 13.08 F6 MAPk b103-12 24.12
B2 18s b95-6 12.58 F11 MAPk b103-48 24.8
B3 18s b95-6 12.65 F12 MAPk b103-48 24.61
B4 18s b95-12 10.94
B5 18s b95-12 10.91 GAMyb
B6 18s b95-12 10.2 Well Well Name Ct (dR)
B7 18s b95-24 2351 Al 18s control 6 13.1
B8 18s b95-24 23.53 A2 18s control 6 13.02
B9 18s b95-24 21.04 A3 18s control 6 12.82
B10 18s b95-48 15.72 A4 18s control 12 12.62
B11 18s b95-48 15.8 A5 18s control 12 12.52
B12 18s b95-48 15.73 A6 18s control 12 12.66
c1 18s b103-6 11.55 A7 18s control 24 13.01
c2 18s b103-6 11.94 A8 18s control 24 13.18
c3 18s b103-6 12.39 A9 18s control 24 12.74
ca 18s b103-12 15.04 Al0 18s control 48 12.38
c5 18s b103-12 14.84 All 18s control 48 12.32
cé6 18s b103-12 14.84 Al12 18s control 48 12.17
c7 18s b103-24 21.25 Bl 1850956 12
cs 18s b103-24 21.91 B2 18sb956 11.99
co 18s b103-24 24.14 B3 1850956 11.73
C10 18s b103-48 17.71 B4 18 s b95 12 12.27
c11 18s b103-48 19.39 B5 18 s b95 12 12.63
c12 18s b103-48 19.81 B6 18 sb9512 1221
D1 MAPK c-6 19.84 B7 18 s h95 24 12.54
D2 MAPK c-6 19.42 B8 18 s h95 24 12.67
D3 MAPK c-6 19.56 B9 18 s h95 24 12.55
D4 MAPK c-12 23.8 B10 18 s b95 48 12.24
D5 MAPK ¢c-12 23.64 B11 18 s b95 48 12.21
D6 MAPK ¢c-12 24.19 B12 18 s b95 48 12.27
D7 MAPK c-24 34.14 Cl 18 s b103 6 13.61
D8 MAPK c-24 34.93 Cc2 18 s b103 6 13.25
C3 18 s b103 6 13.36
D9 MAPk c-24 34.36 Ca 185 b103 12 12,92

120




GAMyb

Cc8 18 s b103 24 11.45
Cc9 18 s b103 24 11.59
C10 18 s b103 48 12.11
C11 18 s b103 48 12.01
C12 18 s b103 48 12.26
E1l myb control 6 29.32
E2 myb control 6 28.97
E3 myb control 6 29.21
E4 myb control 12 29.19
ES5 myb control 12 28.99
E6 myb control 12 29.01
E7 myb control 24 29.61
E8 myb control 24 29.73
E9 myb control 24 29.02
E10 myb control 48 28.51
El1 myb control 48 28.47
E12 myb control 48 28.49
F1 myb b95 6 39.15
F2 myb b95 6 28.48
F3 myb b95 6 28.1
F4 myb b95 12 27.44
F5 myb b95 12 27.2
F6 myb b95 12 27.09
F7 myb b95 24 28.51
F8 myb b95 24 29.09
F9 myb b95 24 28.36
F10 myb b95 48 28.04
F11 myb b95 48 28.11
F12 myb b95 48 28.31
Gl myb b103 6 34.96
G3 myb b103 6 29.49
G4 myb b103 12 27.72
G6 myb b103 12 27.3
G7 myb b103 24 26.77
G8 myb b103 24 27.03
G9 myb b103 24 26.87
G10 myb b103 48 28.45
Gl1 myb b103 48 28.55
G12 myb b103 48 28.32
DNAJ

Well Well Name Ct (dR)

Al 18s control 6 12.91
A2 18s control 6 13.04
A3 18s control 6 13.09
A4 18s control 12 12.55
A5 18s control 12 12.74
A6 18s control 12 12.73
A7 18s control 24 12.98
A8 18s control 24 13.06
A9 18s control 24 13.31
Al0 18s control 48 12.29
All 18s control 48 12.17
Al12 18s control 48 12.31
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B1
B2
B3
B4
B5
B6
B7
B8
B9
B10
B11
B12
c1
c2
cs3
c4
cs5
c6
c7
cs
c9
c10
c11
c12
D1
D2
D3
D4
D5
D6
D7
D8
D9
D10
D11
D12
E1
E2
E3
E4
E5
E6
E7
E8
E9
E10
E1l
E12
F1
F2
F3
F4
F5
F6
F7
F8
F9

18s b95 6

18s b95 6

18s b95 6

18s b95 12
18s b95 12
18s b95 12
18s b95 24
18s b95 24
18s b95 24
18s b95 48
18s b95 48
18s b95 48
18s b103 6
18s b103 6
18s b103 6
18s b103 12
18s b103 12
18s b103 12
18s b103 24
18s b103 24
18s b103 24
18s b103 48
18s b103 48
18s b103 48
dnaj control 6
dnaj control 6
dnaj control 6
dnaj control 12
dnaj control 12
dnaj control 12
dnaj control 24
dnaj control 24
dnaj control 24
dnaj control 48
dnaj control 48
dnaj control 48
dnaj b95 6
dnaj b95 6
dnaj b95 6
dnaj b95 12
dnaj b95 12
dnaj b95 12
dnaj b95 24
dnaj b95 24
dnaj b95 24
dnaj b95 48
dnaj b95 48
dnaj b95 48
dnaj b103 6
dnaj b103 6
dnaj b103 6
dnaj b103 12
dnaj b103 12
dnaj b103 12
dnaj b103 24
dnaj b103 24
dnaj b103 24

11.26
11.09
11.09
11.71
11.56
11.88
12.26

12.3
12.18
11.82
11.91
12.23
13.36
13.36
13.17
13.14
13.05
13.22
11.34
11.79
11.75
12.11
12.26
12.68
24.57
24.51

24.7
24.24
23.85
24.09
24.26
24.24
24.28
24.37
23.73

24.2
29.59

23.8
23.17
23.03
22.67
22.53
23.42
23.37
23.27

23.8
24.03
23.53

24.9
24.76
24.59
22.23

22.3
22.42
22.69
22.28
22.14




Cellulose synthase

Well Well Name Ct

Al 18s control 6 13.46
A2 18s control 6 13.26
A3 18s control 6 13.37
A4 18s control 12 13.16
A5 18s control 12 12.93
A6 18s control 12 13.29
A7 18s control 24 13.36
A8 18s control 24 13.48
A9 18s control 24 13.19
Al10 18s control 48 12.63
All 18s control 48 12.72
Al2 18s control 48 12.63
B1 18s b95 6 11.97
B2 18s b95 6 11.8
B3 18s b95 6 14.43
B4 18s b95 12 12.31
B5 18s b95 12 12.29
B6 18s b95 12 12.41
B7 18s b95 24 12.82
B8 18s b95 24 13.1
B9 18s b95 24 12.44
B10 18s b95 48 12.6
B11 18s b95 48 12.63
B12 18s b95 48 12.18
C1 18s b103 6 14.03
Cc2 18s b103 6 13.33
C3 18s b103 6 13.26
C4 18s b103 12 13.07
C5 18s b103 12 13.25
C6 18s b103 12 13.25
Cc7 18s b103 24 11.75
Cc8 18s b103 24 11.98
Cc9 18s b103 24 11.92
C10 18s b103 48 12.39
C11 18s b103 48 12.28
C12 18s b103 48 12.24
D1 cell synthase 26.09
D2 cell synthase 25.68
D3 cell synthase 25.56
D4 cell synthase 26.21
D5 cell synthase 26.23
D6 cell synthase 26.03
D7 cell synthase 26.08
D8 cell synthase 26.16
D9 cell synthase 26.1
D10 cell synthase 25.17
D11 cell synthase 25.15
D12 cell synthase 25.24
E1l cell synthase b95  25.22
E2 cell synthase b95  24.61
E3 cell synthase b95  24.66
E4 cell synthase b95  24.54
E5 cell synthase b95  24.45
E6 cell synthase b95  24.31
E7 cell synthase b95  25.31
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E8 cell synthase b95  25.36
E9 cell synthase b95 26
E10 cell synthase b95  25.21
El1 cell synthase b95  24.78
E12 cell synthase b95  25.19
F1 cell synthase 26.76
F2 cell synthase 26.35
F3 cell synthase 26.14
F4 cell synthase 24.32
F5 cell synthase 24.63
F6 cell synthase 24.89
F7 cell synthase 24.19
F8 cell synthase 24.08
F9 cell synthase 24.17
F10 cell synthase 26.02
F11 cell synthase 25.61
F12 cell synthase 25.57
Hsp90

Well Well Name Ct (dR)

Al 18sc6 15.17
A2 18sc12 14.65
A3 18sc?24 1451
A4 18sc48 13.75
A5 18sb956 12.32
A6  18s b95 12 13.16
A7  18sb95 24 13.67
A8  18s b95 48 14.04
A9 18s bl03 6 14.74
A10 18s b103 12 14.05
A1l 18sb103 24 13.32
Al12 18s b103 48 15.09
B1  hsp90 control 6 26.86
B2  hsp90 control 6 27.11
B3  hsp90 control 6 27.03
B4  hsp90 control 12 27.56
B5  hsp90 control 12 27.53
B6  hsp90 control 12 27.04
B7  hsp90 control 24 27.41
B8  hsp90 control 24 29.24
B9  hsp90 control 24 28.26
B10 hsp90 control 48 27.62
B11 hsp90 control 48 31.73
B12 hsp90 control 48 27.46
C1l  hsp90 b95 6 26.45
C2  hsp90 b95 6 26.06
C3  hsp90 b95 6 26.28
C4  hsp90 b95 12 26.85
C5  hsp90 b95 12 26.09
C6  hsp90 b95 12 27.05
C7  hsp90 b95 24 27.05
C8  hsp90 b95 24 27.17
C9  hsp90 b95 24 26.97
C10 hsp90 b95 48 26.89
C11 hsp90 b95 48 26.67




APPENDIX C

MiRNA M ICROARRAY ANALYSIS RESULTS

Chip: 01_METU_071010

Sample A: 232b - Cy3
Sample B: mock-a — Cy5
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111/ L Control 144

Custom Sequence

Custom Sequence

Sample A Sample B Cy3/CySs

Table 1 Call list (differentially expressed transcripts with p-value < 0.01)

. - log2
No. Probe ID SzipL?TA bz?p}% B (Sample B /
whgae S1gnat Sample B)

1 11R319a 1,396.78 2,200.81 0.63
2 11R319¢c 3,915.89 5,192.48 0.38
3 11iR319a 2,346.34 3,258.66 0.52
4 1iR168a 11,798.37 8,782.30 -0.46
5| osa-miR396d 12,227.89 8,974.55 -0.45
6 | ppt-miR319a 3,958.52 5,518.33 0.47
71rp iR319c¢ 1,855.11 2,907.20 0.68
8 159f 1,250.98 2,297.16 0.88
9 159 2,448.12 4,072.4¢6 0.78
10 168b 10,250.75 8,353.98 -0.34
11 [ C-ath-miR3! 4,91¢6.66 6,358.39 0.37
12 | c-ptc-miR1 1,269.93 2,281.58 0.85
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Chip: 02 METU 071011

Sample A: 169b — Cy3
Sample B: mock-b — Cy5
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Custom Sequence =

= = = =

Sample A Sample B
Table 2 Call list (differentially expressed transcripts with p-value < 0.01)
» e Sample A Sample B | log2 (Sample B
e Erobe 1D Signal Signal / Sample 2)
1| ath-miR16é8a 9,205.47 5,972.34 -0.53
2 | ppt-mirRBG4 13,060.51 9,160.52 -0.51
3 1iR156a 7,402.61 5,:331.29 -0.47
4 [ osa-miR168a 16,740.53 | 13,869.41 -0.33
5| ath-miR15%b 22,230.46 | 25,682.16 0.19
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Chip: 03_METU_071012

Sample A: R41 - Cy3
Sample B: R67 — Cy5

{ §L.C Obntrol | !

B 3
£ £
8 8
© B
-l -

Sample A Sample B Cy3/Cy5
Table 3 Call list (differentially expressed transeripts with p-value < 0.01)
W log2
No. Probe ID S;ip;:]B (sample B /
gnat Sample R)
1| ath-miRB54a .00 2,490.30 1.7
2 | ptc-mirR474a 0.07 7,394.63 -0.64
3 | ptc-miR474b .46 6,435.40 -0.74
4 | ptc-miR474c 0 23 6,830.56 -0.867
5| C-ath-miRB854a 1,153.12 2,452.53 1.04
6 | C-ath-miR854b 1,228.00 2,564.68 1.09
7 | c-ath-miRB854c 1,193.21 2,664.11 0.97
8 [ C-ath-miR854d 1,301.77 2,599.15 0.96
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Group A: 232b

Group

B: 1696

Reporter Name

ath-miR169%9b

04

ath-miRl16%a

i
-]

305 | ppt-mirRE 94 7,189 10,161 0.50
3587 | sof-miR15%9e 3,158 4,650 0.57
382 | zma-miR16%9e 1485 11 -4.07
1,004 696 -0.53
2,758 2,270 -0.28
5 932 ed3 -0.56
S 2,040 1,711 -0.25
, 684 3,341 0.9%

-

[R]
[R]

14

14
14 la, 17,070 -0.14
171 | osa-miR159%a 14 20, 8,765 -0.15
390 | zma-miR162 14 25 0 -13.22
343 | pte-miR1721 14 45 13 -1.78
202 | o5a-miR393b 14 1,947 1,635 -0.25
Ept-mi 04 441 655 0.57
shi-miRl64c 14 2,575 2,156 -0.26
1758 | oza-miR164c 14 2,344 2,042 -0.20
212 | osa-miR396d -04 15 13,981 -0.16
20 | ath-miR167cC 1,612 1,347 -0.26
346 | ptc-miR395a 8 3 -2.77
34% | ptc-miR397b 20 0 -6.22
388 | sof-miR168b 13,392 -0.18
326 | pte-miR167E 2,964 2,468 -0.26
25 | ath-mir169d 876 752 -0.38
282 | ppt-miR318c 2,290 3,135 0.45
204 | cga-miR395hb 114 63 -0.86
187 | oza-miR167d 3,086 2,665 -0.21
385 | sbi-miR172a 51 22 -1.21
38 | ath-miR390a 45 25 -0.86
51 | ath-miR823 32 61 0.91
181 | osa-miR164e 3,17 2,856 -0.15

= | s

3 | ath-miR156h 28 56l 1.00
380 | ptc-miR482 32 12 -1.43
270 | ppt-miR121%a 35 15 -1.23
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Group A:232b

Group B:169b
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Group A:232b

Group B:169b
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Group 1 bo5 inf. 6 hpi
Group 2 b103 inf. 6 hpi
Group 1 | Group 2 | Log2 (G2/G1)
Mo. Reporter Name p-value Mean Mean
255 | C-osa-miR168a-9g 1.16E-03 631 424 -0.57
291 | osa-miR1436 1.28E-03 2,183 1,271 -0.78
250 | C-gma-miR31%a-17g 2.24E-03 612 346 0.47
260 | C-pte-miR159f-1g 2.41E-03 | 1,300 1,705 0.39
268 | gma-miR319a 3.01E-03 857 1,280 .58
788 | wi-miR319b 7.80E-03 846 1,189 0.49
578 | pta-miR319 3.89E-03 589 769 .39
263 | C-sof-miR15%-18c 714 1,081 0,60
737 | sof-miR168b 559 409 -0.45
575 | pta-miR159¢ 764 048 0.31
574 | pta-miR159b 622 745 0.26
604 | ptc-miR159f 1,289 1,708 0.41
2 | ath-miR156q 462 342 -0.43
1 | ath-miR156a 454 341 -0.41
573 | pta-miR159a 1,240 1,441 0.22
545 | ppt-miR894 1,166 1,331 0.19
36 | ath-miR319a 5.16E-02 744 339 0.26
600 | ptc-miR1450 5.28E-02 61,631 46,632 -0.40
313 | osa-miR168a 5.74E-02 604 448 -0.43
Following transcripts are statistically significant but have low signals (signal < 500)
651 | ptc-miR474a 2.14E-04 52 181 1.79
652 | ptc-miR474b 3.14E-04 53 191 1.85
653 | ptc-miR474c 3.28E-04 56 180 1.68
789 | wi-miR319 3.32E-04 48 209 2.14
157 | bna-miR156a 4.67E-04 436 274 -0.67
307 | osa-miR164d 4 90E-04 237 137 -0.79
16 | ath-miR164c 1.85E-03 242 145 -0.74
168 | C-ath-miR168a-15a 2.38E-03 159 123 -0.38
365 | osa-miR528 2.66E-03 75 49 -0.62
254 | C-osa-miR156l-21c 2.77E-03 439 271 -0.70
167 | C-ath-miR156g-10u 3.06E-03 323 228 -0.50
207 | C-ath-miR854b 3.42E-03 32 50 0.65
208 | C-ath-miR854c 3.45E-03 34 50 0.56
635 | ptc-miR396f 3.93E-03 15 35 1.23
676 | sbi-miR164c 5.53E-03 314 197 -0.67
298 | osa-miR156! 3.39E-03 358 236 -0.60
306 | osa-miR164c 8.48E-03 276 184 -0.59
131 | ath-miR854a 0.23E-03 28 43 0.76
324 | osa-miR319a 28 58 1.05
206 | C-ath-miR854a 33 49 0.57
15 | ath-miR164a 224 132 -0.76
209 | C-ath-miR854d 33 48 0.56
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40 | ath-miR393a 97 114 0.24
264 | C-sof-miR168b-16c 88 73 -0.28
608 | ptc-miR164f 356 235 -0.60
269 | gma-miR319c 40 80 1.00
308 | osa-miR164e 360 261 -0.46
359 | osa-miR444b.1 184 161 -0.19
754 | tae-miR1132 18 32 0.84

27 | ath-miR169h 23 31 0.41

20 | ath-miR167c¢ 127 152 0.26

22 | ath-miR168a 317 247 -0.36
765 | wi-miR159a 5.16E-02 326 246 -0.40
767 | wi-miR166b 5.47E-02 46 37 -0.30
675 | shi-miR156e 5.88E-02 443 329 -0.43
265 | ghr-miR156¢c 8.33E-02 368 272 -0.44

17 | ath-miR165a 8.74E-02 29 39 0.42

3 | ath-miR156h 8.83E-02 86 110 0.34
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Group 1 b95 inf. 12 hpi
Group 2 b103 inf. 12 hpi
Group 1 | Group 2 | Log2 (G2/G1)
MNo. Reporter Name p-value Mean Mean
545 | ppt-miR894 2.42E-08 4,559 314 -3.86
255 | C-o0sa-miR168a-9g 1.61E-08 1,441 220 -2.71
169 | C-ath-miR319a-19a 1.27E-07 1,160 2,356 1.02
308 | osa-miR164e 1.64E-07 1,281 421 -1.60
307 | osa-miR164d 2. 19E-07 1,022 313 -1.71
313 | osa-miR168a .64E-07 1,631 268 -2.60
16 | ath-miR164c 1.19E-06 1,082 314 -1.79
306 | osa-miR164c 1.48E-06 1,092 344 -1.67
260 | C-ptc-miR159f-1g 2.46E-06 546 1,136 1.06
676 | shi-miR164c 5.07E-06 1,111 326 -1.77
208 | C-ath-miR854c 6.13E-06 51 602 3.57
737 | sof-miR168b 6.18E-06 1,355 205 -2.73
15 | ath-miR164a 9.45E-06 1,050 304 -1.79
209 | C-ath-miRB854d 1.71E-05 55 611 3.47
632 | ptc-miR319e 2.19E-05 954 1,907 1.00
207 | C-ath-miR354b 2.28E-05 52 601 3.53
302 | osa-miR15%e 2.48E-05 1,698 2,815 0.73
573 | pta-miR159a 2.97E-05 anz 1,711 0.92
788 | vvi-miR319b 3.08E-05 a6l 1,204 0.87
37 | ath-miR319¢ 3.18E-05 930 1,952 1.07
600 | ptc-miR1450 1.68E-05 | 73,699 16,519 -2.16
206 | C-ath-miR854a 4.839E-05 47 602 3.68
300 | osa-miR159¢ 5.04E-05 1,602 2,770 0.79
21 | ath-miR167d 5.73E-05 603 270 -1.16
291 | osa-miR1436 7.47E-05 1,480 746 -0.99
574 | pta-miR159b 8.13E-05 219 493 1.17
602 | pte-miR159d 8.42E-05 1,661 2,694 0.70
575 | pta-miR159¢ 9.73E-05 531 967 0.87
736 [ sof-miR15%e 1.48E-04 1,254 2,408 0.94
513 | ppt-miR319a 1.59E-04 1,132 2,273 1.01
365 | osa-miR528 1.61E-04 084 275 -1.31
301 | osa-miR159d 1.65E-04 1,943 2,967 0.61
608 | ptc-miR164f 1.89E-04 1,207 372 -1.70
268 | gma-miR319a 1.94E-04 700 1,251 0.84
36 | ath-miR319a 2.02E-04 510 1,031 1.02
19 | ath-miR167a 2.04E-04 500 240 -1.06
604 | ptc-miR159f 4.66E-04 553 1,173 1.09
131 | ath-miR854a 5.77E-04 53 612 3.53
22 | ath-miR168a 1.10E-03 578 59 -3.30
10 | ath-miR159¢ 1.89E-03 1,880 2,826 0.59
1 | ath-miR156a 5.31E-03 303 525 0.79
611 | pte-miR167e 6.64E-03 556 273 -1.03
2 | ath-miR156g 6.73E-03 312 518 0.73
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157 | bna-miR156a 7.48E-03 264 469 (.83
612 | pte-miR167f 7.51E-03 489 240 -1.03
299 | osa-miR159a 9.44E-02 4,714 4,370 -0.11
Following transcripts are statistically significant but have low signals (signal < 500)

264 | C-sof-miR168b-16¢ 1.12E-06 75 11 -2.75
167 | C-ath-miR156g-10u 3.07E-06 29 194 2.75
263 | C-sof-miR159e-18c 3.31E-05 111 383 1.78
257 | C-ppt-miR319a-2a 6.85E-05 35 152 2.13
259 | C-ptc-miR156k-3g 1.02E-04 40 118 1.57
250 | C-gma-miR319a-17¢g 2.02E-04 51 285 247
168 | C-ath-miR168a-15a 2.49E-04 298 22 -3.75
609 | ptc-miR166n 3.09E-04 92 43 -1.09
677 | shi-miR1b66a 3.81E-04 248 95 -1.38
254 | C-osa-miR156l-21c 5.55E-04 194 399 1.04
314 | osa-miR168h 5.78E-04 176 22 -3.00
578 | pta-miR319 5.97E-04 211 4449 1.09
653 | ptc-miR474c 6.33E-04 54 i3 -2.03
675 | shi-miR156e 6.56E-04 253 434 0.78
312 | osa-miR166m 7.14E-04 276 100 -1.46

18 | ath-miR166a 1.09E-03 278 107 -1.38
166 | C-ath-miR156a-11c 1.19E-03 17 168 3.27
613 | ptc-miR167h 1.30E-03 243 130 -0.91
335 | osa-miR396d 1.32E-03 268 411 0.62
765 | wwi-miR159a 1.48E-03 29 146 2.35
651 | ptc-miR474a 1.67E-03 44 13 -1.80
298 | osa-miR156 2.11E-03 151 349 1.20
769 | wvi-miR166d 2.12E-03 189 76 -1.31
262 | C-sbi-miR156e-12g 2.48E-03 20 155 2.98
767 | vvi-miR166b 3.29E-03 181 74 -1.29
747 | tae-miR1125 4.59E-03 25 101 1.99
267 | gma-miR156h 5.00E-03 49 191 1.96
265 | ghr-miR156c 108 269 1.32
601 | pte-miR156k 72 198 1.46
547 | ppt-miR896 39 10 -1.95
652 | ptc-miR474b 39 16 -1.34
763 | wwi-miR156e 43 165 1.94
159 | bna-miR167a 78 53 -0.56
605 | ptc-miR1i60e 20 33 0.75
510 | ppt-miR167 253 135 -0.90
164 | bna-miR393 79 48 -0.73
792 | wwi-miR396a 10 32 1.68
249 | C-gma-miR156b-20a 14 59 2.03
770 | wi-miR167¢ 95 64 -0.56
793 | wvi-miR396b 8.59E-02 9 33 1.78
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Group 1 b95 inf. 24 hpi
Group 2 b103 inf. 24 hpi
Group 1 | Group 2 | Log2 (G2/G1)
MNo. Reporter Name p-value Mean Mean
254 | C-osa-miR156l-21c 5.02E-06 300 530 0.82
255 | C-osa-miR168a-9q 7.31E-06 o003 476 -0.93
545 | ppt-miR894 1.22E-05 | 2,508 862 -1.54
157 | bna-miR156a 1.54E-05 340 582 0.78
298 | osa-miR156l 4.04E-05 246 472 0.94
169 | C-ath-miR319a-19a 8.65E-05 1,635 1,937 .24
291 | osa-miR1436 2.43E-04 1,061 632 -0.75
1 | ath-miR156a 5.58E-04 366 620 0.76
313 | osa-miR168a 7.44E-04 941 540 -0.80
675 | shi-miR156e 1.03E-03 355 568 0.68
600 | ptc-miR1450 141E-03 | 46,787 | 33,329 -0.49
335 | osa-miR396d 1.73E-03 568 263 -1.11
737 | sof-miR168h 4.27E-03 328 445 -0.90
301 | osa-miR159d 4.52E-03 2,896 3,195 0.14
2 | ath-miR156g 2.44E-03 374 619 0.73
578 | pta-miR319 8.38E-03 385 469 0.29
300 | osa-miR159c 8.38E-03 2,639 2,919 0.15
302 | osa-miR159%e 2,713 3,031 0.16
788 | wi-miR319b 744 824 0.15
10 | ath-miR159¢ 2,746 3,097 0.17
9 | ath-miR159b 3,575 3,921 0.13
299 | psa-miR159%a 3,803 4,080 0.10
8 | ath-miR159a 3,585 3,888 0.12
303 | osa-miR159f 3,611 3,875 0.10
308 | osa-miRl64e 548 475 -0.21
608 | ptc-miR164f 519 425 -0.29
602 | ptc-miR159d 532E-02 | 2,704 | 2,923 0.1
573 | pta-miR159a 5.57E-02 1,005 1,112 0.15
736 | sof-miR159%e 6.64E-02 1,376 1,720 0.32
260 | C-ptc-miR159f-1g 7.01E-02 1,045 1,124 0.10
632 | ptc-miR319%e 8.87E-02 1,233 1,353 0.13
268 | gma-miR319a 9.98E-02 790 831 0.07
Following transcripts are statistically significant but have low signals (signal < 500)
747 | tae-miR1125 1.29E-06 15 353 4.59
168 | C-ath-miR168a-15a 7.84E-05 77 20 -1.94
365 | osa-miR528 1.27E-04 86 249 1.53
167 | C-ath-miR156g-10u 2.06E-04 178 248 .48
265 | ghr-miR156¢ 2.85E-04 243 441 .86
264 | C-sof-miR168b-16¢ 5.39E-04 48 11 -2.11
756 | tae-miR1134 6.14E-04 120 40 -1.59
596 | ptc-miR1446a 7.16E-04 38 315 3.07
164 | bna-miR393 1.20E-03 263 125 -1.08
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547 | ppt-miR896 1.71E-03 132 24 -2.44
166 | C-ath-miR156a-11c 1.76E-03 173 124 -(.48
19 | ath-miR167a 3.54E-03 283 349 (.30
574 | pta-miR159h 3.57E-03 293 430 (.55
651 | ptc-miR474a 5.53E-03 95 H -1.22
652 | pte-miR474hb 6.21E-03 96 30 -1.66
59 | ath-miR404 6.25E-03 10 37 1.85
40 | ath-miR393a 8.87E-03 65 27 -1.28
609 | ptc-miR166n 53 28 -0.93
325 | osa-miR393b 228 118 -0.95
22 | ath-miR168a 304 161 -0.92
653 | pte-miR474c 104 39 -1.44
763 | wi-miR156e 143 221 (.62
769 | wi-miR166d 54 37 -0.55
18 | ath-miR166a 113 47 -1.28
312 | osa-miRi166m 91 46 -0.98
677 | shi-miR166a 91 43 -1.06
17 | ath-miR165a 66 25 -1.40
767 | wi-miR166b 71 38 -0.90
259 | C-ptc-miR156k-3g 116 85 -0.46
16 | ath-miR164c 302 332 0.14
309 | osa-miR166e 6.46E-02 36 19 -0.90
314 | osa-miR168b 7.84E-02 52 27 -0.98
21 | ath-miR167d 8.35E-02 330 381 0.21
267 | gma-miR156b 8.72E-02 147 199 0.43
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Group 1 b95 inf. 48 hpi
Group 2 b103 inf. 48 hpi
Group 1 | Group 2 | Log2 (G2/G1)
Mo. Reporter Name p-value Mean Mean
545 | ppt-miR894 2.94E-05 1,725 1,237 -0.48
737 | sof-miR168b 1.63E-03 542 353 -0.62
313 | osa-miR168a 2.67E-03 569 396 -0.52
600 | pte-miR1450 3.30E-03 | 49,112 [ 35,001 ~0.49
255 | C-osa-miR168a-9g 3.78E-03 558 400 -0.43
250 | C-gma-miR319a-17g 4.63E-03 779 648 -0.27
574 | pta-miR159h 7.00E-03 860 724 -0.25
575 | pta-miR159¢ 1,014 957 -0.08
788 | wwi-miR319b 1,089 1,164 0.10
169 | C-ath-miR319a-19a 1,980 1,947 -0.02
268 | gma-miR319a 1,129 1,242 0.14
8 | ath-miR159a 3,064 | 3,322 0.12
302 | osa-miR159%&e 7.36E-02 2,397 2,502 0.06
263 | C-sof-miR159e-18¢ 8.22E-02 925 834 -0.15
303 | osa-miR159f 8.88E-02 3,118 3,286 0.08
9 | ath-miR159b 9.51E-02 3,115 3,369 011
Following transcripts are statistically significant but have low signals (signal < 500)
206 | C-ath-miR854a 1.53E-06 52 109 1.07
252 | C-hsa-miR-675 1.64E-06 55 i1 -2.38
208 | C-ath-miR854¢ 2.25E-06 57 114 1.01
27 | ath-miR169h 2.85E-06 15 54 1.86
207 | C-ath-miR354b 4.92E-06 58 115 1.00
314 | osa-miR168h 1.18E-05 87 27 -1.68
264 | C-sof-miR168b-16¢ 1.27E-05 73 27 -1.42
131 | ath-miR854a 2.83E-05 56 111 0.99
25 | ath-miR169d 3.61E-05 14 52 1.86
618 | ptc-miR169s 4.86E-05 13 48 1.87
24 | ath-miR169b 1.05E-04 15 44 1.56
168 | C-ath-miR168a-15a 1.43E-04 135 39 -1.80
166 | C-ath-miR156a-11c 1.58E-04 144 206 0.52
312 | osa-miR166m 1.87E-04 35 (531 -0.43
357 | osa-miR444a.1 2.31E-04 38 17 -1.18
775 | wi-miR1690 2.42E-04 12 29 1.28
617 | ptc-miR169q 3.14E-04 11 34 1.59
335 | osa-miR396d 5.12E-04 235 316 .43
209 | C-ath-miR854d 5.40E-04 56 107 0.95
508 | ppt-miR166] 5.94E-04 38 20 -0.91
269 | gma-miR319¢ 7.58E-04 43 20 -1.14
325 | osa-miR393b 1.01E-03 125 79 -0.66
677 | shi-miR166a 1.23E-03 87 69 -0.34
159 | bna-miR167a 1.34E-03 146 107 -0.45
254 | C-osa-miR156l-21c 1.43E-03 301 377 .33
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22 | ath-miR168a 1.59E-03 251 156 -0.68
359 | osa-miR444b.1 2.15E-03 137 107 -0.36
316 | osa-miR169e 2.64E-03 16 50 1.62
616 | ptc-miR16%9%0 2.99E-03 13 52 2.00
157 | bna-miR156a 3.75E-03 318 405 0.35
756 | tae-miR1134 4.51E-03 34 i6 -1.06
596 | ptc-miR1446a 5.32E-03 149 34 -2.16

2 | ath-miR156q 6.54E-03 341 467 0.46

23 | ath-miR169a 3.01E-03 10 40 1.95
547 | ppt-miR896 8.61E-03 44 21 -1.08
811 | zma-miR171c 9.11E-03 31 21 -0.55
773 | wvi-miR169| 9.76E-03 12 27 1.17
652 | ptc-miR474h 47 168 1.83
765 | wi-miR159%a 408 201 -1.02

40 | ath-miR393a 56 27 -1.03
257 | C-ppt-miR319a-2a 156 118 -0.40
767 | wvi-miR166h 77 57 -0.42
298 | osa-miR156l 252 333 0.40)
259 | C-ptc-miR156k-3g 156 117 -0.42
651 | ptc-miR474a 47 160 1.78
160 | bna-miR169¢ 13 38 1.54
653 | ptc-miR474c 52 169 1.70
609 | ptc-miR166n 55 41 -0.42

1 | ath-miR156a 347 468 0.43
675 | shi-miR156e 338 423 0.32
789 | wwi-miR31%e 64 43 -().56
727 | smo-miR156¢ 60 33 -(.85
621 | ptc-miR169y 12 32 1.47
613 | ptc-miR167h 290 238 -0.28
265 | ghr-miR156¢ 253 324 0.35
249 | C-gma-miR156b-20a 93 61 -0.67
770 | wwi-miR167c 153 121 -0.34
164 | bna-miR393 127 92 -0.47
533 | ppt-miR533a* 27 5 -2.44

16 | ath-miR164c 205 178 -0.20

21 | ath-miR167d 5.04E-02 284 250 -0.19
311 | osa-miR166k 5.04E-02 63 49 -0.37

19 | ath-miR167a 5.26E-02 265 230 -0.20

20 | ath-miR167¢ 5.32E-02 154 122 -0.34
610 | ptc-miR166p 6.92E-02 31 21 -0.54
764 | wvi-miR156h 7.51E-02 35 58 -0.56
763 | wwi-miR156e 7.75E-02 191 227 0.25
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Sample A: b95 inf. 6 hpi — Cy3
Sample B: b95-control 6 hp: — Cy5
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Table 2 Call list (differentially expressed transcripts with p-value < 0.01)

Sample A Sample B log2 (Sample B
No. Probe_ID Sigil)wl SiIJI-I)Ia| ?Sa(mplel A)

1 | ath-miR156a 182.53 529.47 1.50
2 | ath-miR156g 195.03 529.07 1.44
3 | ath-miR159a 4,035.35 4,933.70 .29
4 | ath-miR159b 4,122.37 4,741.43 .24
5 | ath-miR159¢ 2,201.38 2,859.48 0.38
6 | ath-miR164a 789.11 501.83 -0.67
7 | ath-miR164c 797.52 513.89 -0.63
8 | ath-miR166a 197.77 108.79 -0.87
9 | ath-miR168a 360.71 170.30 -1.11
10 | bna-miR156a 160.50 422.48 1.45
11 | ghr-miR156¢c 66.86 226.15 1.71
12 | gma-miR156b 22.22 102.27 2.21
13 | osa-miR1436 1,584.20 1,166.76 -0.44
14 | osa-miR156l 79.54 275.04 1.78
15 | osa-miR159a 4,350.78 5,075.10 0.22
16 | osa-miR159c 1,813.49 2,463.96 (.38
17 | osa-miR159d 2,244.58 2,846.47 0.36
18 | osa-miR15% 1,952.97 2,478.00 0.31
19 | osa-miR164c 869.74 512.37 -0.72
20 | osa-miR164d 738.20 462.59 -0.67
21 | osa-miR164e 1,068.97 676.67 -0.69
22 | osa-miR168a 1,614.14 1,020.87 -0.70
23 | osa-miR168h 132.93 53.57 -1.31
24 | osa-miR396d 170.70 425.40 1.35
25 | osa-miR528 368.96 112.75 -1.76
26 | ppt-miR319a 1,185.98 1,613.49 0.44
27 | ppt-miR894 4,810.64 2,500.66 -0.99
28 | ptc-miR1450 70,214.47 37,257.11 -(.95
29 | ptc-miR159d 1,929.94 2,584.93 0.39
30 | pte-miR164f 1,048.48 658.69 -0.67
31 [ pte-miR319%e 999.05 1,283.09 (.36
32 | shi-miR156e 147.09 404.18 1.47
33 | shi-miR164c 864.16 526.70 -0.73
34 | sof-miR168b 1,294.73 851.36 -(.56
35 | wi-miR156e 19.77 88.87 2.17
36 | C-ath-miR156a-11c 9.10 87.70 3.18
37 | C-ath-miR156g-10u 17.88 105.10 2.87
38 | C-ath-miR168a-15a 187.95 64.56 -1.43
39 | C-ath-miR319a-19a 1,316.53 1,718.93 0.41
40 | C-ath-miR854a 31.24 108.96 1.86
41 | C-ath-miR854h 38.91 109.02 1.40
42 | C-ath-miR854¢ 38.03 100.86 1.42
43 | C-osa-miR156l-21c 115.31 393.45 1.81
44 | C-osa-miR168a-9g 1,399.72 971.35 -0.55
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Table 1 Call list (differentially expressed transcripts with p-value < 0.01)

Sample A Sample B log2 (Sample B
No. Probe_ID Si[_'llilal Sig?lal ,-';]!ngpleI A)

1 | ath-miR156h 218.53 367.38 .75
2 | ath-miR164a 853.71 646.29 -0.41
3 | ath-miR164c 859.15 548.09 -0.37
4 | ath-miR168a 1,165.54 790.94 -().57
5 | ath-miR319¢ 3,962.92 4,649.23 0.23
6 | osa-miR1432 321.32 207.27 -0.67
7 | osa-miR1436 5,594.28 4,155.41 -().39
8 | osa-miR159a 6,316.46 /,628.63 0.27
9 | osa-miR159¢ 4,682.26 5,587.82 .26
10 | osa-miR159d 4,897.43 5,825.96 0.25
11 | osa-miR15% 4,721.93 5,670.59 0.26
12 | osa-miR159f 6,032.59 7,373.97 .29
13 | osa-miR164c 1,045.97 757.62 -0.47
14 | osa-miR164d 811.41 590,28 -().46
15 | osa-miR164e 1,293.38 898.06 -(.42
16 | osa-miR168a 2,029.90 1,522.00 -0.39
17 | osa-miR396d 1,850.48 2,715.39 .54
18 | osa-miR444b.1 636.23 424,20 -(.59
19 | ppt-miR319a 4,381.22 5,132.53 0.23
20 | ppt-miR894 3,012.81 3,560.52 0.24
21 | pta-miR159%a 3,631.24 4,329.98 0.27
22 | pta-miR159¢ 2,614.90 3,062.20 .23
23 | ptc-miR1450 71,180.86 17,368.92 2.01
24 | pte-miR156k 951.14 1,281.57 .43
25 | pte-miR164f 1,202.32 889.60 -().50
26 | ptc-miR167e 591.34 621.54 -(.52
27 | pte-miR167f 816.62 610.37 -(0.42
28 | ptc-miR319e 3,809.60 4,584.12 0.27
29 | shi-miR164c 1,087.21 825.68 -0.37
30 | sof-miR159%e 4,432.81 5,257.85 .26
31 | tae-miR1134 7.86 53.82 2.73
32 [ wwi-miR156e 990.47 1,266.28 .35
33 | wwi-miR156h 284.64 433.58 .62
34 | wi-miR319b 2,782.64 3,357.85 0.27
35 | C-ath-miR156a-11c 965.12 1,282.23 .42
36 | C-ath-miR319a-19a 4,811.32 5,728.72 .29
37 | C-gma-miR156b-20a 388.45 502.92 0.71
38 | C-ppt-miR319a-2a 624.46 1,023.37 0.62
39 | C-ptc-miR156k-3g 591.52 911.22 0.55
40 | C-shi-miR156e-12q b32.67 1,012.58 .57
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Sample A: b95 inf. 24 hpi — Cy3
Sample B: b95-control 24 hp: — Cy3
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Table 3 Call list (differentially expressed transcripts with p-value < 0.01)

Sample A Sample B log2 (Sample B
No. Probe_ID Sil]l-l)]a| Sigﬁ)lal ,-?Se(l:mple! A)

1 | ath-miR156a 158.40 66.63 -1.31
2 | ath-miR156g 165.88 65.19 -1.30
3 | ath-miR164a 132.05 284.59 1.08
4 | ath-miR164c 135.81 290.16 1.12
5 | ath-miR167a 134.48 54.50 -1.30
6 | ath-miR167¢ 64.65 24.46 -1.40)
7 | ath-miR167d 150.13 54.47 -1.46
8 | ath-miR854a 35.29 120.20 1.77
9 | bna-miR156a 147.59 54.04 -1.45
10 | bna-miR393 126.48 37.20 -1.65
11 | ghr-miR156¢ 116.29 39.24 -1.40)
12 | osa-miR1432 55.94 12.74 -2.15
13 | osa-miR1436 459.40 1,195.88 1.39
14 | osa-miR156l 115.55 46.93 -1.30
15 | osa-miR164c 174.34 405.34 1.26
16 | osa-miR164d 139.55 323.04 1.19
17 | osa-miR1&4e 238.88 515.53 1.11
18 | osa-miR393b 106.46 30.17 -1.78
19 | osa-miR396d 248.58 66.04 -1.91
20 | osa-miR528 44.85 133.57 1.53
21 | ppt-miR167 119.89 48.20 -1.37
22 | ptc-miR1446a 20.07 98.30 2.06
23 | ptc-miR1450 46,817.11 42,250.92 -0.15
24 | ptc-miR159f 460.86 269.07 -0.78
25 | pte-miR164f 228.23 538.55 1.25
26 | pte-miR167e 152.28 66.97 -1.16
27 | pte-miR167f 146.40 57.58 -1.28
28 | ptc-miR167h 142.60 60.28 -1.26
29 | shi-miR156e 154.84 74.57 -1.11
30 | shi-miR164c 193.13 4003.87 1.06
31 | tae-miR1125 10.24 153.83 3.91
32 | tae-miR1134 65.34 155.65 1.25
33 | C-ath-miR854a 38.35 121.17 1.65
34 | C-ath-miR854b 35.63 107.20 1.81
35 | C-ath-miR854c 35.50 119.66 1.71
36 | C-ath-miR854d 37.84 108.03 1.60
37 | C-osa-miR156/-21c 136.00 52.51 -1.31
38 | C-ptc-miR159f-1g 452.15 251.16 -0.85
39 | C-sof-miR159e-18c 204.98 81.56 -1.33
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Sample A: b95 inf. 48 hp: — Cy3
Sample B: b95-control 48 hp: — Cy5
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Table 4 Call list (differentially expressed transcripts with p-value < 0.01)

Sample A Sample B log2 (Sample B
No. Probe_ID Sil]l-l)'la| Sigﬁ)]al :ijfngnlpleI A)

1 | ath-miR156h 35.89 4.83 -2.76
2 | ath-miR319a 664.33 200.42 -1.71
3 | ath-miR319¢c 1,025.43 592.65 -0.80
4 | gma-miR319a 768.03 298.82 -1.40
5 | gma-miR319c¢ 31.08 2.97 -3.34
6 | osa-miR166k 44.23 149.42 1.74
7 | osa-miR166m 60.99 222.19 1.87
8 | osa-miR168a 359.09 1,022.81 1.47
9 | osa-miR168b 65.72 18.04 -1.91
10 | osa-miR396d 178.42 439.87 1.29
11 | ppt-miR319a 1,170.59 861.01 -0.43
12 | ppt-miR894 1,062.54 2,885.34 1.46
13 | pta-miR159%a 954.15 467.81 -1.01
14 | pta-miR159bh 633.40 109.19 -2.55
15 | pta-miR159c 708.56 171.73 -2.06
16 | pta-miR319 597.45 112.03 -2.43
17 | ptc-miR159f 1,118.93 285.28 -1.99
18 | ptc-miR319%e 1,036.88 620.63 -0.74
19 | ptc-miR474a 42.45 8.28 -2.43
20 | pte-miR474h 45.52 5.85 -2.96
21 | pte-miR474c 49.78 12.39 -2.04
22 | shi-miR164c 199.66 317.45 0.67
23 | shi-miR166a 62.23 202.13 1.69
24 | smo-miR156¢ 44.68 8.16 -2.54
25 | sof-miR159% 1,259.19 544.85 -1.21
26 | sof-miR168h 354.29 1,088.13 1.61
27 | tae-miR1134 21.58 249.94 3.54
28 | wvi-miR156h 68.62 20.16 -1.77
29 | wvi-miR159a 297.48 44.32 -2.75
30 | wvi-miR166h 56.27 179.03 1.65
31 | wvi-miR166d 48.26 146.69 1.60
32 | wi-miR319h 731.42 299.00 -1.31
33 | wwi-miR319%e 48.41 10.80 -1.92
34 | C-ath-miR156a-11c 110.54 48.31 -1.21
35 | C-gma-miR156b-20a 69.44 15.47 -2.23
36 | C-gma-miR319a-17q 602.74 88.79 -2.77
37 | C-osa-miR168a-9g 363.41 1,063.03 1.56
38 | C-ptc-miR159f-1g 1,096.93 308.53 -1.85
39 | C-shi-miR156e-12q 88.89 30.02 -1.55
40 | C-sof-miR159e-18¢ 727.04 93.47 -3.01
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Sample A: b103 inf. 6 hp: — Cy3
Sample B: b103 control 6 hp: — Cy3
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Table 5 Call list (differentially expressed transcripts with p-value < 0.01)

Sample A Sample B log2 (Sample B
No. Probe_ID Sil]l-l)la| Sigﬁ)lal ?Se(l:mplta! A)

1 | ath-miR156a 1,746.95 2,289.73 0.41
2 | ath-miR156g 1,778.15 2,274.01 0.39
3 | ath-miR156h 384.77 666.12 0.79
4 | ath-miR159c 7,612.73 b,667.38 -0.19
5 | ath-miR164c 881.43 690.72 -0.35
6 | ath-miR165a 171.52 83.36 -1.04
7 | ath-miR166a 292.48 133.50 -1.11
8 [ ath-miR167a 1,201.40 760.26 -0.76
9 | ath-miR167¢ 880.26 586.89 -0.62
10 | ath-miR167d 1,275.92 754.46 -0.75
11 | ath-miR319a 4,094.35 3,601.35 -0.18
12 | ath-miR396a 30.53 79.50 1.4
13 | ath-miR854a 222.43 383.30 0.79
14 | bna-miR156a 1,550.93 1,989.29 0.53
15 | bna-miR167a 699.54 421.98 -0.69
16 | ghr-miR156c¢ 1,576.41 2,080.41 0.41
17 | gma-miR156b 1,520.83 2,113.71 .48
18 | gma-miR319%a 5,131.33 4,481.53 -(.19
19 | osa-miR1432 565.88 229.99 -1.30
20 | osa-miR1436 4,447.74 5,874.36 0.40
21 | osa-miR156l 1,370.38 1,920.15 0.50
22 | osa-miR166k 241.25 144.33 -0.74
23 | osa-miR168b 397.54 625.16 0.67
24 | osa-miR396d 2,666.88 3,569.85 0.45
25 | osa-miR444b.1 913.37 654.97 -0.48
26 | ppt-miR167 1,049.10 668.79 -(.65
27 | pta-miR159b 3,600.74 3,145.40 -0.23
28 | ptc-miR1450 54,217.10 34,639.28 -0.71
29 | ptc-miR156k 1,582.12 2,140.90 0.41
30 | pte-miR159f 6,863.70 5,876.70 -0.26
31 | pte-miR167e 1,309.21 841.45 -0.65
32 | ptc-miR167f 1,236.42 804.24 -(.65
33 | pte-miR167h 1,577.49 1,012.08 -0.61
34 | ptc-miR319%e 6,182.83 5,432.08 -0.19
35 | shi-miR156e 1,534.47 2,175.31 0.51
36 | shi-miR166a 237.82 116.57 -1.03
37 | smo-miR156¢ 409.37 761.06 .87
38 | tae-miR1134 30.75 125.32 2.12
39 | wi-miR156e 1,446.21 2,006.65 0.47
40 | wi-miR156h 570.36 94().53 0.75
41 | wi-miR159a 1,300.82 929.77 -0.49
42 | wi-miR167c 793.57 510.95 -0.72
43 | wi-miR396a 183.55 358.03 (.98
44 | wvi-miR396b 253.97 466.81 0.80
45 | C-ath-miR156a-11c 1,236.15 2,001.20 0.66
46 | C-ath-miR156g-10u 1,368.50 2,167.07 0.62
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47 | C-ath-miR854a 242.96 406.58 0.67
48 | C-ath-miR854b 258.46 384.52 0.61
49 | C-ath-miR854c 262.41 384.07 0.59
50 | C-ath-miR854d 244.08 391.22 0.68
51 | C-gma-miR156b-20a 566.26 1,104.17 0.94
52 | C-osa-miR156l-21c 1,551.57 2,165.64 0.50
53 | C-osa-miR396d-13u 207.16 385.91 0.83
54 | C-ppt-miR319a-2a 1,059.49 1,782.39 0.67
55 | C-ptc-miR156k-3g 1,060.19 1,700.92 0.63
56 | C-ptc-miR159f-1g 7,042.89 6,335.20 -0.15
57 | C-shi-miR156e-12q 1,107.07 1,804.72 0.68
58 | C-sof-miR15%e-18c 5,964.84 5,144.52 -0.25
59 | C-sof-miR168b-16¢ 308.65 496.51 0.66

Sample A: b103 inf. 12 hpi — Cy3
Sample B: b103 control 12 hpi — Cy5
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Table 6 Call list (differentially expressed transcripts with p-value < 0.01)

Sample A Sample B log2 (Sample B
No. Probe_ID Sigﬁ)]al Sig?lal ?SEEI]]NE! A)

1 | ath-miR159a 5,584.07 £,692.51 0.27
2 | ath-miR159b 5,658.75 6,775.49 0.23
3 | ath-miR159¢ 3,808.85 3,383.62 -0.17
4 | ath-miR164a 333.17 821.16 1.30
5 | ath-miR164c 354.39 830.75 1.25
6 | ath-miR168a 51.53 278.83 2.28
7 | ath-miR319a 1,447.64 744.29 -0.99
8 | ath-miR319c¢ 2,707.75 1,719.68 -0.70
9 | ath-miR854a 641.84 145.23 -2.16
10 | gma-miR319a 1,774.77 043.14 -0.93
11 | osa-miR1436 1,030.35 2,324.70 1.19
12 | osa-miR159%a 5,960.72 7,354.20 0.30
13 | osa-miR159f 5,413.32 6,256.61 0.20
14 | osa-miR164c 410.02 914,90 1.22
15 | osa-miR164d 353.29 836.33 1.24
16 | osa-miR164e 520.72 1,218.91 1.18
17 | osa-miR166m a3.40 194.45 1.07
18 | osa-miR168a 349.17 1,795.70 2.37
19 | osa-miR168h 14.80 73.61 2.34
20 | osa-miR393b 36.32 91.76 1.40
21 | osa-miR528 268.41 162.53 -0.72
22 | ppt-miR319a 3,053.74 1,966.43 -0.63
23 | ppt-miR894 442 .87 3,934.38 3.16
24 | pta-miR159a 2,398.49 1,359.19 -0.79
25 | pta-miR159b 622.32 194.31 -1.68
26 | pta-miR159c¢ 1,359.86 654.90 -1.04
27 | pta-miR319 557.82 200.65 -1.47
28 | ptc-miR1450 25,188.67 36,920.12 0.60
29 | ptc-miR159f 1,602.55 599,12 -1.42
30 | pte-miR164f 450.38 1,070.94 1.29
31 | ptc-miR319e 2,636.75 1,557.33 -0.72
32 | shi-miR164c 385.99 943.47 1.27
33 | sof-miR159%e 3,376.29 1,840.07 -0.88
34 | sof-miR168h 250.68 1,487.40 2.59
35 | tae-miR1125 110.83 24.32 -2.12
36 | tae-miR1134 16.08 119.81 2.91
37 | wi-miR159a 126.58 34.70 -1.78
38 | wi-miR319b 1,698.39 871.02 -(.88
39 | C-ath-miR168a-15a 24.13 103.11 2.13
40 | C-ath-miR319a-19a 3,185.18 2,227.04 -0.50
41 | C-ath-miR854a b26.23 151.13 -2.05
42 | C-ath-miR854h £29.38 149.28 -2.06
43 | C-ath-miR854c 0628.78 142.48 -2.17
44 | C-ath-miR854d 644.58 155.01 -2.06
45 | C-gma-miR319a-17q 321.71 73.63 -2.12
46 | C-osa-miR168a-9g 274.39 1,510.73 2.48
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Sample A: b103 inf. 24 hpi — Cy3
Sample B: b103 control 24 hpi — Cy5
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Table 7 Call list (differentially expressed transcripts with p-value < 0.01)

Sample A Sample B log2 (Sample B
No. Probe_ID Sigil)ml Sigil)ml ,-?S.gmple! A)

1 | ath-miR156a 233.86 76.75 -1.69
2 | ath-miR156g 238.56 72.37 -1.73
3 | ath-miR159¢ 1,458.39 1,155.56 -0,33
4 | ath-miR164a 105.96 324.84 1.62
5 | ath-miR164c 113.84 326.70 1.54
6 | ath-miR166a 15.58 77.66 2.44
7 | ath-miR167a 124.18 02.83 -(0,98
8 | ath-miR167d 139.76 09.16 -1.02
9 | ath-miR319a 239.80 143.49 -0.76
10 | bna-miR156a 215.26 69.17 -1.57
11 | ghr-miR156¢ 150.08 43.88 -1.67
12 | osa-miR1436 260.16 997.02 1.94
13 | osa-miR156l 164.55 54.49 -1.51
14 | osa-miR15%a 2,345.28 2,897.33 0.30
15 | osa-miR164c 134.21 445,62 1.70
16 | osa-miR164d 117.99 377.48 1.65
17 | osa-miR164e 179.91 589.34 1.71
18 | osa-miR166e 9.44 46.62 2.47
19 | osa-miR166k 11.19 61.50 2.57
20 | osa-miR166m 20.52 118.31 2.54
21 | osa-miR168a 214.12 464.11 1.08
22 | osa-miR528 833.60 160.09 0.94
23 | ppt-miR166j 5.71 36.42 2.67
24 | ppt-miR894 366.48 836.47 1.18
25 | pta-miR159h 158.45 56.81 -1.41
26 | pta-miR319 175.61 77.80 -1.16
27 | ptc-miR1447 5.90 47.46 2.83
28 | pte-miR159d 1,315.94 1,092.09 0.27
29 | pte-miR159f 437.86 253.22 -1.01
30 | pte-miR164f 158.09 567.37 1.85
31 | ptc-miR166n 11.13 73.98 2.52
32 | pte-miR167f 117.05 66.24 -(0.82
33 | shi-miR156e 223.44 70.90 -1.53
34 | shi-miR164c 139.13 436.61 1.62
35 | shi-miR166a 19.47 90,31 2.27
36 | sof-miR159% 542.38 540.20 -(.65
37 | sof-miR168h 185.01 424.47 1.22
38 | tae-miR1125 154.02 13.80 -3.27
39 | wwi-miR156e 79.86 25.94 -1.63
40 | wi-miR166b 18.36 98.49 2.52
41 | wvi-miR166d 16.48 93.99 2.54
42 | C-ath-miR156g-10u 81.01 27.44 -1.56
43 | C-ath-miR319a-19a 877.05 657.73 -0.42
44 | C-ath-miR854a 26.05 91.34 1.91
45 | C-ath-miR854b 27.68 84.66 1.61
46 | C-ath-miR854c 29.07 89.29 1.46
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Sample A: b103 inf. 48 hpi — Cy3
Sample B: b103 control 48 hpi — Cy5
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Table 8 Call list (differentially expressed transcripts with p-value < 0.01)

Sample A Sample B log2 (Sample B
No. Probe_ID Sili_'llilal Sigﬁ)lal ,-'i-lfigl'npleI A)

1 | ath-miR166a 38.64 127.34 1.72
2 | ath-miR168a 88.28 273.88 1.55
3 | ath-miR319a 521.56 156.33 -1.74
4 | ath-miR319c¢ 919.32 525.03 -0.83
5 [ gma-miR319a 639.22 240.83 -1.48
6 | osa-miR166m 34.23 125.83 1.88
7 | osa-miR168a 210.61 977.67 2.23
8 | osa-miR396d 175.08 401.87 1.19
9 | osa-miR528 34.10 26.47 -1.69
10 | ppt-miR319a 1,049.19 656.05 -0.74
11 | ppt-miR894 656.07 2,554.22 1.97
12 | pta-miR159%a 782.68 315.90 -1.35
13 | pta-miR159b 413.81 54.94 -2.96
14 | pta-miR159¢ 527.97 112.18 -2.24
15 [ pta-miR319 439.16 63.44 -2.82
16 | ptc-miR1447 5.47 68.11 3.62
17 [ ptc-miR1450 49,359.72 37,763.35 -0.23
18 | ptc-miR159f 952.83 214.54 -2.13
19 [ ptc-miR31%e 895.41 489.63 -{).88
20 | ptc-miR474a 84.54 22.56 -1.84
21 | ptc-miR474b 91.45 17.45 -2.44
22 | ptc-miR474c 04.82 24.73 -1.99
23 | sof-miR159% 1,127.61 396.10 -1.53
24 | sof-miR168b 186.36 859.03 2.31
25 [ tae-miR1134 9.55 287.39 5.14
26 | wwi-miR159a 119.47 10.10 -3.77
27 | wi-miR166b 32.54 130.14 2.00
28 [ wvi-miR166d 35.49 125.19 1.82
29 | wi-miR319b £635.85 239.98 -1.42
30 | C-ath-miR319a-19%a 1,100.71 628.78 -0.79
31 | C-gma-miR319a-17¢q 376.01 38.87 -3.26
32 | C-osa-miR168a-9g 210.63 992.32 2.23
33 | C-ptc-miR159f-1g 928.20 171.46 -2.45
34 | C-sof-miR15%e-18¢ 476.28 34.31 -3.78
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Sample A: b95 inf. 6 hpt R2 - Cy3
Sample B: b95-control 6 hpt R2 — Cy5
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Table 1 Call list (differentially expressed transcripts with p-value < 0.01)

No. | probetp | Samwlen | smwce | log2 (Samplen
1 | ptc-miR474b 112.27 22.84 -2.39
2 | ptc-miR474a 124.16 23.61 -2.38
3 | pta-miR159hb 1,096.66 247.40 -1.90
4 | ptc-miR159f 3,071.30 988.67 -1.64
5 | pta-miR319 1,231.81 411.44 -1.57
6 | ptc-miR156k 1,439.95 510.38 -1.50
7 | wi-miR156e 1,349.70 484.99 -1.48
8 | osa-miR168b 369.36 143.38 -1.40
9 | gma-miR156b 1,289.66 512.18 -1.33

10 | ppt-miR894 1,315.68 2,797.00 1.14
11 | smo-miR159 3,114.72 1,694.96 -0.87
12 | ath-miR167a 493.32 816.81 0.76
13 | osa-miR396d 3,029.74 1,758.01 -0.76
14 | ath-miR168a 767.63 459.32 -0.74
15 | ptc-miR167e 089.87 1,113.54 0.73
16 | ath-miR167d 608.52 943.44 0.66
17 | pte-miR167f 546.39 833.14 0.64
18 | ath-miR319a 3,804.35 2,524.33 -0.59
19 | wwi-miR319b 5,550.29 3,750.79 -0.54
20 | osa-miR159a 14,928.10 21,677.59 0.52
21 | ath-miR159b 13,986.33 19,764.65 0.48
22 | ath-miR159a 14,056.39 18,757.06 0.48
23 | osa-miR159f 13,851.33 19,139.90 0.46
24 | sof-miR15% 9,430.11 6,846.72 -0.46
25 | pta-miR159a 6,929.54 5,288.87 -0.40
26 | gma-miR319a 5,864.91 4,392.12 -0.40
27 | ptc-miR319e §,051.08 b,496.61 -0.31
28 | osa-miR168a 2,517.12 3,058.79 0.30
29 | ath-miR159c¢ 10,327.96 12,213.18 0.27
30 | ath-miR319c¢ 7,462.68 6,162.96 -0.26
31 | osa-miR159d 10,520.09 12,242.87 0.25
32 | osa-miR159% 10,110.36 11 427.28 0.21
33 | osa-miR159¢ 9,757.96 11,332.58 0.21
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Sample A: b95 inf. 12 hp1 R2 - Cy3
Sample B: b95-control 12 hpt R2 — Cy5
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Table 2 Call list (differentially expressed transcripts with p-value < 0.01)

No. | Probetp | Sgiblef | Sguwel | log (elrie
1 | ath-miR398a 63.62 12.27 -2.37
2 | ath-miR398b 61.77 11.72 -2.36
3 | gma-miR156b 1,781.54 541.56 -1.62
4 | wwi-miR156e 1,799.06 649.92 -1.39
5 | pte-miR156k 1,979.08 727.83 -1.35
6 | ath-miR393a 223.16 93.75 -1.28
7 | pta-miR159b 2,573.01 1,205.58 -1.21
8 | ptc-miR159f 5,163.47 2,261.32 -1.13
9 | osa-miR528 4,547.42 2,183.09 -1.11

10 | pta-miR319 2,398.28 1,159.99 -1.09
11 | ppt-miR394 1,630.76 3,380.11 1.04
12 | osa-miR396d 4 639.56 2,459.13 -().88
13 | osa-miR156l 1,959.70 1,232.75 -0.66
14 | shi-miR156e 2,950.79 1,852.93 -0.64
15 | ath-miR167d 603.15 941.61 .64
16 | ptc-miR167e 830.92 1,254.64 .59
17 | ath-miR159a 16,962.26 25,359.98 .56
18 | osa-miR159a 18,177.24 26,304.23 0.55
19 | ath-miR159b 17,022.54 25,352.46 0.55
20 | osa-miR159f 17,012.54 24,573.96 0.52
21 | osa-miR163a 2,397.81 3,206.43 0.47
22 | ath-miR156a 3,618.45 2,549.86 -(0.45
23 | smo-miR159 5,032.11 3,493.95 -0.43
24 | ath-miR156q 3,574.58 2,573.15 -0.42
25 | ptc-miR159d 12,578.94 15,846.59 0.39
26 | ath-miR319a 4,872.69 3,561.36 -0.37
27 | ath-miR159c 12,372.41 16,096.28 .32
28 | osa-miR159d 12,984.24 16,616.60 0.32
29 | 0sa-miR159¢ 12, 452.48 15,444.06 0.31
30 | osa-miR15% 12,373.40 15,501.77 0.29
31 | ppt-miR319a 12,341.75 14,968.96 0.28
32 | pta-miR159a 8,951.13 7,673.47 -(0.22
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Sample A: b95 inf. 24 hp: R2 — Cy3

Sample B: b93-control 24 hp: R2 — Cy5
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Table 3 Call list (differentially expressed transcripts with p-value < 0.01)

No. | Probed | STPEA | Sgaeel | logd (e
1 | tae-miR1134 26.12 686.44 5.06
2 | ath-miR854a 54.90 562.92 3.40
3 | ath-miR398b 70.35 10.32 -2.84
4 | ath-miR398a 69.69 10.75 -2.73
5 | osa-miR168b 626.16 105.79 -2.69
6 | ath-miR168a 1,401.53 466.56 -1.63
7 | sof-miR168b 3,626.63 1,798.67 -1.07
8 | osa-miR168a 4,302.09 2,132.67 -(1.99
9 | osa-miR396d 3,122.13 1,535.07 -0.99
10 | vwi-miR156e 1,005.56 547.03 -0.87
11 | gma-miR156h 962.73 559.23 -1).78
12 | bna-miR393 558.41 317.48 -0.78
13 | osa-miR393b 434.65 260.73 -1.75
14 | ptc-miR156k 1,047.86 707.30 -0.73
15 | ath-miR159a 13,777.85 20,211.35 0.57
16 | ath-miR159b 13,892.59 20,451.75 (.55
17 | osa-miR159a 15,154.99 21,456.90 0.50
18 | pta-miR319 2,062.70 1,462.90 -0.49
19 | osa-miR156l 1,423.38 1,022.46 -1).48
20 | shi-miR156e 2,175.18 1,571.34 -0.47
21 | osa-miR159f 13,809.63 18,923.22 (.45
22 | pta-miR159b 2,593.38 1,893.34 -0.45
23 | ptc-miR167e 776.74 1,056.74 0.44
24 | bna-miR156a 2,088.36 1,553.95 -0.43
25 | ptc-miR159f 4,330.72 3,236.09 -0.42
26 | ath-miR159¢ 8,904.60 11,598.50 0.38
27 | pte-miR159d 9,010.15 10,871.21 0.38
28 | osa-miR159d 9,519.89 12,190.17 0.36
29 | ath-miR156a 2,363.41 1,844.18 -1).36
30 | osa-miR15%e 9,059.47 11,157.95 .30
31 | osa-miR159c 8,814.40 10,843.32 0.30
32 | ppt-miR319a 8,895.09 10,132.93 0.19
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Sample A: b95 inf. 48 hpi R2 — Cy3
Sample B: b95-control 48 hp: R2 — Cy5
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Table 4 Call list (differentially expressed transcripts with p-value < 0.01)

No. | probep | STER | Spabiep Lo (el
1 | ath-miR398b 105.42 6.90 -3.93
2 | ath-miR398a 111.15 9.92 -3.04
3 | ptc-miR474c 1,955.52 469.09 -2.12
4 | ptc-miR474b 1,882.92 460.66 -2.10
5 | ptc-miR474a 2,059.99 501.18 -2.02
6 | tae-miR1134 180.29 44.16 -1.95
7 | ath-miR854a 386.30 140.03 -1.49
8 | osa-miR168b 129.25 410.85 1.46
9 | osa-miR528 6,181.10 2,859.38 -1.10

10 | gma-miR156b 445.15 899.50 0.94
11 | wwi-miR156e 704.63 1,183.24 .66
12 | ath-miR156q 1,421.06 1,852.98 .46
13 | ath-miR156a 1,353.72 1,833.59 0.46
14 | shi-miR156e 1,338.54 1,730.11 0.39
15 | osa-miR168a 2,179.33 2,750.56 0.35
16 | sof-miR168b 1,936.20 2,483.10 0.35
17 | wvi-miR319b 5474.07 6,553.14 0.29
18 | ppt-miR319a 9,125.61 10,357.49 0.18

Sample A: b95-control 6 hpi1 R3 — Cy3
Sample B: b95 inf. 6 hpt R3 — Cy5
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Table 5 Call list (differentially expressed transcripts with p-value < 0.01)

No. | probetp | STibeh | Sgbies | logd (e
1 | osa-miR393b 79.45 237.08 1.58
2 | bna-miR156a 1,127.60 629.96 -0.79
3 | shi-miR156e 1,100.44 606.22 -0.67
4 | ath-miR156a 1,269.62 797.74 -0.67
5 | ath-miR156g 1,307.60 799.64 -0.67
6 | ath-miR319¢ 1,479.36 2,183.23 0.49
7 | ppt-miR319a 2,621.44 3,437.75 0.41
8 [ sof-miR159e 2,162.85 2,934.77 0.40

Sample A: b93-control 12 hp: R3 — Cy3
Sample B: b95 inf. 12 hp1 R3 — Cy5
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Table 6 Call list (differentially expressed transcripts with p-value < 0.01)

No | proben | SgbeR | SqubieR | log) (el
1 | ptc-miR474b 1,000.97 120.99 -3.03
2 | ptc-miR474c 1,085.10 146.47 -2.95
3 | ptc-miR474a 1,329.05 171.84 -2.92
4 | ath-miR854a 363.66 102.13 -1.87
5 | osa-miR396d 489.11 1,177.94 1.26
6 | ppt-miR894 2,935.01 2,059.73 -0.62
7 | pta-miR159h 832.07 1,160.47 0.52
8 | osa-miR528 5,161.08 3,936.21 -0.39
9 | ath-miR159a 14,965.95 13,065.25 -0.18

10 | osa-miR159a 18,129.38 16,131.73 -0.15

Sample A: b95-control 24 hp: R3 — Cy3
Sample B: b95 inf. 24 hp1t R3 — Cy5
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Table 7 Call list (differentially expressed transcripts with p-value < 0.01)

Sample A Sample B log2 (Sample B
No. Probe_ID Signal Signal / Sample A)
1 | nsa-miR396d 305.61 769.38 1.34
2 | ppt-miR894 1,460.38 692.04 -0.91
3 [ osa-miR528 7,331.08 4,741.53 -0.54
4 | osa-miR159f 12,115.32 13,768.78 0.19

Sample A: b95-control 48 hp: R3 — Cy3
Sample B: b95 inf. 48 hp1 R3 — Cy5
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Table 8 Call list (differentially expressed transcripts with p-value < 0.01)

No. | prabel> | Smwed | Suwien | log) (Sampicn
1 | ptc-miR474c 146.64 405.40 1.82
2 | ptc-miR474b 144.38 441.51 1.80
3 | ptc-miR474a 137.16 462.36 1.69
4 | osa-miR396d 223.98 491.84 1.04
5 | osa-miR528 3,929.78 7,075.26 0.91
6 | osa-miR168a 1,921.09 1,130.56 -(.84
7 | sof-miR168hb 1,283.90 861.68 -0.63
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Sample A: b103 inf. 6 hp: R2 — Cy3

Sample B: b103 control 6 hp: R2 — Cy5
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Table 9 Call list (differentially expressed transcripts with p-value < 0.01)

No. | poberp | STIER | Sgnel | o0y (enr®
1 | pte-miR474c 49.64 1,012.35 4.34
2 | ptc-miR474a 67.59 1,118.54 4.02
3 | ptc-miR474b 63.58 1,007.17 3.98
4 | tae-miR1134 64.10 513.38 3.29
5 | ath-miR854a 77.01 456.03 2.36
6 | osa-miR156l 979.18 417.07 -1.23
7 | shi-miR156e 1,442.92 588.73 -1.22
8 | ath-miR156g 1,443.68 541.04 -1.17
9 | ath-miR156a 1,489.00 646.48 -1.16

10 | osa-miR168a 1,552.81 670.99 -1.15
11 | sof-miR168b 1,423.66 652.99 -1.15
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12 | 0sa-miR528 1,686.41 3,425.03 1.02
13 | bna-miR156a 1,315.82 598.74 -0.96
14 | wi-miR156e 537.70 283.35 -0.92
15 | ppt-miR894 900.16 1,486.35 0.70
16 | sof-miR159e 3,899.85 5,098.38 0.39
17 | smo-miR159 1,649.28 2,056.25 0.34
18 | wi-miR319b 2,593.81 3,124.24 0.30
19 | ppt-miR319a 4,117.60 4,836.55 0.28
20 | pte-miR319e 3,562.54 4,187.59 0.28

Sample A: b103 inf. 12 hp1 R2 - Cy3
Sample B: b103 control 12 hp1 R2 — Cy5
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