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Abstract

Responses to water-deficit stress by a xerophytic tussock native to sub-alpine grass-
lands of New Zealand have been investigated. Festitca novae-zealandiae possesses some
structural adaptions such as curled laminae, limited stomatal distribution, and dense
trichomes characteristic of dry-land adapted species. These features were compared
with those of a mesophyte, F. arundinacea. In addition to structural adaptions, evi-
dence that metabolic changes contribute to the drought tolerance of F. novae-zealandiae

was sought.

Plants of F. arundinacea and F. novae-zealandine were grown in glasshouse pots and were
subjected to water-deficit. Concentrations of the phytohormone ABA and the osmopro-
tectants proline and glycine-betaine increased in mature laminae of F. arundinacea as
SWC declined to8%. In F. novae-zealandiae, ABA concentration increased from

25-50 ng/gDW in two steps. At the firststep (at 9-10% SWC), the increase was greatest
in leaf bases (to 150 ng/ gDW), and the second increase (at 6% SWC) was greatest in
laminae (to 320 ng/gDW) and non-existent in leaf bases. In water-sufficient tillers,
proline concentration was elevated in leaf bases (5-8 mg/g DW) compared to laminae
(2 mg/g DW) and increased to 28 mg/g DW in leaf bases, and to 14 mg/g DW in lami-
nae as SWC declined to 8-9%. Glycine-betaine concentration (40-100 pmol/gDW) was

unchanged by water-deficit stress.

Leaf and tiller counts, and estimates of leaf tip scorching indicated that leaf death pro-
gressed with increasing water-deficit. Although leaf elongation declined, it did not
cease until the last tillers had died. SDS-PAGE and W estern analysis of soluble pro-
teins using antisera to ubiquitin indicated that protein turnover increased in lamina,
but not in leaf bases in response to water-deficit. It was concluded thatin response to
water-deficit stress, leaf bases of F. novae-zealandiae retained turgor and remained vi-

able at the expense of existing leaf laminae, which died back.

Southern analysis suggested that the F. novae-zealandine genome contains sequence(s)
with homology to group 2 LEA proteins. Western analysis using antisera raised against
the dehydrin consensus sequence KIKEKLPG revealed several related proteins in seeds

of F. novae-zealandiae, but these were not induced by water-deficit stress in leaves.
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culties, the uppercase character has been used in this dissertation. Note that this
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plasmid. IH+HE: size standard markers. B: Thin layer chromatogram showing
the incorporation of *P-dCTP into the RAB16a DNA probe, visualised by
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Plate 3.1: Distribution of the roots of F. arundinacea, within the soil column from one
of the 24 L pots (plantD5). ....ciiiniiiiiiiiiiiiiiiiiiiiiiiiieiiereneneeneecnnennns

Plate 4.1: Foliage of F. arundinacea. A: Control plant (C6) grown in water sufficient
conditions. B: Water-deficit stressed plant D5, from experiment II, described in
(T (T3 1135 000 000 00000 0a00000 00 50085005000 05000 00 60000000000 0000000050000000

Plate 4.2: Foliage of F. niovae-zealandiae. A: Plant grown in water-sufficient condi-
tions; B: Water-deficit stressed plant. Both photographs are of plant D2 from ex-
ol 01103 104) GG 000 8 500 000000 050000000000 JOTERI o B0 Ol 6 00 0000 0 00 A0 0 ol 00 0o TR 0 O

Plate 4.3: Scanning electron micrographs of a ML of F. arundinacea. A: in transverse
section (100x); B: abaxial (lower) surface of the lamina (200x). Key: Bc: bulliform
cell; E: epidermal cell; F:fibre cell; G: girder cell; S: stomata; T: trichome; VB:
vasculagbundle? .. 9¥........ . FYPrrErer P e CEEE T - T e e rr e

Plate 4.4: Scanning electron micrographs of ML from F. arundinacea. A:adaxial (top)
surface of the leaf, location of stomata on side of the vascular trace (170x); B: sto-
mata present on the adaxial surface (1700x). Key: E: epidermal cell; S: stomata;
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Plate 4.5: Scanning electron micrographs of a ML of F. novae-zealandiae. A: trans-
verse section (120x); B: abaxial (outside) surface of the lamina (200x). Key: Bc:
bulliform cell; E: epidermal cell; F: fibre cell; M: leaf margin gap; T: trichome;
ViB:ivasculatibundle. ... . rr s FRERE R ~EL - dssk R R FRRRRRT

Plate 4.6: Scanning electron micrographs of a ML of F. novae-zealandiae. A: adaxial
(inside) surface (200x); B: adaxial surface (1000x). Key: E: epidermis; M: meso-
phyll cell; S: stomata; ST: severed trichome; T: trichome. ..............c.coetn.

Plate 4.7: Distribution of the roots of F. novae-zealandiae (plant D3 from experiment I)
within the soil column of a24 LPVCpot. ....viuiiiiiiiiiiiiiiiiiiiiiiiiieennn..

Plate 6.1: SDS- PAGE analysis of protein extracts from the ML of tillers sampled dur-
ing the dry-down. The proteins were visualised by Coomassie Blue stain. A: 10%
to 20% gradient gel, B: 5% to 15% gradient gel. Lanes D1 to C6 (see Table 6.1)
were loaded with A: 200 pg/lane, and B: 150 pg/lane of protein. ........c......0

Plate 6.2: SDS- PAGE analysis of protein extracts from the IL of tillers sampled dur-
ing the dry-down. The proteins were visualised by Coomassie Blue stain. A: 10%
to 20% gradient gel, B: 5% to 15% gradient gel. Lanes D1 to C6 (see Table 6.1)
were loaded with 150 pg/lane of protein. .....ceieiiiieiiieiiiiiiiieiiiniieiennnns

Plate 6.3: SDS- PAGE analysis of protein extracts from the LB of tillers sampled dur
ing the dry-down. The proteins on this 10% to 20% gradient gel were visualised
by Coomassie Blue stain. Lanes D1 to C6 (see Table 6.1) were loaded with 50 pL of
extract; the amount of protein (ug) loaded onto each lane is presented under each
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Plate 6.4: Wester analysis of protein extracts from the ML of tillers sampled during
the dry-down. The proteins were separated by SDS- PAGE through either A: 10%
to 20% gradient gel, B: 5% to 15% gradient gel, and were visualised using antis-
era to ubiquitin. Lanes D1 to C6 (see Table 6.1) were loaded with A: 200 pg/lane,
and B: 150 pg/lane of protein. ........ccceiiieiiiiiteiiiiiiiiiiiiiiiiiiiiieniaieenes

Plate 6.5: Western analysis of protein extracts from the IL of tillers sampled during
the dry-down. The proteins were separated by SDS- PAGE through either A: 10%
to 20% gradient gel, B: 5% to 15% gradient gel, and were visualised using antis-
era to ubiquitin. Lanes D1 to C6 (see Table 6.1) were loaded with 150 pg of
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Plate 6.6: Westem analysis of protein extracts from the LB of tillers sampled during
the dry-down. The proteins on this 10% to 20% gradient gel were separated by
SDS- PAGE, and were visualised using antisera to ubiquitin. Lanes D1 to C6 (see
Table 6.1) were loaded with 50uL of extract; the amount of protein (1g) loaded
onto each lane is presented undereachcolumn. ...........cociiiiiiiiiiiiiiaennnn.

Plate 6.7: Westem analysis of protein extracts from A: the IL, and B: the LB, of till-
ers sampled during the dry-down. The proteins on these 10% to 20% gradient gels
were separated by SDS- PAGE, and were visualised using anti-dehydrin immune
serum. Lanes D1 to C6 (see Table 6.1) were loaded with either A: 150 pg/lane (ex-
cept lane D6= 142 pg/lane) or B: 100 pg/lane of protein; 6.25 ng of BSA was
loaded onto the lane indicated. The arrows indicate the protein designated LB-1.

Plate 6.8: Western analysis of protein extracts from F. nnovae-zealandiae tillers that
were subjected to a bench-top dry-down treatment. The proteins on these 10% to
20% gradient gels were separated by SDS- PAGE, and were visualised using: A:
anti-dehydrin immune serum or B: pre-immune serum. The extracts were loaded
with 150 pg/lane of protein, except for lanes C4 and C6 (on gel B), which were
100 pg/lane. Arrows indicate proteins LB-1 (top) and LB-2 (bottom arrow). Some
distortion of the background intensity of Plate B was caused by the tray used for
the Western analysis, and should be disregarded. ..............coiiiiiiiiiiianae,

Plate 6.9: Western analysis of protein extracts from seeds of F. arundinacea (FA) and
F. novae-zealandiae (FNZ), and from embryos of H. vnigare (HV), and the LB of
harvest C4, with or without heat-treatment as indicated. The proteins were sepa-
rated by SDS- PAGE through a 10% to 20% gradient gel, and were visualised A:
antisera to dehydrin or B: using pre-immune serum. Each lane of extract con-
tained 150 pg of protein, except for the heat treated extracts, which were loaded
with the same volume as the respective untreated extracts. Some distortion in the
background intensity of Plate A was caused by the plastic tray used for the West-
ern analysis, and should be disregarded. ................c.iiiiiiiiiiiiiii,

Plate 6.10: Separation of restriction endonuclease digests of genetic material extracted
from F. novae-zealandiae. The two halves of this 0.8% agarose gel were loaded
with aliquots of the same samples. After blotting, the two halves were divided
along the dotted line, in preparation for Southem analysis with RAB16a. An
equal quantity of genomic DNA (30 pg) was digested with either BamHI (B),

EcoRI (E) or HindIII (H). ca. 0.7 ug pBluescript plasmid containing the RAB16a
insert which was digested with Sall and Sacl was loaded into the lanes indicated.
AH+HE: Size standard markers. ........cciuiiiiiiiiiiiiiiiniieiinieeieeinnnnnnens

Plate 6.11: Southem hybridisation of RAB16 probe with genetic material from F.
novae-zealandiae. A: high stringency wash (0.2 xSSPE); B: low stringency wash
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