OZET/ABSTRACT

Borun topraktaki noksanhgi veya yliksek konsantrasyonda bulunmasi bitki hiicre duvarlarini etkileyen 6nemli bir abiyotik stres faktori
olabilmektedir. Brassinosteroid (BR)'lerin gok diisik konsantrasyonlarda bile hiicre bélinmesi, uzamasi ve genislemesi gibi bitki blylime
ve gelismesinde dizenleyici gorevlerinin yani sira gevresel streslere toleransin arttirilmasinda da etkili olduklari tespit edilmistir. Bununla
birlikte, BR'lerin streslere toleransi artirma mekanizmalarini anlamaya iliskin fazla galisma bulunmamaktadir. Yapilan tez galismasinda
amag, model bitki olan Arabidopsis thaliana'da (a) bor noksanligi ve bor toksisitesinin bitkilerde htlicre geperi lizerine etkileri ve (b)
bitkilerde olusan bor stresi Uzerine 24-Epibrassnolid (EBL)'in olasi etkilerinin yaprak ve kok hilcre geperinde molekiler dlizeyde
arastiriimasidir. Bes hafta ve on hafta slreyle hidroponik ortamda yetistirilen Arabidopsis thaliana (L.) Heynh bitkileri borik asit (BA)
icermeyen (-BA, 0 uM) veya yuksek konsantrasyonda BA (+BA, 3000 uM) ve/veya 1 uM EBL hormonu igeren ortamda 24 saat slreyle
inklbe edilmistir. Uygulamali bitkilerin (bes ve on haftalik bitkiler) rozet yaprak ve kdk 6rneklerinde hiicre duvari sentezinde rol oynayan
CESA1, CESA4, CESA6, CESAS8, CSLB5, XTH16, XTH21, XTH23, EXPA5, EXP14, PME2, PME41 ve SEB1 genlerinin ekspresyon seviyeleri
Real-Time PCR analizi ile tespit edilmistir. Bes haftalik ve on haftalik bitkilerin yaprak orneklerinde genel olarak CESA1 ile CESA6 ve
CESA4 ile CESAS8 genleri benzer ekspresyon profilleri gostermistir. Bes haftalik bitkilerin yaprak érneklerinde yliksek konsantrasyonda
BA uygulamasi CESA4, CESA8 ve CSLB5 genlerinin ekspresyonunu arttirirken, on haftalik bitkilerde CESA4, CESA6 ve CESAS8 genlerinin
ekspresyonlari hem 0 uM hem de 3000 uM BA uygulamalari sonucu artis gostermistir. Bes haftalik ve on haftalik bitkilerde EXP8 geninin
ekspresyonu 0 ve 3000 uM BA uygulamalari sonucu azalirken, BA ile birlikte yapilan EBL uygulamalari ekspresyonu anlamli bir sekilde
arttirmistir (P < 0.01). EXP14 geninin mRNA seviyesi bes haftalik bitkilerde 0 uM BA uygulamasinda azalirken, on haftalik bitkilerde ise
3000 pM BA uygulamasi sonucu artmistir. XTH16 geninin ekspresyonu tek basina yapilan EBL veya BA uygulamalari sonucu bes haftalik
bitkilerde azalmistir, bununla birlikte EBL ile birlikte BA uygulamalarinda ekspresyon daha da azaltmistir. XTH23 geninin ekspresyonu
her iki bitki grubuna ait érneklerin yaprak dokularinda EBL ilaveli 0 ve 3000 uM BA uygulamalarinda istatistiki dnemlilikte arttirmistir (P
< 0.01 ). PME2 ve PME41 genleri bes haftalik ve on haftalik bitkilerde benzer ekspresyon profilleri géstermistir ve BA uygulamalarina
ilave edilen EBL hormonu ekspresyonlarin dramatik bir sekilde artmasini saglamistir. On haftalik bitkilerde SEB1 geninin ekspresyonu
tiim uygulamalar sonucu kontrole gére artis saglamistir (P < 0.01). EBL hormonu arastirilan genler kapsaminda yaprak ve kok dokularina
spesifik yanitlar olusturmustur. Bes haftalik bitkilerin kok érneklerinde tek basina ya da BA ile birlikte yapilan EBL uygulamalari arastirilan
genlerde (XTH23 geni harig) genel olarak ekspresyonlarini azaltirken, on haftalik bitkilerde sadece CSLB5, EXP14, XTH16 ve PME2
genlerinin ekspresyonlari azalmistir. Bes haftalik bitkilerin kék 6rneklerinde yapilan tim uygulamalar CESA1 (0 uM BA uygulamasi harig)
ve CESA4 genlerinin ekspresyonlarini kontrole gére azaltmistir. EXPA5 geninin ekspresyonu on haftalik bitkilerin kék dokularinda kontrole
gore dedisim gostermeyen 0 uM BA uygulamasi EBL hormonu ile birlikte uygulandiginda ekspresyonu arttirmistir. EXP14 geninin
transkript seviyesi bes haftalik bitkilerde EBL hormonu tek basina veya 3000 puM BA ile birlikte uygulandiginda anlamli olacak sekilde
azalirken (P < 0.01), on haftalik bitkilerde 0 uM BA uygulamasinda da ekspresyonun azalmasina neden olmustur. On haftalik bitkilerde
XTH23 geninin ekspresyonu sadece tek basina yapilan EBL uygulamasi ile artarken, bes haftalik bitkilerde kontrole gére ekspresyon
dedisimi gostermeyen 0 UM BA uygulamasi ve anlamli bir azalma gosteren 3000 uM BA uygulamasinin ekspresyonunu EBL uygulamasi
ile artmistir. XTH21 geninin mRNA seviyesi ise 3000 uM BA ile birlikte yapilan EBL uygulamasi sonucunda kontrole gére anlamh bir
azalma gostermistir. PME2 geninin ekspresyonu bes ve on haftalik bitkilerin kdk hiicrelerinde EBL ile birlikte yapilan BA uygulamalari
sonucu anlamli azalmalar goéstermistir. SEB1 geninin ekspresyonu ise bes ve on haftalik bitkilerin kék hicrelerinde farkli ekspresyon
profilleri gostermistir. Sonug olarak tez calismasi, bitkilerde hiicre geperinde bor-brassinosteroid etkilesimi tzerine yapilan ilk calisma
olma 6zelligindedir. Tez calismasi ile hiicre ceperinde borun eksikligi ve toksisitesinin etkilerinin yani sira brassinosteroidlerin strese
yanitinda hiicre geperinde meydana getirdigi degisimler kapsamli bir sekilde molekiler diizeyde gosterilmistir.

Deficiency or high concentration of boron in soil could be an important abiotic stress factor affecting the plant cell wall. It has been
determined that, Brassinosteroids (BR) even at very low concentrations, are efficient in enhancing the tolerance to environmental stress,
and also regulatory functions in plant growth and development such as cell division, elongation and enlargement. At the same time,
there are not many studies concerning to understand the mechanisms of how BRs increase the tolerance to stresses. The aim of this
thesis study is to search in molecular level in Arabidopsis thaliana, as a model plant, (a) the effects of boron deficiency and boron
toxicity on cell wall in plants and (b) effects of 24-Epibrassnolid (EBL) on boron stress taken place in plants in leaf and root cell wall.
Arabidopsis thaliana (L.) Heynh plants were grown in hydroponic environment for five weeks and ten weeks and incubated for 24 hours
in environments excluding boric acid (BA) (-BA, 0 uM) or including high concentration of BA (+BA, 3000 uM) and/or 1 pM EBL hormone.
In rosette leaf and root samples of applied plants (five and ten week-plants) expression levels of some cellulose synthase genes playing
role in cell wall synthesis (CESA1, CESA4, CESA6, CESA8 and CSLB5), genes coding xyloglucan endotransglycosylase/hydrolase proteins
(XTH16, XTH21 and XTH23), expansin genes (EXPAS5, EXP8 and EXP14), pectin methyl esterase genes (PME2 and PME41) and genes
coding cell wall protein (SEB1) were determined by Real-Time PCR analysis. In leaf samples of five weeks and ten weeks plants, generally
similar expression profiles were shown in CESA1 with CESA6 and CESA4 with CESAS8. In leaf samples of five weeks plants, the application
of high concentration BA increases the expression of CESA4, CESA8 and CSLB5 genes, while in ten weeks plants expression of CESA4,
CESA6 and CESAS8 genes increased in either 0 uM and 3000 pM BA application. In five weeks and ten weeks plants, expression of EXP8
gene was decreased in result of 0 and 3000 pM BA application; EBL application together with BA increased the expression significantly
(P <0.01). mRNA level of EXP14 gene is decreased in consequence of 0 uM BA application in five weeks plants, while in ten weeks plants
application of 3000 pM BA increased the mRNA level. The expression of XTH16 gene decreased in result of alone EBL or BA applications
in five plants, however application of EBL and BA together was more decreased the expression. Expression of XTH23 gene has increased
significantly in EBL together with 0 and 3000 uM BA applications in leaf tissues of samples of both two plant groups (P < 0.01). PME2
and PME41 genes has shown similar expression profiles in five weeks and ten weeks plants and additional EBL hormone to BA applications
has provided to increase the expressions dramatically. In ten weeks plants expression of SEB1 gene has increased in all treatments
comparing to the control (P < 0.01). Within the concept of surveyed genes, EBL hormone formed specific responses to leaf and root
tissues. In root samples of five weeks plants, EBL applications alone or with BA generally decreased the expressions of surveyed genes
(except XTH23 gene) while in ten weeks plants expressions of only CSLB5, EXP14, XTH16 and PME2 genes decreased. In root samples
of five weeks plants all applications decreased the expression of CESA1 (except 0 UM BA application) and CESA4 genes according to
control. In root tissues of ten weeks plants, 0 uM BA application did not change the expression of EXPA5 gene but when applied with
EBL hormone, expression increased. Transcript level of EXP14 gene in five weeks plants significantly decreased in alone EBL hormone
or EBL with 3000 pM BA application, while in ten weeks plants 0 uM BA application caused the decrease of expression. In ten weeks
plants expression of XTH23 gene increased with alone EBL application, on the other hand, in five weeks plants EBL application increased
the expression in 0 uM BA application which normally did not show expression change according to control and in 3000 uM BA application
which normally showed a significant decrease. mRNA level of XTH21 gene showed a significant decrease according to control as a result
of 3000 puM BA together with EBL application. Expression of PME2 gene showed significant decreases in five weeks and ten weeks group
plant root cells in consequence of EBL and BA applications. As for the expression of SEB1 gene showed different expression profiles in
five weeks and ten weeks plants root cells. Consequently, thesis study is the first study in terms of conducing og boron-brassinosteroid
interaction in plant cell wall. With the study, along with the effects of boron deficiency and toxicity in cell wall, changes that
brassinosteroids generated in cell wall in response to stress has been determined in molecular level comprehensively.



