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Ecophysiological studies of Arabidopsis thaliana ecotypes
with special reference to flowering
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First, I discussed the effect of latitude on the growth of four Arabidopsis thaliana ecotypes (from
South to North: Ct-1, Pf-0, Old-1 Per-1) under different light and temperature conditions (Chapter II). Like
light, temperature also played an important role in flower induction. Plants grown at 22°C showed
flowering within 31 days (experimental period). A decrease in growth temperature (14°C) delayed
flowering. Flowering started from South (low-latitude) ecotypes to North (high-latitude) ecotypes at both
the temperatures. The activity of membrane-bound ascorbate peroxidase (tAPX) increased with decreasing
latitude. This indicates that oxidative stress was higher in South ecotypes than in North ecotypes,
suggesting that an increase in oxidative stress induce earlier flowering in South ecotypes. The North
ecotypes were smaller in size than the South ecotypes, suggesting that the North ecotypes invest more
energy into a stress-tolerant system rather than into growth and therefore smaller in final size than the
South ecotypes (Chapter II, III-A). At 22°C, tAPX activity increased with growth. This indicates that the
oxidative stress was higher in flowering plants or higher oxidative stress might induce flowering at 22°C.

Flowering occurred earlier under 150 pEm™s™ (condition M) than under 300 pEm2s” (condition
H) and total chlorophyll (Chl) content decreased with plant growth in all four ecotypes under both light
conditions, whereas, senescence (leaves turned yellow) was visually seen under condition H. This suggests
that light plays a natural role in promoting senescence. In early vegetative stages, Chl b content was higher
under condition M, where earlier flowering occurred, than under condition H (Chapter III-B, IV). This
indicates that Chl b content at the vegetative stage plays an important role in promotion of flowering as an
endogenous factor. Total Chl content decreased with growth under both light conditions in all four ecotypes
(Chapter III-B, IV). At the same time, the enzyme activities of tAPX or glutathione reductase (GR)
increased with growth, suggesting that a decrease in the Chl content occurs more rapidly under stressful
conditions or under stressful conditions the degradation of Chl content induces tAPX or GR activities.

Chapter V explains the effect of light intensity on 'plant growth and flowering time. Plant size and
flowering time decreased and the activities of tAPX and GR increased with an increase in light intensity,
indicating that oxidative stress increased with light intensity. With an increase in light intensity, plant size
decreased and the tAPX and GR activities increased. This shows that the plants under higher light invest
more energy in photostress tolerance than to plant growth. From these results, it is clear that the increased
GR or tAPX activities, indicators of oxidative stress, with increasing light intensity (Chapter V) or with
decreasing latitude (Chapter III-A, B) are related to earlier flowering. From these results, I speculate that
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H,0, is a possible factor for flower induction (Chapter I1I-A, B; V).

H,0, i1s a major product of oxidative stress and plays an important role as a signal molecule
(Foyer et al., 1997). H,0, and glutathione (GSH) are the central components of signal transduction in both
environmental and biotic stresses and act as multifunctional triggers, modulating metabolism and gene
expression. Both are able to cross biological membranes and diffuse or be transported long distances from
their sites of origin. GSH and H,0, may act, alone or unison, in intracellular and systematic signalling
systems to achieve acclimation and tolerance to biotic and abiotic stresses (Prasad et al., 1994; Foyer et al,,
1997; Karpinski, 1999). : _

Many flower induction pathways in Arabidopsis thaliana have been proposed (Fig. 1(Fig. VI-1 in
Chapter VI in the thesis)) (Martinez-Zapater and Somerville, 1990; Soppe et al., 1999; Reeeves and
Coupland, 2000; Lizal and Relichova, 2001; Ratcliffe et al.,, 2001). Blue light and assimilates available
(llustrated by Al, A2, A3 in Fig. 1) on the meristem (autonomous pathway ie. independent of
environmental conditions) also promote earlier flowering. It is also known that light quality (Pathway B in
Fig. 1) and vemalization (Pathway C in Fig. 1) also promote flowering in wild type Landsberg and late
flowering mutants (Martinez-Zapater and Somerville, 1990).
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Figure 1. Hypothetical flower induction pathways in Arabidopsis thaliana by Martinez-
Zapater and Somerville (1990) (Al, A2, A3, B, C) and the oxidative-stress-induced flower
induction pathway proposed in this thesis (D).

I observed that the increase in stressful conditions (higher tAPX or GR activity i.e. higher
H;0; level) in plants induced earlier flowering in Arabidopsis thaliana ecotypes. Several
researchers have reported that flowering is induced by not only photoperiod but also stresses such
as drought, chilling, high light, and infections (Chaikiattiyos et al., 1994; Lu and Koide, 1994;
Yokoyama et al., 2000). These references and my results also suggest that the oxidative stress is
also one of the pathways that induce flowering in plants. I propose the oxidative stress flower
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induction pathway (pathway D in Fig. 1) in 4. thaliana in addition to the pathways described by
Martinez-Zapater and Somerville (1990) (A1, A2, A3, B, C). Increased H,0, under stressful

conditions plays an important role in signal transduction for the promotion of flowering in A.
thaliana.
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< HERRIZE LS oxidative stress DRERE W2 L, Thbb, oz az L 70
EORIORR P LRICHTEMERD D Z EBRHEHEMNE 207,

RIZ, oA XF X5 % 50 Em2s1 DFFHDH 1000 2 Em2s1 &\ H 585 F CTHEMERy
NOIFISER—EORFHETCEETSRL L, ENBIRBICH-T, BIERETOH
BHBEL 20 ORI OEMEY A XBR/NELRDEVWIBRELHELIIB-, BET
i, YRARFIFI™L 2 A, vy FOERK 5em THIET B4, RS 1000
pEm2st CAFIRZEH 10 BTrYy FOBERP 0.5cm OBRETHIETHZ L2 HE
FIXRR L, 72, K035 2512508 T, tAPX OFEM b 2BICHEM L=, LA L. sAPX
DEHICELITIRONED o U ENS R P LRIZE > THRERFRIZAE U B oxidative
stress BBAMEEZRBEL TWB LW I LWARZ BEHFITRE L 2, T F Tid, blue light
X far red 2 EXOEBBEBICHEL TNELEZOLNTELEN, XDORE Y oxidative
stress T LCBTEICBEE LT3 LW S AR TORER., FLVHMRTHS, Tk, 7
B—=AF ¥ U A—THEERENLI L AF 2 I 1000w Em2s! LW I CHEBEET S
HEERIZIZNETITZLA LRI E (10002 Em2s1 &\ 5 SEA T HEA0 468k 72 7 1 —
AT % A= PER 12 FEIRBRRFHRTICRB SN2 L THAEE 2o 7)) (sAPX &
tAPX Z 3B L TIEMZRIE L2 &, BARO A X+ XM EEZ 10 A Tudy b
B 0.5cm OBRBECTHIETAZLORR, REARBICLVHECRASh-HELED
N RITEYFRNC D THEEICHRBENLOTH S,
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