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Abstract 

The gene Pds encodes phytoene desaturase, a key enzyme in carotenoid biosynthesis that converts 
phytoene to ~-carotene. We have cloned and analyzed the genomic DNA sequence of Pds from tomato. 
In tomato Pds is comprised of 15 exons that, together with the introns occupy over 8 kb. A putative 
promoter sequence has been identified by comparison with the cDNA sequence of Pds. A consensus 
nucleotide sequence around intron splicing sites in tomato genes was determined by compiling data on 
137 introns in 34 genes. This consensus sequence generally agrees with the consensus sequence of other 
higher plants with only minor differences that are unique to tomato. 

Introduction 

Carotenoids comprise the largest class of pig- 
ments in nature. They are synthesized de novo 
only in photosynthetic organisms and in several 
bacteria and fungi, but are essential cellular com- 
ponents in animals. 

Carotenoids are produced in the general iso- 
prenoid biosynthetic pathway [6]. The first step 
that is specific for carotenoid biosynthesis is the 
head-to-head condensation of two molecules of 
geranylgeranyl pyrophosphate (GGPP) to yield 
cis-phytoene, a C4o colorless hydrocarbon. Phy- 
toene undergoes a series of desaturation and two 

cyclization reactions to yield g-carotene. Most 
xanthophylls are oxygenated derivatives of 13- 
carotene. 

Phytoene desaturase (PDS) is a key enzyme in 
the pathway. In cyanobacteria, algae and plants 
it is a single-gene product enzyme that carries out 
two dehydrogenation steps of phytoene to yield 
~-carotene [13, 16]. We have recently shown that 
in cyanobacteria PDS is a rate-limiting step in 
carotenogenesis [10]. Genes for enzymes in- 
volved in carotenogenesis have been cloned from 
Rhodobacter capsulatus, two Erwinia species and 
Neurospora crassa [ 1-4, 15]. However, due to lack 
of sequence conservation they could not be used 

The nucleotide sequence data reported will appear in the EMBL and GenBank Nucleotide Sequence Databases under the 
accession number X71023 (LEPDSG). 
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as molecular probes for cloning the homologous 
plant genes. 

The gene Pds, encoding a plant-type phytoene 
desaturase, was first cloned from Synechococcus 
sp. PCC 7942 [8, 9]. The cyanobacterial gene was 
used as a molecular probe for isolating the ho- 
mologous cDNA clones from the alga Dunaliella 
bardawil [ 17] and from tomato [ 16] and soybean 
[5]. The nucleotide sequences of these clones have 
been determined. The nucleotide sequences of the 
Pds gene from the cyanobacterium Synechocystis 
6803 [14] and the cDNA from bell pepper [12] 
have been recently published. Comparison of 
these sequences indicates a conservation of over 
60 ~o in the amino acid sequences of the various 
deduced PDS polypeptides [17]. 

Carotenoids are produced by all foliar tissues, 
however there is a large increase in carotenoids 
synthesis in certain tissues, such as flower petals 
and fruits. We have shown that this rise is ac- 
companied by an elevation in the steady state 
levels of Pds transcripts in ripening tomato fruits 
[16] and in tomato leaves which are exposed to 
high photon flux density [ 17]. The increase in the 
amount ofPds m R N A  has been recently found to 
be 10-fold in flowers and 10-fold in fruits [11]. 
Previously we have shown that Pds is a single 
gene in the tomato genome [ 17]. This observation 
has suggested that a transcriptional regulation of 
the same Pds sequence, which is likely to involve 
a single promoter, is responsible for the control of 
carotenogenesis. To study the molecular mecha- 
nisms of regulation of Pds transcription, we have 
cloned the genomic Pds sequence. We present 
here the organization and nucleotide sequence of 
the Pds gene from tomato. 

Cloning and sequencing of Pds from tomato 

A genomic DNA library from Lycopersicon escu- 
lentum VF36 (kindly provided by Dr D. Zamir, 
Faculty of Agriculture, The Hebrew University of 
Jerusalem) was screened with Pds cDNA [16]. 
This library was constructed by cloning genomic 
DNA fragments, resulting from a partial diges- 
tion with the restriction endonuclease Sau 3A, 

into the Bam HI site of 42 EMBL3. Escherichia 
coli strain KM 392 was transfected with the re- 
combinant phage. 

The genomic library was screened by plaque 
hybridization using as probe the 32P-dCTP- 
labelled cDNA from L. esculentum encoding phy- 
toene desaturase [16]. A positive )~ phage clone 
was isolated. The restriction map of the genomic 
DNA insert surrounding the Pds sequence is 
shown in Fig. 1. 

Five Hind III fragments, which were derived 
from the original genomic insert in the phage 
vector carrying the gene Pds, were subcloned into 
the plasmid pUC118 and deletion derivative were 
generated. The double-stranded DNA templates 
were sequenced by the chain termination method 
[20] using the Sequenase kit (USB). The nucle- 
otide sequence is given in Fig. 2. 

The coding sequences of Pds and the introns 
were identified by comparison with the cDNA 
sequence [ 16]. This comparison revealed that Pds 
in tomato is comprised of 15 exons interrupted by 
14 introns. One of the introns is located in the 
5'-untranslated region. The exon-intron organi- 
zation of Pds is schematically illustrated in Fig. 1. 

According to the cDNA sequence [16] the 
transcription starts at nucleotide 561 (Fig. 2). Pu- 
tative promoter 'TATA box' consensus sequences 
are found upstream to this site. We presume that 
this promoter, together with the nucleotide se- 
quence upstream to it, are involved in the regu- 
lation of Pds transcription during fruit ripening 
[ 16] and following oxidative stress [ 17]. 

The tomato gene that encodes the chromoplast- 
type ofphytoene synthase, Psyl, has recently been 
reported [18]. Though its expression during fruit 
ripening is up regulated at the transcriptional level, 
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Fig. 1. Restriction map and structure of the tomato genomic 
Pds gene. H, Hind III; E, Eco RI; P, Pst I. Boxes represent 
exons; NH 2 and COOH, represent the amino and carboxy 
termini of the protein, respectively; arrow, beginning of cDNA. 



431 

Table 1. Consensus  sequence for R N A  splicing in tomato  and other plants.  Nucleot ide frequencies are given as a percentage. A 

total  of 137 introns were examined.  L.e., consensus  for tomato;  A.t. ,  consensus  for Arabidopsis thaliana (data  from the Arabidopsis 
Data  Base); Plant,  consensus  for higher plants  (data  from Brown [7]). 

A. Nucleotide frequencies at the 5' exon-intron splice junction 

Exon Intron 

7 - 6  - 5  - 4  - 3  - 2  - 1  +1 +2 +3 +4 +5 +6 +7 

A 30.7 31.4 31.4 27.7 32.8 77.4 5.1 0.7 1.5 74.5 61.3 24.8 17.5 43.0 
C 21.1 19.0 21.9 16.1 38.0 3.6 2.2 0 6.6 5.8 16.8 11.7 16.8 8.8 
G 16.8 26.3 13.9 22.6 19.7 5.1 85.4 97.8 0.7 2.9 2.2 43.1 9.5 8.8 
T 31.4 23.3 32.8 33.6 9.5 13.9 7.3 1.5 91.2 16.8 19.7 20.4 56.2 39.4 

L.e. t/a N t/a t/a c/a A G G T A A G T A/T 
A.t. t/a/c a/c A G G T A A G T T/A 
Plant C/A A G G T A A G T 

B. Nucleotide frequencies at the 3' exon-intron splicejunction 

Intron Exon 

15 - 1 4  -13  12 11 -10  9 8 - 7  - 6  - 5  - 4  - 3  - 2  - 1  +1 +2 +3 +4 +5 +6 +7 

A 29.2 23.4 23.4 17 .6  18 .2  24.1 33.7 31.4 22.6 32.1 17.5 29.9 4.4 94.9 2.9 8.0 19.7 26.3 31.4 15.3 31.4 27.0 
C 10.2 7.3 8.8 10.9 9.5 14.6 9.5 13.1 16.1 10.2 2.9 11.7 65.7 2.9 0 13.9 12.4 20.4 14.6 13.9 16.0 16.1 
G 17.2 16 .8  15 .3  13 .1  19 .7  11 .7  10.9 8.0 11.7 18.3 13.1 29.2 1.4 2.2 95.6 56.9 24.1 24.8 29.9 32.1 27.0 31.4 
T 43.1 52.5 52.5 58.4 52.5 49.6 40.9 47.5 49.6 39.4 66.5 29.2 28.5 0 1.5 21.2 43.8 28,5 24.1 38.7 25.6 25.5 

L.e. T/a T T T T 
A.t. 
Plant T T T T T 

T T/A T/A T T/A T N C A G G T N N 
T T T G/a/c C A G G T N N 

T T T T T T G C A G G 

T/G N N 

it shares no sequence homology with Pds in the 
promoter and upstream sequences. 

Previously, we have demonstrated by Southern 
hybridization with cDNA that there is a single 
Pds sequence in the tomato genome [17]. The 
predicted restriction fragments of the genomic Pds 
are consistent with our previous results, thus con- 
firming that Pds is a unique gene in tomato. 

Consensus sequences for splice sites in tomato 
genes 

Nucleotide sequences at the intron-exon junctions 
in the Pds gene are generally conserved with the 
consensus intron borders sequences in eukaryotic 
genes [7]. We have compiled data on the nucle- 
otide sequences at the exon-intron borders of all 

known tomato genes that are available in the 
GenBank database and additional three unpub- 
lished genes, CD4A, CD4B and the gene for 
threonine deaminase. The proposed consensus 
sequences for splicing junctions in tomato genes, 
based on 137 introns in 34 genes, is given in 
Table 1. Most  intron sequences start with GT at 
the 5' and end with AG at the 3'. The tomato 
splice junction consensus sequence at the 5' is t/a 
N t/a t/a c/a A G ]] G T A A G T A/T (Table 1A). 
It agrees generally with the splice junction se- 
quences of plant and animal introns [7]. The to- 
mato 3' consensus sequence is T/a T T T T T 
T/A T/A T T/A T N C A G i l a  T N N G/T N N 
(Table 1B). It differs from the general consensus 
of plants at position -4,  where any nucleotide 
can occur, as in the animal sequences [7]. Al- 
though plant introns are essentially similar to 
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I AAGCTTGACGATT TTCCT TCAGAGTAGAAATTGAAAAGAATCAACTAAAAAGGATAGT CCT TCGATTTGAT T TCCGGCT TAAAAATAAACTAATAAGAATGAGAG 105 
106 AGCGAATAATAGAATATT TTGAAATTTTAAAGATATTCAACTAT GTTAAATTGCGTTATAAATTTCTTAAATTAGTAGCACCTAATAGT T TAGTT CTCAAAAGTC 210 
211 AAAACTA~TACAT~TCGTGCTCATTTTTCACATTAAAATGCCTACATGATGTAAAAGTAAAACTCGTAGCATT~TACGTGTTTTACTCAACTCAAACATCCTGT 315 
316 T CATTT TAATAAACGTACGATGAGCTTCTCTCTCCAATTTTCTT TT CTTTTTTT TTTTTAAAAJBJ~TATTTTTTTTTATATCAATCCAAATGGGCTCCAATTTAT 420 
421 CATAAAT TAGGTAGAAACTTAGATATTAAAGAAAGAAAAGGGTTTATCTcGCAAGTGTG•CTATGGTGGGAcGTGTCAAATTTTGGATTGTAGCCAAAcATGAGA 525 
526 T TTGAT T TAAAGGG/U~TTGGCCAAATCACCGAAAGCAGGCAT CT T CATCATAAATTAGTTTGTTTAT TTATACAGAATTATACGCTT TTACTAGTTATAGCATTC 630 
631 GGTAT CTTTTTCTGGGTAACT GCCAAACCACCACAAATTTCAAGTT T CCATT TAACTCTTCAACTTCAACCCAACCAAATTTATTTGCTTAAT T GTGCAGAACCA 735 
736 CTCCCTATATCTTCTA••T•CTTTCATTCGTTCCGAGgtaagaaaagatttttgtttctttgaatgctttatgccactcgtttaacttctgaggtttgtggatct 840 
841 tttaggcgactttttttttttttgtatgtaaaatttgtttcataaatgcttctcaacataaatcttgacaaagagaaggaattttaccaagtatttaggttcaga 945 
946 aatggataattttcttactgtg•aatatccttatggcaggttttactgttatttttcagTAAAAT•ccTcAAATTGGACTTGTTT•TGCTGTTAA•TTGAGAGTC 1050 

I M P Q I G L V S A V N L R V 14 
1051 CAAGGTAGTTCAGCTTATCTTTGGAGcTCGAGGT•GTCTT•TTTGGGAACTGAAAGTCGAGATGGTTGCTTGcAAAGGAATTCGTTATGTTTTGCTGGTAGCGAA 1155 

15 Q G S S A Y L W S S R S S S L G T E S R D G C L O R N S L C F A G S E 49 
1156 TCAATGGGTCATAAGTTAAAGATTCGTACTC•CCATG••A•GACCAGAAGATTGGTTAAGGACTTGGGGcCTTTAAAGgtttggtt•gaat•ctatagactgatg 1260 

50 S M G H K L K I R T P H A T T R R L V K D L G P L K 75 
1261 act tgaattattatctcaaggcatatatttctctaaaataaaggaactatcttgtcattcagGTCGTATGCATT•ATTATCCAAGACCAGAGCTGGACAATACAG 1365 

76 V V C I D Y P R P E L D N T V 90 
1366 TTAACTATTTGGAGGCTG•ATTTTTATCATCAACGTT•cGTGCTTCTC•GCGCCCAACTAAAC•ATTGGAGATT•TTATTGCTGGTGCAGgtgat at tccgggtc 1470 

91 N Y L E A A F L S S T F R A S P R P T K P L E I V I A G A G 120 
1471 ATCTATATTTGTAGCATTCGTTTTGCTTATTtcgaaggaagcattttt t t g c t g t a t t a t c a t t t g a a t a t  t t a t t g t a c c t g t a c a t g c c t g a t t a a c t g t t t g  1575 
1576 actacaaaat t tgaggt ta t taagcctc t tg tcat t t tgcgactaaatagaaagtcactgctgat tggactaggagcagt tacacaagt tg taaat t t tggacta 1680 
1681 t t cagcca tcac tc t • t t t a t t t c tgc tg t ta taa tg tc t ta t c t c t c ta t ca t t t gagcca tga taag tcac tgaaca tgc ta t tg t c tg tga •a tg tccaaa t  1785 
1786 ggtgactctgaagtattagaggttgtatatatcaattctccagtgcaagattgatcccatcccactatacctat•tattgcagtatgtggagttccaaaatttga 1890 
1891 acactaaat taagttacac••t••ggggttgcaacctttaatgcatgc•atctgtgagaacgtgaagcagatatatgatagatcttcatatttcatctttactat 1995 
1996 gctggagcagtgacctcta•gctgccttgaacttgttcattgacttggttgcaaaatactgtaacattcattttca•ctagtactataatcaactagtagaaaat 2100 
2101 tatattactacctaaagaagtgttatttgcatgatttgttccattgtacttcaaa•catataataaaga•ggca•cgc••ggtactagatagctatttcagataa 2205 
2206 •tggagc•gtaacatg•ttctatgataattcaactttttggaatatc•gGTTTGGGTGGTTTGTCTACAGCAAAATATTT•GCAGATGCTGGTCACAAACCGATA 2310 
121 L G G L S T A K Y L A D A G H K P I 138 

2311 •TGCTGGAGGCAAGGGATGTTCTAGGTGGAAAGgttaagaagatc••a•atttccttttttttaa••a•tcctttttctttttgtgtctttccct•ttagt•gtc 2415 
139 L l E A R O V L G G K 149 

2416 ctttttggggtaggggttctgtttgtttc•tataaatgtgctgtctttctggt•g•ttctacgtaacctagctaataccttt•gtct•gatcact•tgtta•gta 2520 
2521 gtttcaaaacaaaaaactctctct tagtttgttttatgt tttgatgcatgttttctctaaagattagatgtcctttt tgtctacttgct tttgt tacatttgcat 2625 
2626 tt•ggtgca•gttggt•tttgc•tacttaataatgc•tgttttaattttacttttctgcctattctatgtcctttaatca•gaatcgatttgcacgctatttctt 2730 
2731 cct cgtattttatgcatctatatgctttcaagttgaa•tggctag•atggattatcttgcttatggagtcaccaagaattctagttgtat•ggc•aacaattgat 2835 
2836 ttagtattagtctttatgtgttct•ctgttgagaattt•tatctccctttagGTAGCTGCATGGAAAGATGATGATGGAGATTGGTACGAGACTGGTTTGCATAT 2940 
150 V A A W K D D D G D W Y E T G L H I 167 

2941 ATTCTgtaagtttgacctctcattgttatat•tttacgttaatcttctatatactgtcattgtatttttttttttgatctctagccaattagacatctcctatcc 3045 
168 F F 169 

3046 tcgtttgtcgtttatcgtttatcttttacaaaaatagcctattattgt•agtaaatctgtattttgtctagcttctcctttctcatcttattattcatatagtga 3150 
3151 ctcatacaaattggtgcttgatctcttttaagTTGGGGCTTACCC~ATATTCAG~CCTGTTTGGAGAATTAGGGATT~CGATCGATTG~AATGGAAGG~CA 3255 
170 G A Y P N I Q N L F G E L G I N D R L Q W K E H 193 

3256 TTcAATGATATTTGCAATGCc~GCAAGcCAGGAGAATTCAGCCGCTTTGATTTCTCcGAAGCTTTACCcG~TCCTTTA~TGgtgagctaatcacgagtaaatt 3360 
194 S M I F A M P S K P G E F S R F D F S E A L P A P L N G 221 

3361 tctccctcttgtagtt•ttttgttaaacttcccta•taagctgtaaagttgatt•gaattcta•aaaa•a•atctgt•aaattgataagtcaatc•cacctatgg 3465 
3466 gactttactaaccttaaaag•gcataaaagttc•tt•cttcttc•ttggaccttttgtgtgc•gctaa•at•ttaaattctttgatataatttgc•gGAATTTTA 3 5 ~  

222 I L 223 
3571 GCCATCTTAAAGAAT~CGAAATGCTTACATGGCCAGAGA~GTCAAATTTG~TTGGACTCTTGCCAGC~TGCTTGGAGGGC~T~TTATGTTGAAGCT~ 3673 
224 A I L K N N E M L T W P E K V K F A I G L L P A M L G G Q S Y V E A Q 258 

36~ GATGGGATAAGTGTTAAGGACTGGATGAGAAAG•AAGtgcgtaatcaatt•tgttgctttttaagtgcataaaccctggctatatagttaccagttcacacacaa 3~0 
259 D G I S V K D W M R K Q G 271 

3~I attttc•tttgaggtgttagattgtctactgcctctcttttgctaagagcatacatctagcaaaatctcagcagcagcaagttgctttgcaggGTGTG•CGGACA 3~5 
272 V P D R 2 ~  

3886 GGGTGACAGATGAGGTGTTCATTGCTATGTCAAAGGCACTC~CTTTAT~ACcCTGA~GAACTTTC~TGCAGTGCATTTTGATCG~TTGAACAGGTTT~TTC 3990 
2 ~  V T D E V F I A N S K A L N F I N P D E L S M Q C I L I A L N R F L Q 310 

3991 AGgttagaatcctgatcccacattcaaaacaaagagagagagagaagtacttt tgtcccttccagactctcacataacatgaaatctctaactaaggagcttaaa 4095 
4096 t • tgat tgggt tg tccataagt tcatc t tg t t tggtacgcaacactagat tgc tg taggaaacat tcataatggcagt t t tgaagatgaaact t t tgaagt tacc 4200 
4201 atccgtcaaataatatactttggttttgcttgttacttctggagggacaggtttctctaggttg•g•gcatattgtttaactgctggagaagtttttgtttaatc 4305 
4306 gac•tactctcagaagcttctactagcagaaatggaactgatttatgctaacttggacacttatattaaccatcctctcctcctttttcttttcccattactttt 4410 
4411 ct•aatcatcttcag•aacttct•tt•aacttctcca•attctaccatgcaaatgggcctcttgta•attataccctg•atctcatggatgaaggactactttac 4515 
4516 tgattcacttttaaacagctcagttgtcatctagtatgcattttattgtcttaaagaatttaaggtgaactacttataacttggaaacaaacaaaccccgaaaga 4620 
4621 ataagaaatgatggtgaatttctccattcagtttagcttttctgatatattgattataattaaca~GAGA~CATGGTTC~AAATGGC~TTTTTAGATGGT~T 4~5  
311 E K H G S K M A F L D G N 323 

4~6 C~T~CTGAGAGACTTTGCATGC~GATTGTTGAACACATTGAGTCAA~GGTGGCCAAGT~AGACTG~CTcACGAATAAA~AGATTGAGcTGAATGAGGATGGA 4830 
324 P P E R L C M P I V E H I E S K G G Q V R L N S R I K K I E L N E D G 358 
4831 AGTGTCAAGAGTTTTATA~TGAGTGACGGTAGTGCAATCGAGG~GATG~TTTTGTGTTTGCCGCTCCAGgtataatatccattatactagttgattaatcca~t 4~5 

359 S V K S F I L S D G S A I E G D A F V F A A P V 382 
4936 tttcagtttcttaatatgagttatgatttttgctgatttttgatgaaccaattagTGGATATTTTCAAGCTTCTATTG~TG~GACTGGA~GAGATTCCATAT 5040 

3 ~  D I F K L L L P E D W K E I P Y 398 
5041 TTC~AAAAGTTGGAGAAGTTAGTcGGAGTA~TGTGATA~TGTACATATATGgttagtgttgaat~t~ttttacttgttagtgtttg~gagatgcatacctatg 5145 
399 F Q K L E K L V G V P V I N V H I W 416 

5146 tatgtgcaatga•atgtctatacatgtatgtttataaatattgacttgcat•tcctcagtcttgtgtgaatttcccttgaatgaggaattatggatgttgggttt 5250 
5251 tccgaaacttagatagtaaaagtgcaaatttctgtacatattttaatgagaagaactaccatcgttctggccattagtggctaatattctgctgaaaagaaaaaa 5355 
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5356 attctcatcatgaattcatatgtatccttaatatactgaagcgactacagttat•ggtaccaaaccaataacgattgtataaattaaactgcaGTTTGA•AGAAA 5460 
417 F O R K 420 
5461 ACTGAAGAACACATATGATCATTTGCT•TTCAG•AGgttaatttcattcactttattcttccaaagcagtttgtgtgtcgatgacttcattttcatttagttccc 5565 
421L K N T Y D H l L F $ R 432 
5566 tt•ct••tcttccagtgtcattattatttgatacaacattgagtagacggattatcaattt•ctgcaaatttcctagtgacttaaatcattagattcatat•att 5670 
5671 gtaaatggctatgtttaatagaaagttaatgaagtatttattggtctaaataagcatttgttgttgcccctcccccttcccggtgaaaatccttct•taag•att 57~ 
57~ agctggtgagattcagttgaggatagacatgacatgtcacggcaaccacttctccgtggcatgaaaaatggactagagatccaa•tcgtcacatttcatcagcta 5880 
5881 tatgttaattat•ttccctttagtttttaaat•acaccggctggtggagacagataaatagagctcctttttcaattcttaaaaatattgtgtt•tttatgatac 5985 
5986 ttctattggttccttttcttaatttctctttcatattcatgcagAAGCTCA•TGC•CAGTGTGTATGCTGACATGTCTGTTACATGTAAGgtattcatat•taac 6090 
433 S S L L S V Y A D M S V T C K 447 

6091 catttatattgctctcaaattataatctgtgg•cttgtgtataatttgctgtgaattcgataatgctgttggtaagtgtatgaattcccgctgttgtaatcttc• 6195 
6196 tttggatatacaatgatattggttttgtatatatggaatagccagggctatgatcctgtctgtgcacgggcccggagccaccacatgaggcaagttacacaggac 6300 
6301 aagt•a•gaaattttgacgaaacttagccggagattttttttttccattttagctaattttctaagaatttaatgggataaaattcttttattagctatctaggt 6405 
6406 tcttgctgccttgggggtggaggggtaagaagagaacttaattcagtgttacctgcagttttggaaagagtctacagatctacttctcagttttattggttgtgg 6510 
6511 aaatctgtacaaatataaagcattgccaaaaagttggagaagttaaacttgaaaaaagaggcttatgatagaacactcagacaattgtctatcgtaaaaatattt 6615 
6616 tcctttgctgtgtat•gtcattatcccattctcttcatgtgtgttttacgaccctctgacatagctggcctctatgcagGAATATTAcAACCCCAAT•AGTCTAT 6720 
448 E Y Y N P N Q S M 456 

6721 GTTGGAATTGGTTT~TG~CCTGCAGAAGAGTGGATATCTCGCAGCGACTCAGAAATTATTGATGCAACGATGAAGGAACTAGCAACGCTTTTTCCTGATGAAAT 6825 
457 L E L V F A P A E E W I S R S D $ E I I D A T M K E L A T L F P D E ! 491 

6826 TTCAGCAGATCAAAGcAAAGCAAAAATATTGAAGTACCATGTTGTCAAAA•TCCGAG•taatatagcattt•tccttcatagtt•ctcatcatgatat•tttttt 6930 
492 S A D Q S K A K ! L K Y H V V K T P R 510 
6~I cactcttcatacaaatatttagatcatatttgagagtcct•catttacta•aatcgagtcc•aatg•agtctatacatgaatccttgttgatctgctttttttct ~35 
7036 ctcagGTCTGTTTAT~AACTGTG~CAGGTTGTGAACCCTGTCGGCCTTTACAAAGATCCCCAATAGAGGGGTTTTATTTAGCCGGTGACTACACG~ACAGAAA 7140 
511 S V Y K T V P G C E P C R P L Q R S P I E G F Y L A G D Y T K Q K 543 
7141 TACTTGGCTTCAATGGAAGGCGCTGTCTTATCAGGAAAGCTTTGTGCTCAAG•TATTGTACAGgtaagttctcactggttgtcagcagttgtttctttcattcct ~45 
544 Y L A S M E G A V L S G K L C A Q A [ V Q 564 
7246 ggtatgtttgattatattctgtcttctttgttatggtagagaagtgtagaaccatttcttaggcattacatttg•tagcagtctctttctgtaagcctgtttctc ~50 
~51 attaatttggcgggagagaggggttgtcaagtagtacaacttcacttctgacggagcttctttctct•aacttgtaccttcaacagaaatggatgtcgaacatgc ~55 
~56 ctatactaattctgcctagcgtaatagtttctccaaccaaatttaatagtttgtgcacacaccagttagtcaaggagtactgtagtctcccattcttaattatgg ~60 
7561 tcttggtttgatcccttggaaaaggagaaaat•tt•ga•ggagcaatttcccctttaaacggcacgcaaacagataaggttggacgagtgagtttgaatactgga 7665 
~66 tggattaacaacaaaaaatt•gacggctacagatgcagtgttgtgtgtcttagaacctcagtagtagcgtgatatatgcagagagttgtgttattcatctttata 7770 
7771 cacctatatttgcagGATTATGAGTTACTTGTTGGACGTAGCCAAAAGAAGTTGTCGGAAGCAAGCGTAGTTTAGCTTTGTGGTTATTATTTAGCTTCTGTACAC 78~ 
565 D Y E L L V G R $ Q K K L S E A S V V * 5~ 

~ TAAATTTATGATGCAAGAAGCGTTGTA•ACAACATATAGAAGAAGAGTG•GAGGTGAAG•AAGTAGGAGAAATGTTAGGAAAGCTCCTATACAAAAGGATGG•AT 7980 
~81 GTTGAAGATTAGCATCTTTTTAAT~CCAAGTTTAAATAT~AGCATATTTTATGTACCACTTTCTTTATCTGGGGTTTGTAATCCCTTTA~ATCTTTATGCAATC 8085 
8086 TTTACGTTAGTTAATATCTAT~TATCGATATTCTAGTATCTTATACTATAGATCC~TGAACCAAGAATTATGAACCGTGTCTTCCAGAAATTCTAATAATGAT 8190 
8191 GGGAGCAATATAAATATAAGGATGTCTTTGACAATAAAAGGGCGGTGGAAGAGTTATAGTGAAAGCTT 8258 

Fig. 2. Nucleotide sequence of the Pds gene of tomato. The deduced amino acid sequence of PDS is written under the first 
nucleotide of the coding sequence. The introns are shown in lower-case letters. Predicted TATA and CAAT consensus sequences 
are underlined. 

eukaryotic introns in terms of 5' and 3' of the 
splice sites, they generally have less pronounced 
polypyrimidine stretch at 5 to 15 nucleotides up- 
stream to the 3' splice site and, instead, they 
contain A and T [7, 20]. The tomato sequence is 
similar to other plants in this respect. This A-T- 
rich sequence is more pronounced in dicots than 
monocots and is required for efficient splicing 
[20]. 
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