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Abstract 

cDNAs for senescence-inducible genes were isolated by differential hybridization from a cDNA library 
derived from mRNAs from the petals of rose flowers. The amino acid sequence deduced from these 
cDNAs exhibited significant homology to those of A9 acyl-lipid desaturases of cyanobacteria and of A9 
acyl-CoA desaturases of a yeast and mammals. There was no amino-terminal sequence indicative of a 
leader peptide for targeting to the chloroplasts or to mitochondria. Northern blot analysis indicated that 
the transcripts of the cDNAs were expressed specifically in petals at late developmental stages and during 
senescence. It is proposed that a A9 desaturase in the senescing petals play an important role in the 
degradation of saturated fatty acids of membrane lipids. 

Introduction 

Fatty-acid desaturases are classified into three 
groups according to the form of the fatty acids 
with which they react [ 8]. Acyl-lipid desaturases, 
which are present in plants and cyanobacteria, 
desaturate fatty acids that are bound to glycero- 
lipids [10, 13, 15, 16, 25, 27]; acyl-CoA desatu- 
rases in a yeast and mammals desaturate fatty 
acids that are esterified to coenzyme A (CoA) [5, 
9, 22, 23]; and acyl-ACP desaturases in the chlo- 
roplasts of higher plants desaturate fatty acids 
that are esterified to acyl-carrier protein (ACP) 
[20]. These enzymes have been characterized in 
terms of both their biochemical features and their 
molecular biology. Each of the desaturases is spe- 
cific to a particular site on the fatty acyl chain at 

which a double bond is introduced. The A9 acyl- 
lipid desaturases and the A9 acyl-CoA desatu- 
rases, which introduce a double bond at A9 po- 
sitions, are similar to each other in their amino- 
acid sequences [15]. However, the A9 acyl-ACP 
desaturases are structurally unrelated to both the 
A9 acyl-lipid desaturases and the A9 acyl-CoA 
desaturases [ 15, 20]. 

The senescence of flowers is a well regulated 
process [1, 14]. In order to understand the mo- 
lecular mechanism of senescence of flowers, we 
analyzed senescence-induced genes in petals of 
rose flowers and cloned cDNAs for these genes 
by differential hybridization. We identified three 
cDNA clones had encoded proteins homologous 
to the A9 acyl-lipid desaturases of cyanobacteria 
and the acyl-CoA desaturases of a yeast and 
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mammals. We report here the characterization of 
these cDNAs and discuss the possible roles of the 
corresponding enzymes in the degradation of 
membrane lipids during the senescence of rose 
petals. 

Materials and methods 

Plant materials 

All the materials, except roots, were from Rosa 
hybrida cv. Kardinal that had been cultivated in 
a greenhouse in Van Wyke (Victoria, Australia). 
Roots in tissue culture were maintained under a 
photoperiod of 16 h of light (120 mmol m - 2  s -  1; 
cool white fluorescent light) and 8 h of darkness 
at 23 + 2 °C on solid medium that contained half 
of the standard concentration of the mineral salts 
of Murashige and Skoog's medium [7] supple- 
mented with 0.1 mg/1 indole-3-butyric acid, 
0.05mg/l ~-naphthaleneacetic acid and 0.4~o 
Gelrite (Merck, Rahway, NJ) (pH 5.7). Petals 
were harvested from flower buds at five different 
developmental stages (petals at stages 0 to 5) de- 
fined as follows (H, height; W, width, in cm): 
stage 1, closed and unpigmented buds (H = 1.0- 
1.2; W = 0.4-0.6); stage 2, closed and pigmenting 
buds (H = 1.2-1.5; W = 0.6-0.8); stage 3, closed 
buds with sepals that were beginning to open 
(H = 1.5-2.0; W = 0.8-1.0); stage 4, closed and 
heavily pigmented buds (H = 2.0-2.5; W = 1.0- 
1.5); and stage 5, buds that were starting to un- 
fold (H = 2.5-3.0; W = 1.5-2.0). To obtain flow- 
ers at different stages of senescence, stems of ca. 
20 cm with flowers were cut from plants when the 
outer petals started to open at stage 5 of devel- 
opment. The bottom halves of the excised stems 
were kept submerged in distilled water at room 
temperature. Petals were harvested from flowers 
0, 1, 2, 3, 4, and 5 days after excision (day-0 
petals, etc.). 

Isolation of RNA and construction of a cDNA li- 
brary 

Total RNA was prepared from petals at each 
stage of development and senescence and from 

other floral and non-floral organs by the differ- 
ential precipitation method with 2-butoxyethanol 
[6]. 

Poly(A) + RNA was purified from total RNA 
isolated from day-4 petals and cDNA was syn- 
thesized by the method of Brugliera et al. [3]. The 
cDNA was inserted into the Eco RI site of the 
phage vector 2ZAPII,  and the resultant DNA 
was packaged into phage particles. The cDNA 
library of day-4 petals contained 300000 pfu of 
recombinant clones. 

Differential screening 

Poly(A) + RNA was isolated from young leaves, 
petals at stage 2, day-0 petals and day-4 petals, 
and was used as the template for the synthesis of 
cDNA. The first strands of the resultant cDNAs 
were labeled with [~-32p]dCTP to yield probes 
for plaque hybridization. Plaques derived from 
the cDNA library of day-4 petals were transferred 
onto Colony/Plaque Screen Membranes (Du 
Pont, Boston, MA). The membranes were then 
prehybridized at 42 °C in a solution that con- 
tained 50~o formamide, 1 M NaC1, 10~o dextran 
sulfate, 1~o SDS and 100mg/ml denatured 
salmon sperm DNA. The four sets of cDNA 
probes were used separately for hybridization, 
which was performed at 42 °C for 16h in the 
same solution as that used for prehybridization. 
The membranes were washed at 65 °C for 2 h in 
2 x  SSC that contained 1~o SDS, and then at 
65 °C for one hour in 0.2 x SSC that contained 
1 ~o SDS. 239 phage clones preferentially hybrid- 
ized to the probe cDNA that was specific for 
day-4 petals. They were suspended in SM buffer 
and dotted in ordered arrays onto plates of NZY 
medium (1 ~ NZ amine, 0 .5~  yeast extract and 
0.5 ~o NaC1) with Escherichia coli XL1-Blue. The 
plates were incubated at 37 °C until plaques be- 
came visible. Duplicated plaques were probed 
separately with each of the four sets of cDNA 
probes described above. Prehybridization and 
hybridization were performed under the same 
conditions as used for the first screening. 



Northern blot hybridization 

The procedure for northern hybridization was es- 
sentially the same as described previously [3]. 
Each lane was loaded with 10 #g of RNA from 
floral or vegetative organs. Probes were labeled 
with [~-32p]dCTP with a random primer DNA 
labeling kit (Takara, Kyoto, Japan). 

Analysis of nucleotide sequences 

Series of deleted cDNA sequences were prepared 
from the inserts of plasmid clones with the Erase- 
a-Base System (Promega, Madison, WI). Double- 
stranded plasmid DNAs were prepared with a 
Magic Miniprep Plasmid Purification System 
(Promega). Both strands of each cDNA were se- 
quenced with an automated sequencer (model 
373A; Applied Biosystems, Foster City, CA) or 
by the dideoxy chain-termination method [17] 
with Sequenase Enzyme (US Biochemical, 
Cleveland, OH). The alignment of amino acids 
was generated with a Gene Works Protein Analy- 
sis Program (IntelliGenetics, Mountain View, 
CA). 

Treatment of flowers with ethylene 

Excised stems with flowers that had been placed 
in distilled water were kept for 24, 48 or 72 h in 
an 850 ml chamber with a solution of 0.25 M 
Tris-HC1 (pH 8.0) and 0.4~o Ethrel (May and 
Baker Rural Pty., Sydney, NSW, Australia) 
which included 480 g/l ethephon, a precursor to 
ethylene, as the active constituent. Under these 
conditions, the concentration of ethylene in the 
chamber was ca. 650 ppm, as described previ- 
ously [ 18]. As a control, excised stems were also 
incubated under the same conditions in the ab- 
sence of ethephon. RNA was extracted from pet- 
als of both ethylene-treated and untreated flowers 
and used for northern blot analysis. 
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Results 

Isolation of cDNAs for senescence-induced genes 

The senescence of rose flowers usually becomes 
apparent 4-5 days after harvest [4]. Therefore, 
we used petals of day-4 post-harvest flowers for 
cloning ofcDNAs for genes that are induced dur- 
ing senescence. The cDNA library of day-4 pet- 
als with ca. 100000 pfu was screened with the 
probes derived from the poly(A) + RNAs of young 
leaves, stage-2 petals, and day-4 petals. A total of 
66 phage clones hybridized preferentially with the 
probe from the day-4 petals. The corresponding 
phagemids were recovered by in vivo excision. The 
resultant plasmid vector pBluescript was screened 
again with the three sets of probes. A total of 27 
clones were obtained that hybridized with the 
day-4 petal probe but not with the stage-2 petal 
probe or the young-leaf probe. The cDNAs in 
these plasmids were designated RP (rose petal) 
cDNAs. 

32p-labeled probes were synthesized from the 
RP cDNAs and all 27 probes were individually 
used for northern blot analysis of total RNA 
extracted from petals at various stages of devel- 
opment and senescence, as well as from other 
floral and vegetative organs. The mRNA corre- 

Fig. 1. Northern blot analysis of the organ-specific expression 
of the RP4 gene. Total RNA was extracted from roots in tissue 
culture (lane 1), young red leaves (lane 2), mature green leaves 
(lane 3), stems (lanes 4 & 5), sepals (lanes 6 & 7), ovaries 
(lanes 8 & 9), anthers (lanes 10 & 11), and petals (lanes 12 & 
13). Plant materials, except petals, were sampled from flower 
stems on the day of harvest (lanes 2, 3, 4, 6, 8, 10) or from 
flowers 4 days after harvest (lanes 5, 7, 9, 11). Petals were 
sampled from buds at stage 2 (lane 12) or from flowers 4 days 
after harvest (lane 13). The [3ap]-labeled probe was derived 
from the entire sequence of the RP4 cDNA. 
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sponding to only one of the 27 RP cDNAs was 
expressed in the post-harvest petals and not in 
petals of developing buds or in any other organs, 

as shown in Fig. 1. The corresponding c D N A  
was designated RP4 cDNA. 

RF46 

RP44 

RP4 

* T K L V C K M P S R L I N W Q V Q F F G R E W D F M D L Y H L T 

ATTA~CTAAACTAGTATGTAAA ATGCCATCCCGGCTAATTAACTGGCAGGTGCAATTTTTTGGGAGGGAATGGGACTTCATGGATTTATACCATCTTAC 1 O0 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 96 

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 77 

RP46 

RP44 

RP4 

L F L G V p F V C L L A P F Q F T W G A L W V A I S L Y L V S G M 

T•T•TTTcTGGG•G•••CTTT•GTCTGTCTTTTAGcACcATTTcAGTTcACTTGGG•TGcA•TTTGGGTGG•AATATCAcTATATTTGGTGTcGGGTATG 200 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 196 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 177 

RP46 

RP44 

RP4 

G V T I S Y H R N L A H Q S F K V P K W L E Y S L A Y C A V L S L Q 

GGTGTAACTATCTCTTAC•ATC•GAACCTTGCC•ACCAGAGCTTTAAG•TCCCCAAATG••TTGAATACTCGCTGGcTTATTGT•CAGTTTTGTcACTTC 300 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 296 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 277 

RP46 

RP44 

RP4 

G S P L E W V S T H R Y H H Q F T E K L R D P H S P N K G F W F S 

AGG•TAGTCcACTTGAATGGGTGAGCA•c•ATAGATAccACCATCAATTTACAGAAAAATTGAGAGACCCTCATAGCCCCAATAAGGGATTTTGGTTTAG 400 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 396 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 377 

RP46 

RP44 

RP4 

H L N W L F D Y H S R F G S Y D G Q L M K N V G D L E C Q L Y Y R 

TcACTTGAATT•GCTATTCGATTATCATTCTCGGTTTGGAAGCTATGACGGACAACTGATGAAGAA•GTGGGAGATTTGGAATGCCAACTATAcTATAGG 500 

:::::::::::::::•:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 496 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 477 

RP46 

RP44 

RP4 

F L H Y T Y F L H S V L L G V A L Y V A G G L P F V I W G M G V R V 

TTTCTTCATTATAcCTA•TTCCTTcATTCAGTTCTTCTTGGAGTTGCACTCTATGTGGCcGGAGGATTACCTTTTGTGATTTGG•GAATGGGTGTAAGGG 600 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 596 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 577 

RP46 

RP44 

RP4 

V V I S Q V T F S I N S I C H T W G K Q I W D T G D A S K N N W L 

TGGTAGTCATTTcACAA~TTACTT~TT~AATAAATTCTATTTGCCACACTTGGGGAAAACAAATATGGGATAcTGGTGATGCGTCAAAAAACAAcTGGTT 700 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 696 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 677 

RP46 

RP44 

RP4 

F G L L A F G E G W H N N H H A F E Y S A R Q G L E R W Q I D T S 

GTTTGGATTGCTGGCATTCG•AGAAGGTTG•cACAATAATCACCATGCTTTTGAGTACTCAGCT••AcAGGGCTTAGAAc•GT•GcAAATTGATACTA•T 800 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 796 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 777 

RP46 

RP44 

RP4 

W Y V I K F F Q V V G L A T H V K L P T E I Q K K R K A L A K N S I 

TG•TATGT•ATTAAGTTTTTTCAAGTTGTGGGTTT•G•CACACA•GTGAAA•TG•CAACCGAGATTCAGAAGAAACGAAAAGCTCTGG•AAAAAATT•GA 900 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 896 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 877 

RP46 

RP44 

RP4 

M K D K . 

TcATGAAGGATAAGTAATTT•AcCAATTAGCcATATATATGGCATT•TTG•TTATTGGCCACATCCTGGA•TAG•AGCTCCTACATCTCCT•ATGTG•TT 1000 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 996 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 977 

RP46 

RP44 

RP4 

GGGAATAAACTTTT••TAT•TAGATGTATGAACATTGATAA•T•TTTATGCCTC•ATTGTGATTTAG•CCAC•••A•TATCc•TGAGCTGATT•CAATTA I100 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 1096 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 1077 

RP 46 TAGTTTTAAAAAAAAAAAAAAAAAAA 1126 

RP 44 : : : C : : : TATCGGTGAAGTATGAATATTTTCTTTCAGCCTTTATTAAAAAAAAAAAA 1153 

RP 4 : : : C : : : TATCGGTGAAGTATGAATATTTTATTTCAGCCTTTATTAAATAAAAGCTGTGTTCAGTTGGGGGTTCCTAAAAAA 1159 

Fig. 2. Nucleotide and deduced amino acid sequences of  RP4, RP44 and RP46 cDNAs.  For RP4 and RP44, nucleotides iden- 
tical to those of  RP46 are shown by dots and only the nucleotides that differ among the three c D N A s  are shown. The amino acid 
sequences deduced from the three c D N A s  are identical. The initiation codon is indicated by underlining. Three nucleotides indi- 
cated by asterisks form a termination codon upstream of the open reading frame. 



Isolation of cDNAs homologous to RP4 

The cDNA library of day-4 petals was screened 
with the ~2P-labeled probe derived from the RP4 
cDNA. Among ca. 300 000 pfu of recombinants, 
about 800 phage clones hybridized with this 
probe. This result suggests that genes for the RP4 
cDNA or its homologous cDNA(s) were ex- 
pressed at high levels in day-4 petals. Fifteen in- 
dependent clones were arbitrarily selected, and 
partial nucleotide sequences of the cDNAs were 
determined. The cDNAs in the fifteen clones and 
RP4 were highly homologous to one another and 
differences were only found in the sequence of the 
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polyadenylation site and the length of the 5' re- 
gion. Two of the cDNA clones, designated RP44 
and RP46, were selected for further analysis. 

Sequences of RP4, RP44 and RP46 cDNAs 

The entire sequences of RP4, RP44 and RP46 
cDNAs were determined (Fig. 2). All three 
cDNAs were ca. 1.2 kb in length and each con- 
tained an open-reading frame of 891 bp that cor- 
responded to 297 amino acids. Apart from dif- 
ferences in their polyadenylation sites and in the 
lengths of their 5' regions, there were three nucle- 

Rose 
Synechocystis 
Anabaena 

1 ....................... MPSRLIN WQVQFF .... G--REWD-FM 
1 MLNPLNIEYL YLSKLFDNSL IVFNKRQLFR FFVRFFFMTA ALPNDSKPKL 
1 ..................................... MT- -IATSTKPQI 

ROSe 
Synechocystis 
Anabaena 

~ ~T~ ~s~v~ ~ ~ ~ ~,~s~ -s~rs~ 

Rose 66 ~ ~ K  V~SLA ~ L ~ S  PLUShlY ~QF~i(L~ 
~e~e~o~,~ ~0~ ~c~s~-~ ~i~v ~G~ ~ ~  8~T~ 
Anabaena 60 ~ L ~ Q  T.'~FLV ~GT~G P!~GT~I ~H~TDP~ 

Rose 116 ..... SP i .................... ~L~FDYH SRF~GQL MKNV~LEC~ L~'YTY 
Synechocystis 151 ~DS ..... ~ ~I~FEI P-A~-~IP- -RYT~IQ~ KF~NNL 

WW" ~9,~-~W " :~:~ :~::: ::": ~"': "-": :":" :- 

Rose 
Synechocystis 
Anabaena 

~ ~ ~  ~ v ~ ~ ~  ~s~s@%~ i@~w 
197 ILI~LI !:~;:i ~:~ !~:!~::.. ~ ~,~ ~ ..~ 

Rose 216 ~ G ' ~  L F G ~ ~ F ~ ~ T ~ y V ~ F  
Synechocystis 247 ~ Y ~  ~: . . . .  ~::~ .................... ':":::~" ............. ~%~9: :~:!:k~:~ ~"~ ..... 
Anabaena 206 ~ R ~  W V A ~ i i ~ ~ ~ L ~ T ~ Q  L ............. ~..~..~..~ ~ ; ~ ' . ' . ~ - ~  : - . - ~ . . ~ - ~  ........ ~ :~.:-~: ~- 

Rose 

Synechocystis 
Anabaena 

2 6 6 FQW~TH~ii~PTEIQKKR KALAKNS IMK DK 
297 LSL~KD~I~PPETAMAN KA . . . . . . . . . .  
2 5 ,  . . . . . . . . . . . . . . .  

Fig. 3. Alignment of  the product  o f R P 4  c D N A  with the amino acid sequences of  A9 fatty acid desaturases. A (this page). Alignment 
with A9 acyl-lipid desaturases of  cyanobacteria. B (next page). Alignment with A9 acyl-CoA desaturases of  a yeast and two 
mammals.  Rose, RP4 product;  Synechocystis, A9 acyl-lipid desaturase of  Synechocystis sp. PCC 6803 [ 15]; Anabaena, A9 acyl-lipid 
desaturase ofAnabaena variabilis [15]; Mouse  1 and Mouse  2, stearoyl-CoA desaturases SCD1 [9] and SCD2 [5] o f  mouse;  Rat, 
stearoyl-CoA desaturase of  rat [23]; Yeast, yeast A9 desaturase [22]. The 5' regions of  acyl-CoA desaturases and part  of the 3' 
region of  yeast acyl-CoA desaturases,  indicated by dashed lines, are omitted. Conserved amino acid residues and conservative 
substitutions are shadowed and identical amino acid residues in all the aligned sequences are indicated by asterisks. Three clus- 
ters o f  histidine residues, H - X - X - X - X - H  and H-X-X-H-H,  are indicated by thick bars. 
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Rose 
Mouse 1 
Rat 
Mouse 2 
Yeast 

Rose 
Mouse 1 
Rat 
Mouse 2 
Yeast 

Rose 
Mouse 1 
Rat 
Mouse 2 
Yeast 

Rose 
Mouse 1 
Rat 
MOuse 2 
Yeast 

Rose 
Mouse 1 
Rat 
Mouse 2 
Yeast 

Rose 
Mouse 1 
Rat 
Mouse 2 
Yeast 

Rose 
Mouse 1 
Rat 
Mouse 2 
Yeast 

Rose 
Mouse 1 
Rat 
Mouse 2 
Yeast 

1 .................................... MP~ 
i0 SSSYTTTTTI TAPPSGNE-- -REKVKTVPL HLEEDIRP~4 
i0 SSSYTTTTTI TEPPSGNLQN GREKMKKVPL YLEEDIRP~ 
i0 SGAYSATTTI TAPPSGGQQN GGEKFEKSSH HWGADVRP~L 
51 GFGSLMGSKE MVSVEFDKKG NEKKSNLDRL LEKDNQE~E 

13 --FG--REWD 
57 DEEGPPPKLE 
60 DEEGPPPKLE 
60 DDEGPPPKLE 

i01 PWTLNNWHQH 

~'M--~.~ ,.r-~v~c 
YVW~I I L~ LLH~GL~I 

Y~II~ LL@GA~.~.~ I 
~.~v~.~c ~ M ~  

LLAPFQFTWG 
ILVP SCKLYT 
TLIPSSKVYT 
TLVP SCKLYT 
LSGKVPLHLN 

Y~V~5~ 
IANTM~F~ 

$~R~'~SYD~Q 
AVKEKGGK 

~AVKEKGGK 
~AVKEKGGK 
~ YKARA - - 

-AGGLPFV~ 
WGETFVNS~F 
WGETFLHS~F 
WGETFVNS~ 
ND--YMG~I 

v ~  

T~I~F~Y 

~ - ~  

R e ~ - ~ v ~  

~o~ £ ~ ~ ~ R ~  

159 ~ H ~ H ~ F F ~ L V R K  
, . . . . .  .:.:: , ~ .~  ~ .~ . . .  

~5~ "r.-sC~-,.~ 
o~ ~w~R~ 

o ~ ~,v~R~ 

~ s~~ 

304 YS~YR~I 
o~ YS@~YR~, 
~o7 YS~YR~:t 

295 i"" K. 
353 ~:iss. 
356 .... s .  
356 ~SG. 
508 ~FF. 

PG~,.,.~c~ ~-~-vP~c 
~@.~c~ ~-~-v~c 
~i~.~.~ ~-~-v~% 
~.~.~,.~.~ ~-~c~ 

c~~ ~ ~  

@LY~YRP ~ KNIQ~I~ 
~LY~YRP ~ KNIS~ 

Fig. 9b. 

LI~-WQVQF- 
KE~IHDPTYQ 
RE~IHDP SYQ 
KD~LYDPTYQ 
AK~KIHI SEQ 

ALWVAI S ~ 
AL-FGIF~ 
LL-WGIF~ 
CL-FAYL~ 
VFLFSVF~ 

P LE~'~VS T~'Y 

L D ~ S ~  

VSTFLN~/T~ 
vsTF~Y~ 
vsT @Y   

RKALAKNS IM 
RIKRTGDGSH 
RIKRTGDGSH 
RIKRTGDGSC 
LIQQ--//-- 

otide differences among the open-reading frames 
of the three cDNAs.  All the mismatches were 
located at the third position of a codon, with the 
result that no change in the encoded amino acid 
was indicated. The RP46 c D N A  contained a stop 

codon (UAA) seven amino acids upstream of  the 
putative first methionine codon in the reading 
frame (Fig. 2). This result, together with the size 
of  an mRNA detected by northern blot analysis 
(Fig. 1), indicated that these three cDNAs con- 
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tained the entire coding regions of the correspond- 
ing genes. 

When the amino acid sequence deduced from 
the cDNAs was compared with the sequences in 
GenBank and Swissprot data bases, we found 
that the amino acid sequence encoded by the RP4, 
RP44 and RP46 cDNAs was significantly ho- 
mologous to the sequences of A9 acyl-lipid de- 
saturases of cyanobacteria (Fig. 3A). The extent 
of the identity was 40~o over the entire amino 
acid sequence. The amino acid sequence deduced 
from the RP4, RP44 and RP46 cDNAs was also 
similar to the sequences of A9 acyl-CoA desatu- 
rases of a yeast, mouse and rat (Fig. 3B) with the 
extent of identity being of 20-25 ~ .  In addition, 
the amino acid sequences contained three clusters 
of histidine residues, -H-X-X-X-X-H- (one clus- 
ter) and -H-X-X-H-H- (two clusters), which are 

well conserved in A9 acyl-lipid desaturases and 
A9 acyl-CoA desaturases and have been sug- 
gested to play an essential role at the catalytic site 
of the desaturases [15] (Fig. 3). Therefore, it is 
possible that the protein encoded by the three 
rose clones might be a A9 fatty-acid desaturase. 
The amino acid sequence deduced from the RP4, 
RP44 and RP46 cDNAs was, however, not simi- 
lar to that of A9 acyl-ACP desaturases [20]. 

Expression of RP4 

Figure 4A shows the results of northern blot 
analysis of the expression of the RP4 gene during 
senescence. The transcript was detected only in 
petals that were at the late developmental and 
senescent stages. Essentially the same results 
were obtained with petals from intact flowers that 
were still attached to plants (data not shown). 
The expression of the RP4 gene was unaffected 
by exposure t o  exogenous ethylene (Fig. 4B), 
which is known to induce a large number of 
senescence-related genes [12, 26]. 

Discussion 

Fig. 4. Northern blot analysis of the expression of the RP4 
gene in rose petals. A. RNA from petals at various stages of 
development, namely, stage 1 (lane 1), stage 2 (lane 2), stage 
3 (lane 3), stage 4 (lane 4), and stage 5 (lane 5), on the day 
of harvest (lane 6), and at various times after harvest, namely, 
one day (lane 7), 2 days (lane 8), 3 days (lane 9), 4 days (lane 
10), and 5 days (lane 11). B. RNA from petals of ethylene- 
treated flowers (lanes 1, 2 and 3) and non-treated flowers 
(lanes 4, 5 and 6). Flower stems were exposed to ethylene at 
ca. 650 ppm in a chamber for 1 day (lanes 1 and 4), 2 days 
(lanes 2 and 5) and 3 days (lanes 3 and 6). 

Differential screening of a cDNA library from 
rose petals allowed us to isolate three closely re- 
lated cDNAs, namely, RP4, RP44, and RP46, 
which were expressed specifically in senescing 
petals. These three cDNAs encoded an identical 
protein of 297 amino acids. The deduced amino- 
acid sequence of this protein is highly homolo- 
gous to those of A9 acyl-lipid desaturases of cy- 
anobacteria and, to a lesser extent, of A9 acyl- 
CoA desaturases of a yeast and mammals. This 
is the first report of the isolation of cDNAs ho- 
mologous to genes for A9 acyl-lipid and acyl-CoA 
desaturases from a higher plant. 

In plant cells, desaturation of fatty acids is as- 
sociated with the chloroplast membrane and the 
endoplasmic reticulum [21]. The deduced amino- 
acid sequence encoded by RP4, RP44 and RP46 
(Fig. 2) lacks a leader peptide that is necessary 
for targeting of a protein to the chloroplast. We 
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also note that the gene that corresponds to RP4 
was expressed specifically in mature petals and 
not in leaves which contain far more chloroplasts 
than petals. Therefore, it is likely that the putative 
desaturase is located in the endoplasmic reticu- 
lum. However, in the current scheme for the bio- 
synthesis of lipids in higher plants [21], neither 
A9 acyl-lipid desaturation nor A9 acyl-CoA de- 
saturation is involved in the main pathway of lipid 
synthesis on the endoplasmic reticulum. 

The biological role of the temporal and petal- 
specific expression of the putative gene for a de- 
saturase is unclear. However, Brown etal. [2] 
reported that, during senescence of carnation pet- 
als, microsomal phospholipids with polyunsatu- 
rated fatty acids were selectively degraded. Com- 
paring the degradation of phospholipids of 
naturally aged membranes and membranes that 
had been aged in vitro, they obtained evidence that 
desaturases and retailoring enzymes have roles in 
generating polyunsaturated fatty acids that are 
more susceptible to catabolism that saturated 
fatty acids. 

Methyl j asmonate might be involved in the bio- 
logical role of the putative gene for a desaturase 
in the senescence of petals. Porat et al. [11] re- 
cently demonstrated that, in addition to its pro- 
tective function in wounding and when there is a 
water deficit, methyljasmonate accelerates senes- 
cence of flowers. In petunia and dendrobium, me- 
thyl jasmonate enhances senescence of flowers 
via promotion of the production of ethylene [ 11 ]. 
Methyl jasmonate is synthesized via the peroxi- 
dation of linolenic acid by lipoxygenase [19]. 
Therefore, senescing rose petals may require the 
synthesis of linolenic acid from less unsaturated 
fatty acids by senescence-specific desaturases. It 
is also worth noting here that a C18-unsaturated 
fatty acid was shown to accelerate senescence of 
leaves ofFicus superba [24]. If a similar phenom- 
enon occurs in rose petals, the homologue of A9 
desaturases should accelerate their senescence. 
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