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Streszczenie

Geny z rodziny genéw TaCKX (oksydaza/dehydrogenaza cytokininowa) odgrywaja
zasadniczg role w metabolizmie cytokinin podczas rozwoju pszenicy zwyczajnej (Triticum
aestivum), wptywajac tym samym w znaczacy sposob na cechy plonotworcze. Gtownym celem
pracy byla szczegdtowa analiza biologicznej funkcji wyzej wymienionych genéw za pomoca
technologii opartej na interferencji RNA (RNAI). Hipoteza badawcza zaktadata, ze wyciszenie
ekspresji poszczegolnych genéw w danych tkankach i organach, na okreslonym etapie rozwoju,
bedzie determinowaé zmiany molekularne, fizjologiczne 1 fenotypowe u badanych roslin. W
celu weryfikacji hipotezy uzyskano linie pszenicy dwdch odmian, bezostnej Kontesa i o$cistej
Ostka Smolicka z wyciszonymi genami TaCKX1 oraz TaCKX2 w pokoleniach To, T1 1 To.
W liniach pokolen T1 i T2 przeprowadzono analize ekspresji wyciszanych genéw TaCKX oraz
innych gendéw z tej rodziny, TaNAC2-5A, aktywnosci enzymu CKX w ktosach 7 DAP oraz
charakterystyke fenotypowa, a w T2 dodatkowo pomiary zawartosci fitohormonéw. Poréwnano
efekt wyciszania obu genow na ekspresje pozostatych gendéw z rodziny TaCKX w dwodch
odmianach pszenicy rdznigcych si¢ m.in. obecnoscia o$ci w ktosach. W odmianie bezostne;j,
Kontesa z silnie wyciszonym TaCKX1 w pokoleniu T» zaobserwowano silne obnizenie
ekspresji TaCKX11, podwyzszenie TaCKX2.1, podwyzszenie poziomu wigkszosci cytokinin
rozktadanych przez enzym CKX oraz wzrost plonu (fenotyp o wyzszej liczbie ktosow, ziaren 1
wyzszym plonie ziarna, ale nizszej masie tysigca ziaren). Wyciszenie genu TaCKX2 w tej samej
odmianie wigzalo si¢ z wyciszeniem trzech gendéw, posiadajacych ponad 90% homologie
sekwencji kodujacych: TaCKX2.1, TaCKX2.2.1 i TaCKX2.2.2. Silnemu wyciszeniu genu
TaCKX2.2.2 w T towarzyszylo nieznaczne obnizenie ekspresji TaCKX2.2.1 i silna regulacja
w gorg TaCKX5 i TaCKX11 oraz podwyzszenie poziomu aktywnych cytokinin, ich koniugatow
i auksyny (IAA) przy jednoczesnym obnizeniu benzyloadeniny (BA) i kwasu abscysynowego
(ABA) i redukcji kwasu giberelinowego (GAz). W przypadku odmiany oscistej, Ostka
Smolicka, udokumentowano mechanizm sprzezenia zwrotnego regulacji ekspresji w ktorym
wyciszenie TaCKX1 podwyzszato ekspresje genow TaCKX2 i na odwr6t. Ponadto obnizenie
ekspresji TaCKX2 (gtéwnie TaCKX2.2.1 i TaCKX2.2.2) silnie podwyzszylo ekspresje
TaCKX5, TaCKX1 i TaNAC2-5A natomiast ekspresja tych genow w roslinach z wyciszonym
TaCKX1 byta obnizona. Wyciszone linie TaCKX1 T z obnizong blisko o potowe ekspresja
mialy istotnie wyzszg mase tysigca ziaren (MTZ) i mas¢ korzeni siewek. Wyciszone linie
TaCKX2 T2 z ekspresjg TaCKX2.2.1 i TaCKX2.2.2 obnizong o ok. 30% miaty znacznie wyzszg
zawarto$¢ chlorofilu w lisciach flagowych. Dodatkowo zaobserwowano wplyw transformacji
z uzyciem Agrobacterium na badane cechy. Udokumentowano, ze gltéwne mechanizmy
regulacji ekspresji genow z rodziny TaCKX byty podobne w roznych odmianach pszenicy jare;j,
ale w zaleznos$ci od zawartosci i sktadu fitohormonow w r6zny sposob wplywaly na regulacje
cech zwigzanych z plonem.



Doctoral thesis entitled:
Role of selected TaCKX genes in regulation of development and productivity
of common wheat (Triticum aestivum L.)

Abstract

The genes of the TaCKX gene family (cytokinin oxidase/dehydrogenase) play an
essential role in cytokinin metabolism during the development of common wheat (Triticum
aestivum), thus significantly affecting yield-related traits. The main aim of the work was a
detailed analysis of biological function of the genes using RNA interference technology
(RNAI). The research hypothesis assumed that silencing the expression of individual genes in
particular tissues and organs, at a specific stage of development, would determine molecular,
physiological, and phenotypic changes in tested plants. To verify the hypothesis, wheat lines of
two cultivars, Kontesa and Ostka Smolicka, with silenced TaCKX1 and TaCKX2 genes in To,
T1 and T2 generations were obtained. The expression of TaCKX genes and TaNAC2-5a of the
same family was analysed in the Ty and T2 generation lines, followed by the CKX enzyme
activity assay in 7 DAP spikes, the analysis of phytohormone content in T2, and morphological
traits in T1 and T». The effect of silencing both genes on the expression of other genes from the
TaCKX gene family members (GFM) was compared in two wheat cultivars differing in the
presence of awns in spikes. In the awnless cultivar Kontesa with a strong silencing of TaCKX1
in T> generation, a strong decrease in TaCKX11 expression, an increase in TaCKX2.1
expression, an increase in the content of most cytokinins degraded by the CKX enzyme and an
increase in yield were observed (phenotype with a higher number of spikes, grains, and a higher
grain yield but a lower thousand grain weight). The silencing of the TaCKX2 in the same
cultivar resulted in the silencing of three genes with more than 90% homology of the coding
sequences: TaCKX2.1, TaCKX2.2.1 and TaCKX2.2.2. Strong silencing of the TaCKX2.2.2 gene
in T> was accompanied by a slight decrease in TaCKX2.2.1 expression and a strong up-
regulation of TaCKX5 and an TaCKX11 and increase in the level of active cytokinins, their
conjugates and auxin (IAA) with a simultaneous decrease in benzyladenine (BA), abscisic acid
(ABA) and gibberellic acid (GAs) reduction. In the case of the awned cultivar, Ostka Smolicka,
a feedback mechanism of expression regulation was documented, in which silencing TaCKX1
increased the expression of TaCKX2 genes and vice versa. Furthermore, downregulation of
TaCKX2 (mainly TaCKX2.2.1 and TaCKX2.2.2) strongly increased the expression of TaCKX5,
TaCKX1, and TaNAC2-5A, while the expression of these genes in TaCKX1 silenced plants were
down-regulated. Silenced TaCKX1 T, lines with reduced expression by nearly half had
significantly higher thousand grain weight (TGW) and seedling root weight. Silenced TaCKX2
T lines with reduced expression of TaCKX2.2.1 and TaCKX2.2.2 of approximately 30% had
significantly higher chlorophyll content in flag leaves. In addition, the investigated traits were
affected by transformation with Agrobacterium. We documented that the main mechanisms that
regulate the expression of TaCKX GFM were similar in different cultivars of spring wheat, but
depending on the content and composition of phytohormones, they affected the regulation of
yield-related traits in different ways.
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