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Abstract

Five cDNAs for genes differentially expressed during fruit development of kiwifruit (Actinidia deliciosa
var. deliciosa cv. Hayward) were isolated from a library made from young fruit, 8-10 days afler anthe-
sis. One gene (pKIWIS03) has low levels of expression in young fruit but is induced late in fruit devel-
opment and during fruit ripening, and has some homology to plant metallothionein-like proteins. The
other four genes are highly expressed in young fruit with reduced expression in the later stages of fruit
development. pKIWI504 has strong homology to plant metallothionein-like proteins and pKIWIS05
exhibits homology to the f-subunit of the mitochondrial ATP synthase gene. The two other genes
(PKIWIS01 and 502) encode proteins with no significant homology to other known sequences.

Introduction

Fruit development involves a complex interaction
of molecular, biochemical and structural changes
that transforms a group of fertilized ovules into a
mature fruit. Physical growth comprises two
major cellular activities: cell division and cell en-
largement. In kiwifruit, cell division commences
at anthesis, presumably in response (o fertiliza-
tion, and continues at a high rate in the outer
pericarp vntil 23 days after anthesis (DAA) and
in the inner pericarp until 33 DAA [17]. There is

a high level of cell enlargement from 25 DAA until
40 DAA which then continues at a lower rate
until fruit maturity [17].

Molecular investigations of fruit development
have concentrated mainly on fruit ripening [15],
although several genes have previously been re-
corded to have high Jevels of expression in young
developing fruit. These include: (1) 2A11, a (ruit-
specific gene isolated from tomato with no
homology 1o other sequences in the databanks
[27, 36]; (2)3-hydroxy-3-methylghitaryl-coen-
zyme A reductase, expressed during the siage of

The nucleotide sequence dala reported will appear in the EMBL, GenBank and DDBJ Nucleotide Sequence Databases under
the accession numbers L27810 (pKIWISO1), LI7809 (pKIWIS02), L27R11 (pKIWIS03), 127813 (pKIWIS04) and L27312
(pKIWIS0S).
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rapid cell division in tomato fruit development
[24]; (3) TPRP-F1, a proline-rich protein that is
highly expressed in tomaio fruit one week after
anthesis [31]; (4) metallocarboxypeptidase in-
hibitor which is highly expressed in tomato ova-
ries al anthesis [22); (5)two uncharacterized
¢DNAs from. peach fruit — pch 104 with a bimo-
dal pattern of expression with peaks 30 and
71 days after bloom, and pch108 which is highly
expressed in fruit 17 days after bloom [5].

In this paper we describe the isolation and
characterization of five cDNAs for genes that are
differentially expressed during fruit development
of kiwifrnit. Four are expressed early in fruit de-
velopment while one is highly expressed late in
development and also during fruit ripening

Materials and methods
Plant material

Flowers, fruit and leaves were collected from
mature kiwifruit (detinidia deliciosa {A. Chev.]
C.F. Liang et A.R. Ferguson var. deliciosa cv.
Hayward) vines grown in the research orchards
of The Horticulture and Food Research Institute
of New Zealand Lid. at Kumeu. Flowers were
tagged at anthesis and the length and the dia-
meter of the ovary were measured during [ruit
development. For RNA. isolation whole ovaries
were collected from Rowers up to 6 days after
anthesis (DAA) and for the later developmental
stages the skin was rerooved [rom the fruit before
the samples were frozen in liquid nitrogen. Young
leaves ca. 1-2 cm in length were collected from
the apex of shoots. Root ips were collected from
10-week old seedlings grown in a glasshouse.

RNA isolaiion

RNA used in the construction of the cDNA. li-
brary was isolated using a modification of proto-
cols described previously [2, 28). Frozen material
was ground i liquid pitrogen, resuspended in
TLES buffer (0.18 M Tris-HClL, 0.09M LiCl,

4.5mM EDTA, 1% SDS pH3$.2) containing
10%, (w/v} insoluble polyvinylpyrrolidone and
5% (v{v) 2-mercaptoethancl. The samples were
extracted three times with phenol/chloroform,
once with chloroform and then precipitated with
ethanol. The nucleic acids were recovered by cen-
trifugation and resuspended in dimethyldicarbon-
ate (DMDC)-treated water. RNA was selectively
precipitated and purified using two sets of alter-
nating LiCl precipitations (0.25 volumes of 10 M
LiCl) and phenocl/chloroform extractions. The
RNA was precipitated again with LiCl, recovered
by centrifugation. and resuspended in DMDC:
treated water, The RNA isolation protoco! de-
scribed above was not efficient for extracting
RNA from Lhe range of tissues used in this study.
Thersfore RNA used for differential screening and
for northern apalyses was isolated using 2 modi-
fication of the procedure described in Boedtker
ei al. [3]. Frozen material was ground in liquid
nitrogen, resuspended in 5 x Calvaria buffer-and
extracted with phenol:chloroform at 60 °C. The
organic phase was back-extracted, the pooled
aqueous phases extracted again with hot phe-
nol:chloroform and then precipitated with etha-
nol. The nucleic acids were recovered by centii-
fugation, resuspended in sarcosyl-lysis buffer (1%
sarcosyl, S0mM Tris-HCl pH 7.5, 10mM
EDTA) and solid CsC1(0.5-0.7 g/ml) was added.

The solution was layered on top of a 2.5 ml cush+

ion of 5.7 M CsCl and centrifuged at 15000 rpm
for 17h at 4 °C. The pelleted RNA was resus-
pended in DMDC-Ireated water. .

Poly(A)* RNA was purified from total RNA
using Pharmacia’s mRNA Purification Kit fol-
lowing the manufacturer’s instructions. A cDNA
library was constructed from §-10 DAA
poly(A)* RNA in pSPORT 1 using the Super-
Script Plasmid System from GIBCO BRL and
amplified five-fold by liquid growth of the trans-
formed Escherichia coli.

Differeniial screening

Duplicate colony/Plaque Screen membranes (Du-
Pont) of the amplified cDNA fibrary were hybrid-



ized with ¢DNA probes synthesized from
poly(A)™ RNA extracted from fruit 8-10 DAA
or from leaf. The cDNA was **P-labelled with a
Random Primers DNA Labelling System from
GIBCO BRL. Hybridization was performed at
65 °Cflor 16to 18 hin 1% SDS, [ M NaCl, 10%
dextran sulfate plus denatured salmon sperm
DNA (100 mg/l). The membranes were washed
twicewith2x $8C, 1% SDS at75 °Cfor 30 mnin.
Putative differential clones from the initial screen
(77 from 11000) were reduced to 21 clones
through two subsequent rounds of differential hy-
bridizations.

Nor(ﬁem analysis

Total RNA was separated by electrophoresis on
formaldehyde—agamse gels [13] and transferred
to Hybond-N™ membranes (Amersham) by cap-
illary transfer with 0.05 M NaOH. cDNA mserts
were isolated from agarose gels using Magic PCR
Cleanup columns (Promega) or GeneClean DNA
Purification Kit (Bio Il Inc.) and labelled as de-
scribed above. Membranes were hybridized with
the labelled cDNA inserts, as described above,
and then washed twice with 2x $SC, 1% SDS
at 65 °C for 30 min. The 25/268 ribosomal RNA
probe was pTIP6 from Asparagus officinalis [19].
The sizes of the hybridizing mRNA bands (see
Table 1) were estimated frdm their mobility rela-
tive to the RNA ladder bands (GIBCO BRL) on
the original stained gel.

Autoradmgmphs were scanned using an Ul-

fye

Ta&ki Characleristics of the pKIWI differeniial cDNA
clines. Insert sizes (excluding poly(A) residues) are from se-
quence data and mRNA sizes are eslimated from northern
hybridizations, Hemologies were ideniificd by BLAST
searches of the databanks.

Clone Inseri size  mRNA size  Homology

{bp) {nucleotides)
pKIWISDE 836 250 - {Glu, Als, Pro-rich}
pKIWIS02 1199 1506 -
pKIWIS03 473 500 melallothion¢in-ike protein
pKIWIS04 595 700 melallothioncindike protein
pKIWIS0 729 2100 B-subunil of ATP synthase
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troscan XL Densitometer, and GelScan XL ver-
sion 2.1 software (Pharmacia) was used for peak
infegration. Identical zero reference points were
used for each lane within an autoradiograph.
Three scans were performed on each lane and
these values were averaged before peaks were
analysed.

DNA sequencing

Plasmid DNA for sequencing was extracted using
the Magic Minipreps DNA Purification System
(Promega). DNA was sequenced using the
dideoxynucleotide chain-termination method
(32] with an Applied Biosystems Catalyst robotic
workstation and 373A DNA sequencer. The Ge-
netics Computer Group (GCG) programs ver-
sion 7.1.1.-Unix [ 10] were used for the alignment
and analysis of the sequence. Database searches
used the BLAST programs [1].

Results
Fruit development

The carly developmental stages of kiwifruit from
fAowers two days before anthesis ( -2 DAA)up to
fruit 8- 10 DAA are shown in Fig. 1A. Longitu-
dinal cross sections of [ruit 8-10 DAA and 102
DAA are shown in Fig. IB and C respectively,
showing the gross morphological changes that
oceur during fruit development. Length and di-
ameter measurements of floral or fruit ovaries
were recorded from —2 DAA up to 147 DAA.
Kiwifruit ovary development followed a sigmoi-
dal growth curve (Fig. 2) with the most rapid pe-
riod of growth occurring betwesn 13 and 44 DAA.

Isolation of ¢DNA clones

A cDNA library was constructed using poly(A)™*
RNA from kiwifruit harvested at 8~10 DAA.
Fruit at 8-10 DAA should be actively expressing
genes involved in the cell division stage of fruit
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Fig. 1. Sages of fiower and fruit development of kiwilruil. A, Whole fAowers and fruit at 2 days beflore anthesis (top left), anthe-

sis (centre left), and 2 {bottom [eft), 4 (top right), 6 {cenlre right

§-10 DAA (B) and 102 DAA (C). Scale bar= ] em.

development, and not those involved with fertili-
zation [16] or cell enlargement [17]. Ta avoid
obtaining genes that are related to general cell
division, for example histones [21], the differen-
tial screen used ¢cDNA from very young, actively
dividing leaf tissue. A total of 21 clones were
selected for further characterization after three
rounds of screening,

Sixteen of the clones corresponded to a single
gene family, as determined by comparison of the
nucleolide sequence from the 3° termini or by
hybridization (o each other on a dot Blot.
pKIWIS04 is a member of this gene family and
was selected as a representative of the group for
further characterization. The olher five clones

) and 8-10 DAA (boliom right). Longitudinal cross-section of fruit

represented five independent genes, The tran-
script of one clone was not able to be detected on
a northern and this clone was not further char-
acterized. In total, five clones (pKIWIS01-505)
were sequenced and their expression level during
fruit development were examined in northern
analyses. The sizes of the clones and their corre-
sponding mRNAs are listed in Table 1,

Sequence analysis of pKIWI clones
The nucleotide sequence of the five differential

clones was determined on both strands. The
putative protein encoded by pKIWIS01 has a

e e e e e e e e e e e e — e — A — o e o e




4D

20

Length or Diameter {mm).

’.“ T T T T T r Troneoa, Waesl
B0 0 206 40 60 8) 100 120 140 160
Daya Afier Anthetls
Fig. 2. Fruit growth of kiwifruil, The length (opea circles) and
diameter (closed circles) of the ovaries were measured during

the course of development. Values are means (n = J0-100) and
bars indicate ths slandard error.

caléilated molecular mass of 18.9 kDa and a pl
of 3.5. The protein is rich in Glu (47 residues out
_ of 184), Ala (42 residues) and Pro (31 residues).
pKIWI502 encodes a 35.2 kDa protein. with 2
calcnlated pY of 8.5. pKIWIS01 and 502 show no
significant homology with sequences currently in
the database, _

pKIWIS03 encodes a 6.5 kDa protein with a
calculated pI of 4.2. The putative protein encoded
by pKIWI504 has a molccular mass of 7.8 kDa
and a pl of 4.4, Both pKIWI503 and 504 have
homelogy to plant metallothionein-like genes. A
comparison of the predicted proteins of
pKIWI503 and 504 and eleven plant metallothio-
nein-like proteins is shown in Fig. 3. pKIWI504
appears to have the typical structure of metal-
lothionein-like proteins, with three Cys pairs in
both.the N- and C-terminal domains, separated
by.a hydrophobic region. However, pKIWI503
and two random cDNA sequences {rom rice and
Arabidopsis appear to form a subgroup that has
only four Cys residues in the N-lerminal domain.

pKIWISO0S encodes the C-terminal portion of
a gene which has homology to the f-subunit of

Fig. 3. Comparison of the deduced sraino acid sequences of
pKIWI503 and 504 with other known plant metallothioncin-
like proteins, The conserved Cys residues are shown in bold.
Dots indicate gaps thal have been inserted for oplimal align-

pKIWIS03 MSDKCGNEDC ADSSQCVRKG NS, .I.....
arab-EST  MSSNCGSCDC ADKTQCVHKG TSYTE.....
rice-EST  MSDECONCDC ADKSQCVRKG TSYGV.....
barley M§,... CS8C GSSCECGSNC NeGRMYPDL
maize ME: 5w C5C GSSCGCGESSC KCGKKYPDL
wheat H8..... gNC GSGCSCGEDC KRCGRMYPDLT
castor bean MSCOGGHCGE GSGOKCGNGC GGCHMYFDM.
soybean MBECCGGNCGE GSSCKCGNCGC GGCHMYPDL.
pKIWIS04 M3ICCGEKCGC GSSCSCGSGE GECGMYFDL.
arabidopsls MSCCGGNCGE GSGCKCGNGC GGCRKYPOL.
pea WS, .. .GCEC GSSCHCGDSC KCNKRSSGL.
mimulus M3...SGCSC GSGCREGDNC .SCSMYPDM.
barley2 MSCCGGROGE GAGCOCCTGC GGCKMFFRIV.
consensus  MSCCGGNCGC GSSC-¢GSGE GGCKMYPDL-
PKIWIZ03 DIVETDKSYI EDVVMGYPAA ... i-c-n-
arab-EST DIVETQESYK ZAMIMDVGAE ..........
rleeEST  VIVEAEKSHF ERV. .. AAGK ..........
barley EEKSGATMOV TVIVLGVGSA KVQ....FEE
maizo EETSTAAQ.. PPVYLGVAPE KKAAPEFVER
wheat EQGEAARQVA AVVVLGVAPE NEACO. .FEV
caglor besn . SFS.EKTTT ETLVLGVGAE .KAHFEGGEM
soybean .EYT.ESTTT ETLVMGVAPV .KAQFEGAEM
pKIWIS04 .SYS.BMITT ETLIVGVAPQ KTYFEGSEM
arabldopsis ,QFSCETTTT ETFVLGVAPA MKNQYEASG.
pta ,EYS.EMETT ETVILGVGPA .KIQFEGHEM
mimulus .... ,ETNTT VITMIEGVAP. LEMYSEGSEK
herley2 ....EATAGA RRMVHMITASH .KGSSGGFEM
cansensns  ES-STEITTT ETVVLGVAFR- KKAQFEG-EM
pKIWIS03 .. .BS5GG..K CROGTSEPCY NETCD*
arah-EST  ...ENNANCE CKCGSBCSCY NCTCCPN*
rice-EST _..ENGG... CKCGTSESCT DCKCGK*
barley AAEFGERRHG CSCGANCKCN PCNCY
ninize ARESGEAAHG CSCGESGOKED PENCH
wheat 2R . .GOSGEG CSCGDNCKCN PCNC*
esstorbean GVVGAEEG.E CRCGDNCTCHR PCTCK®
soybean G .VPAEND.G CKCGPNCUSON PCTCK*
pKIWISM GV..ARAFN.G CKCGSDCKCD PCTCK®
arabldopsls ESNNRESD.A CKCGSDCKCD PQTCK™

pea %A ASEDG.C CRCGDNCTCD DCNCK*
mimulus SFCGAEGGHN .G CROGSNCKCD PCHNC¥
barley2 AGOETGG. .. ¢DC ATCKCG TRAA....
comsensus  AK-EAEG-HG CKCGSNCKCD POTCK=--

ment. The consensus sequence was determined using lhe
PRETTY program. The scquences obtained from Lhe Gen-
Bank and SwissProl dalabascs are: arab-EST (Arabidopsis
thallana-expressed sequence lag), eccession number T12945
{T. Newman, unpublished); rice-EST (Oryza sativa-expressed
sequence tag), sccession number D21979 (M. Yuzo and
3. Takuji, unpublished); barley (Hordenm vulgare), accession
number P26571 {26]; maize (Zea mays), accession number
PA0571 [8): wheal (Triticum aestivem), accession number
L 11879 [34]; castor bean (Ricinus communis), accession num-
ber PA0564 (A, Weig and E. Komor, unpublished); arabidop-
sis (4. thaliana), accession oumber P25860 (K. Takahashi, va-
published); pea (Piswm sativem), accession number P20530
[11); mimulus (Mimuhes gutiatus), accession avimber X51993
(9]; barley2, accession number $16534 {20]. The published
soybean (Glycine max) sequence [ 18] is aiso included.
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Fig. 4. Northern analysis of pKIWI501-505 during fruil de-
velopment. Total RNA was extracted from leal (L), raol (R)

mitochondrial ATP synthase from both plants
and animals. Comparison of the predicted amino
acid sequence of pKIWIS0S to sequences in the
dalabank indicates 100% homology to para rub-
ber tree (Hevea brasiliensis, accession number
P29685 [6]), 99% to curled-leaved tobacco (Nic-
oliana plumbaginifolia, accession number P17614
[4]), 99% to maize {Zea mays, accession number
P19023 [39]), 98% to rice (Oryza saiiva, acces-
sion number Q01859 [30]), 95%, to Chianiydomo-
nas reinhgrdtii (accession number 520804,
L. Franzen and G. Falk unpublished), 917 to
man (accession number X0355% [25]) and 917 /;
to rat {accession number M19044 [14]).

Expression patterns during frult developmeni

Figure 4A shows the resulis of northern hybrid-
izations with the five pKIWI clones, using RNA
isolated from fruit at different stages of develop-
ment. The amount of RNA loaded in each lane
was not identical, as can be seen from the hy-
bridization to the rRNA probe. This variability
was the result of contamination of the samples
with polysaccharides, so that duplicate samples
varied in their concentration. The autoradio-
graphs of the rRNA hybridizations were scanned
to determine the relative amounts of RNA loaded
per lane, and these values were used to normal-
ize e signals oblained from the pKIWI501-505
probes. The highest value for each autoradiograph
was designated 100%, and all other signals were
calculate relative to that sample. The vahes are
displayed graphically as relative intensities in
Fig. 4B.

and fruit al the indicated number of days aller anthesis. Two
separale gels were electrophoresed and alkali blotted. The
membranes werz successively hyhridized to Lhe pKIW] probes
as well as the 25/265 rRNA probe (lrom pTIP&). A Autora-
diographs of the northern hybridizations, B, Relative expres-
sion levels delermined by densilometry. The autoradiographs
fron the 25{265 rRNA probing were scanned to determine the
relalive RINA loadings. Each swtoradiograph shown in A was
scanned and the expression levels were corrected for loading
differences 8¢ described in Materials and methods. The high-
est vylue was designated $00% and other samples were cal-
culated relative to thal value,



There is a bimodal patlern of expression of
pKIWIS01, 502 and 504 during fruit development
with the highest level of expression in fruit at 8—10
DAA, and a second lower peak of expression at
44 DAA. The expression levels of all three clones
is very low at the later stages of fruit development
(2-8%, of the 8-10 DAA values). There is also a
low level of expression in the leaf (2-15%) and
roots (1-31%)-

pKIWIS05 is highly expressed in root tips and
also in young fruit 3-10 DAA. Low levels of
expression were detected in leaf and fruit 13 to
26 DAA. In the later stages of fruit develop-
ment, [rom 44 to 147 DAA, there was an nerease
in the expression levels to 13-26% of the levels
in roots. .

pKIWI503 has a very different pattern of ex-
pression during fruit development compared to
the other four differential clones isolated. The
transcript was present at very low Jevels in fruit
upto 59 DAA but at 102 DAA there was a sharp
inciedse in the level of expression with the high-
est level in this range of samples at 147 DAA. A
porthern filter with RNA extracted from ripening
fruit of A. chinensis, a close diploid relative of
A. deliciosa, was also probed with pKIWIS03
(data not shown). pKIWI503 showed a further
increase in mRNA during ripening, with the
maximum level detected in fruit with 2 firmness of
.8 N. In the fruit sample with a firmness of 2.9 N
(approximately eating ripeness), there was a de-
crease in pKIWIS03 transcript to 307% of the
maximum levels.

.‘The expression patterns of pKIWI501-504
were investigated in more detail at developmen-
tal stages closer to anthesis (Fig. 5). All clones
showed low expression in flowers 10 days before
anthesis. There was an increase in expression of
pKIWI501, 503 and 504 at anthesis while the first
detected increase of pKIWIS02 was in fruit at 6
DAA. The highest expression level of pKIWIS04
was in fruit 6 DAA while the highest levels of
pKIWI501 and 502 were present in fruit 8-10
DAA. In the early developmental series long ex-
posure times (up lo 10 times those required for
the other clones) were réquiced to detect
pKIWIS0) transcripts, which showed an increase
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Fig. 5. Northern analysis of pKIWIS01-504 during carly fruil
development. A. Auloradiograghs of the northern hybridiza-
tioms. B. Relalive expression levels detcrmined by densilo-
melry (see Fig. 4 for detsils). L = leaf, R = root, numbers
refer to developmenial stage in days aller anthesis (PAA)
where 0 = anlhesis

in expression levels from anthesis through to 13
DAA,

The expression pattern of HMGR in tomato
{24] and in maize [23] led us to investigate the
expression of HMGR in kiwifruit development.
Using the tomato HMGR clone as a probe, a
kiwifruit homologue of HMGR was isolated from
the cDNA. library constructed from fruit 8-10
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DAA. One posiiive clone was obtained from 2000
colonies screened, Northern analysis of kiwifruit
leaf, root, 8-10 DAA and 147 DAA fruit showed
expression of HMGR in the root sample but no
detectable expression in either stage of fruit de-
velopment or in the leaf (data pot shown). The
fact that the kiwifruit homologue of HMGR was
isolated from the ¢cDNA library confirms that
HMGR is expressed in young fruit, although it
was not at a sufficiently high level to be dstected
with northern analysis.

Discussion

Fruit growth in kiwifruit has previously been
characterized by a single [38], a double [17] or
a triple sigmoidal [29] growth curve, The data
presented here shows the very dramatic initial
growth phase which is typical of the sigmoidal
growth curve of many fruit, such as tomato [37],
The second and third prowih phases that have
previcusly been recorded for kiwifruit, ca. 70
DAA and 150 DAA, may not have been identi-
fied in this study due to the large sampling inter-
vals in the later stages of fruit development. Vari-
ation in the observed growth curves may also be
due to cultivar differences; the cultivar Hayward
has exhibited a single sipmoidal curve, thiz study
and [38], while Monty [17] and Bruno [29] have
exhibited double or triple growth curves respec-
tively.

Two major patterns of expressaon during fruit
development were observed for the differential
clones isolated [rom the cDNA library.
pKIWI501, 502, 504 and 505 are all highly ex-
pressed in fruit 8-10 DAA and have much re-
duced levels of expression in the later stages of
fruit development, while pKITWIS03 has very low
levels of expression in young fruit and is induced
to high levels of expression in the late stages of
fruil development.

All of the five kiwiffuit genes code for proteins
that have not been previously reported to be highly
expressed in the early stages of fruit development.
The transcript size of pKIWI502, and its bimo-
dal pattern of expression are both similar to those

observed for the peach ¢cDNA pchl04 (3], al-
though the peak of expression of pKIWIS02 is
much earlier in development compared to pch104.
Sequencing of the peach cDNA would determine
if there is in fact any homology between the two
genes. The pattern of expression of pKIWIS03 is
similar to that reported for 2A11 [27], with ex-
pression detectable around anthesis, increasing in
Jevel throughout fruit development and reaching
a maximum leve] in ripe fruit. However, sequence
comparison of 2A11 and pKIWIS03 shows no
homology between the cDNAs.

pKIWI503 and 504 have homology to a g;roup
of metallothionein-like proteins isolated from
plants. The role of metallothionein-like proteins
has not been clearly established in plants
although, by analogy with animal metallothion-
eins, they have been suggested to play a role in
metal ion detoxification or metal ion homeostasis.
There is some indirect evidence that the plant
metallothionein-like proteins bind cadmium and
copper [12, 35]. Comparison of plant metallothio-
nein-like proteins suggested that pKIWIS03 and
two other metallothionein-like proteins form a
subgroup with & modified N-terminal domain
lacking two of the conserved Cys; this subgroup
may be altered in their ability to bind metal ions
or in their specificity of ions that they bind.

There have been no previous reports of

metallothionein-like proteins being expréssed

during fruit development and it is not understood
what role they are perfprming in the [ruit, either
early in [ruit development (pKIWI504) or late in
fruit development and during fruit ripening
(pPKIWI503). pKIWISD4-like clones were abun-
dant in the ¢cDNA Lbrary, and the pKIWI503
probe gave inlense bands on northems using
RNA isolated late in fruit maturation and during
ripening. This high abundance suggests that the
metallothionein-like proteins are of some impor-
iance for the growth and development of the fruit.
However, there is no physiological evidence (hat
they play a role in metal ion homeostasis. Al-
though the first peak of pKIWIS04 expression in
early fruit development coincides with the period
when copper concentrations (and probably those
of other metal ions) appear Lo be highest in kiwi-




fruit [7], the concentrations of copper and other
metals did not undergo the biphasic change found
in pKIWI504 transcripl levels. Apart from potas-
sium, metal concentrations in ripe fruit are gen-
erally lower than in other parts of the plant [33].
Orchard records of the vines used in this study
indicated that during the fruit growth period there
were no applications of sprays which contained
heavy metals. The role of these metallothionein-
like proteins in fruit has yet to be determined.

The f-subunit of ATP synthase is the catalytic
region of the enzyme which is involved in the final
step of ATP production. The partial clone
pKIWI505 is homologous to a large number of
plant and anima! ATP synthase §-subunit genes.
The high levels of expression in root tips and
young fruil may reflect a high demand for ATP in
these tissues to fuel cell division. However, only
low Jevels of pKIWIS0S were found in young
Jeaves, when cells should also be undergoing high
levels of division,

This paper describes the characterization of
five differential clones isolated from fruit har-
vested 8—10 days afier anthesis, and represents
an initial molecular description of eatly fruit de-
velopment in kiwilruit. These genes will be used
to isolate promoters specific 1o certain stages of
fruit development.
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