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Summary. We have cloned and sequenced all five members
of the gene family for the small subunit (rbeS) of ribulose-
1,5-bisphosphate carboxylase/oxygenase from tomato, Ly-
copersicon esculentum cv. VFNT LA 1221 cherry line. Two
of the five genes, designated Rbces-1 and Rbes-2, are present
as single genes at individual loci. Three genes, designated
Rbes-3A4, Rbes-3B and Rbes-3C, are organized in a tandem
array within 10 kb at a third independent locus. The Rbes-2
gene contains three introns; all the other members of the
tomato gene family contain two introns. The coding se-
quence of Rbcs-1 differs by 14.0% from that of Rbes-2
and by 13.3% from that of Rbcs-3 genes. Rbes-2 shows
10.4% divergence from Rbcs-3. The exon and intron se-
quences of Rbes-34 are identical to those of Rbes-3C, and
differ by 1.9% from those of Rbcs-3B. Nucleotide sequence
analysis suggests that the five rbcS genes encode four differ-
ent precursors, and three different mature polypeptides. S;
nuclease mapping of the 5" end of rbcS mRNAs revealed
that the mRNA leader sequences vary in length from 8
to 75 nucleotides. Northern analysis using gene-specific oli-
gonucleotide probes from the 3" non-coding region of each
gene reveals a four to five-fold difference among the five
genes in maximal steady-state mRNA levels in leaves.

Key words: Tomato — Nucleotide sequence — Ribulose-1,5-
bisphosphate carboxylase — Multigene family — Differential
expression

Introduction

All components of the photosynthetic apparatus in higher
plants are composed of proteins encoded by the nuclear
or chloroplast genomes. Of these, the stromal enzyme ribu-
lose-1,5-bisphosphate carboxylase/oxygenase is a widely
studied example for the coordinate regulation of nuclear
and plastid genes during chloroplast development and as-
sembly of photosynthetic proteins (Miziorko and Lorimer
1983). The enzyme consists of eight large subunits of
55000 M, and eight small subunits of 14000 M, (Blair and
Ellis 1973). The expression of the gene for the large subunit
(rbcL), located in the large single copy region of the chloro-
plast genome (Bedbrook et al. 1979), has been analyzed
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at the transcriptional, post-transcriptional and translational
levels in several plants (Berry et al. 1985; Inamine et al.
1985). The gene for the small subunit (rbcS) is present as
a multigene family in the nuclear genome of most higher
plants (Berry-Lowe et al. 1983). The DNA sequence of at
least some of the rbcS genes has been determined in pea
(Timko et al. 1985; Fluhr et al. 1986b), soybean (Berry-
Lowe et al. 1982), petunia (Dean et al. 1985; Tumer et al.
1986), wheat (Broglie et al. 1983), tobacco (Mazur and Chui
1985), duckweed (Stickema et al. 1983) and tomato (Pi-
chersky et al. 1986). The expression of the rbcS genes ap-
pears to be controlled primarily by light during chloroplast
development (Tobin and Silverthorne 1985), but tissue-spe-
cific and developmental regulation of this gene family has
also been reported (Dean et al. 1985; Fluhr et al. 1986b;
Sheen and Bogorad 1986).

We have initiated a systematic study of regulatory mech-
anisms that control the expression of nuclear and plastid
genes in different organs and during plastid differentiation
in tomato (Lycopersicon esculentum) (Piechulla et al. 1985,
1986; Gruissem et al. 1987). As a first step in an attempt
to elucidate the DNA regions and trans-acting elements
involved in the regulation of rbcS expression, we have
cloned and sequenced the complete tomato rbeS gene fami-
ly. We present here the organization and DNA sequence
of all five tomato rbcS genes. In addition, we have used
the DNA sequence information to construct gene-specific
synthetic oligonucleotides. The gene-specific probes were
employed to estimate the relative amounts of mRNA for
each of the rbcS genes in tomato leaves.

Materials and methods

Plant material. Seeds of Lycopersicon esculentum cv VENT
LA1221 cherry line were germinated in soil; seedlings
grown hydroponically for 3 weeks were used as root and
leaf material.

Isolation of tomato DNA and RNA. High molecular weight
DNA was isolated from frozen root tissue essentially ac-
cording to the procedure of Bendich et al. (1979). Total
RNA was prepared as described by Piechulla et al. (1986)
from leaves harvested between 10 a.m. and 12 noon.

Construction of tomato genomic libraries. The libraries were
constructed following the general procedure of Maniatis
et al. (1982). Two different tomato genomic libraries were
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constructed to ensure isolation of all tomato rbcS genes.
For the first library, high molecular weight DNA was par-
tially digested with Sau3A and size-fractionated through
a 10%—-40% sucrose gradient. DNA fragments larger than
15 kb (0.4 pg) were ligated to lambda EMBL3-BamHI di-
gested arms (Frischauf et al. 1983), packaged in vitro using
a packaging extract (Gigapack, Vector Cloning Systems)
and amplified in E. coli LE 392. The yield was 1.5 x 10
phage per ug insert DNA, and the total size of the library
was 9.4 x 10° phages, this represents a nearly complete ge-
nomic library, as the genome size in tomato is 3.54 x 10° bp
(Bennett and Smith 1976). For the second library, tomato
genomic DNA was digested to completion with HindIIl,
and DNA fragments larger than 10 kb were size-fraction-
ated. To prepare arms of lambda Charon 35 (Loenen et al.
1983), Charon 35 DNA was digested sequentially with
HindIII and BamHI. The arms were annealed and separated
from the stuffer DNA on a sucrose gradient. Size-fraction-
ated tomato DNA fragments (0.4 pg) hybridizing to the
tomato rbcS ¢DNA probe were cloned using the Charon
35 arms (1 pg) and a packaging extract (Gigapack). When
approximately 18 kb DNA fragments were used for cloning,
7.2 x 10° phages were obtained per ug insert DNA. Efficien-
cies were lower with insert DNA fragments larger or shorter
than 18 kb.

Isolation of clones containing the rbcS gene from the tomato
libraries. The libraries were screened by plaque hybridiza-
tion according to the procedure of Maniatis et al. (1982).
The probe used was a 0.7 kb Pstl fragment containing the
entire coding sequence of the tomato rbcS ¢cDNA clone
3-91 (Bernatzky and Tanksley 1986). Filters were incubated
at 42° C for at least 1 h in prewashing solution (50 mM
Tris-HCl pH 8, 1 M NaCl, 1 mM EDTA, and 0.1% SDS),
and incubated at 65° C for 34h in 5x SSPE (1 x SSPE=
0.75M NaCl, 50 mM NaH,PO,, pH74 and 5mM
EDTA), 5 x Denhardt’s (1 x Denhardt’s=0.1% each of Fi-
coll, polyvinylpyrrolidone and BSA), 0.1% SDS and
100 pg/ml denatured salmon sperm DNA. Hybridization
was carried out at 65°-68° C for 20 h. The filters were
washed three times in 2 x SSC (1 x SSC=0.15 M NaCl and
0.015 M sodium citrate, pH 7) and 0.1% SDS at room tem-
perature for 10 min each, and then washed twice for 1 h
in 1 xSSC and 0.1% SDS at 65°-68° C. Positive plaques
were picked, replated and rehybridized until a single phage
had been isolated. Phages were isolated using CsCl discon-
tinuous gradients, and phage DNAs were purified by phe-
nol extraction (Maniatis et al. 1982).

Subcloning and sequencing of fragments containing the rbcS
gene. DNA fragments containing the rbcS gene were sub-
cloned into phage M13mp18/19, pUC18/19 and pUC118/
119 (Vieira and Messing 1987). DNA fragments used for
sequencing were as follows: 1.5 kb Sau3A fragment (Rbcs-
1); 1.2 kb Sau3A, 3.8 kb HindIII-Sau3A and 2 kb EcoRI
fragments (Rbcs-2); 1.3 kb Sau3A and 1.55 kb HindIII-
EcoRI fragments (Rbcs-34); 2.9 kb Sau3A-HindIII frag-
‘ment (Rbes-3B); 1.75 kb Sau3A fragment (Rbcs-3C). The
templates for DNA sequencing were prepared essentially
as described by Messing (1983). DNA sequencing was per-
formed using the dideoxy chain termination method and
35S dATP (Biggin et al. 1983). Synthetic oligonucleotide
primers for sequencing were 5CAAGCTAGCATGGT,
SGGATGGGTTCCTTGCTTGG, 5GGGTGCACT-

kb

= 16.4
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Fig. 1. Southern blot analysis of tomato genomic DNA. Tomato
nuclear DNA (10 pg) was digested to completion with HindIIl,
separated on 0.8% agarose gel and transferred to a nylon mem-
brane filter. The filter was hybridized with the tomato rbeS cDNA
probe at 65° C for 20 h in 5x SSPE, 5 x Denhardt’s, 0.1% SDS
and 100 pg/ml denatured salmon sperm DNA. The final wash was
at 65° Cin 1 x SSC, 0.1% SDS

GATGCAAC and their complementary sequences. These
primers are located in the protein coding regions. Oligonuc-
leotides 5S'GTAGTTACTGACCAC, 5GAGTTCAT-
CAATTCTAG and YGAACATCACTAGTC were used
for sequencing the introns of Rbes-2. Both strands of DNA
fragments containing the rbcS gene were sequenced. Syn-
thetic oligonucleotides were prepared as described pre-
viously (Gruissem and Zurawski 1985).

Southern blot analysis. For the genomic Southern blot anal-
ysis high molecular weight DNA (10 pg) was digested to
completion with EcoRI, EcoRV and HindIIl, and separated
on a 0.8% agarose gel. The gel was incubated in 0.25 M
HCI for 12 min at room temperature. Denaturation and
neutralization of the gel, and transfer of DNA to a nylon
membrane filter (Hybond-N, Amersham) were according
to Southern (1975). The filter was prehybridized in
5x SSPE, 5 x Denhardt’s and 0.1% SDS at 65°C for 1 h,
then hybridized for 20 h before washing twice with 2 x SSC
at 65° C for 20 min, and then with 2 x SSC and 0.1% SDS
for 30-60 min. For the analysis of cloned DNA fragments,
the same procedure as described above was used except
that incubation of the gel in 0.25 M HCl was omitted. The
tomato rbcS cDNA clone and a 5-specific DNA fragment,
the 362 bp Pvull — EcoRI from phage 20B (Pichersky et al.
1986), as well as five gene-specific oligonucleotides, were
used as hybridization probes.

5 end Sy mapping rbcS mRNA. To prepare gene-specific
fragments for S; mapping, the coding region primer,
5’ACCATGCTAGCTTG (+55 to +68) was labeled with
32P_ATP using T4 polynucleotide kinase (Maniatis et al.
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—_ transcription direction of each gene
1982). The end-labeled primer was annealed to the recom- Sa 5 s Sa
binant M13 clones containing the non-coding strands of Rbcs—1 —mmmm —— -
the respective tomato rbcS gene and then incubated at 37° C AR
for 30 min in 30 mM Tris-HCl, pH 8.3, 36 mM NacCl, Rbcs-2
S5mM DTT, 6 mM MgOAc, 0.08 mM each of dATP, Sauﬁ 5 Sa SaSa ’? @ H
dCTP, dGTP, dTTP, and with AMV reverse transcriptase 2 - — < ,- i+
(0.06 units, Life Sciences) and Klenow fragment (0.43 units, -,
BRL) according to the procedure of Zaug etal. (1984). R
After primer extension, the reaction mixture was ethanol- H i A
precipitated and digested with restriction enzymes, Haelll Rbcs-3A ¥ == %——
(RbeS-1 and RbcS-3C), Fokl (Rbes-2), Sau3A (Rbes-3A4) sa .
or Ddel (RbcS-3B). The 5’-end-labeled coding strands were e Cm e
separated by electrophoresis on 5% polyacrylamide gels Rbcs- 3B = 1
(Maxam and Gilbert 1977). S; mapping was carried out s ‘ ‘
as described previously (Sugita and Sugiura 1984). The L__f’l-_—ﬁ_ia
5-end-labeled coding strands were hybridized with total Rbcs-3C "
tomato leaf RNA (20 pg) at 50° C or 52° C for 6 h in 15 pul
70% formamide, 0.04 M PIPES-NaOH, pH 6.7, 0.5 M T e

NaCl and 1 mM EDTA. The hybridization mixture was
then diluted with 150 pul 30 mM Na-acetate, pH 4.6, 1 mM
ZnSO,, 0.25M NaCl and 20 pg/ml denatured salmon
sperm DNA and digested with 700 units/ml S, nuclease
at 24° C for 60 min (Rbes-1) or at 37° C for 30 min (other
genes). The S;-protected fragments were ethanol-precipi-
tated with 5 pg carrier yeast tRNA and analyzed on 6%
sequencing gels in parallel with the sequencing ladder of
the coding strand primer-extended with *?P-dATP and
Klenow fragment.

Northern hybridization. RbcS gene-specific oligonucleotide
probes (20 mers) were labeled with 32P-ATP using T4 poly-
nucleotide kinase. Unlabeled primer was added to adjust
the specific activity. Total leaf RNA was electrophoresed
in a 1.2% agarose gel containing formaldehyde (Maniatis
et al. 1982), transferred to a nylon filter (Hybond, Amer-
sham), and hybridized with the 5" end-labeled gene specific
probe at 10° C below the T, (melting temperature) of each
probe (Wallace et al. 1979) for 20 h in 5 x SSPE, 5 x Den-
hardt’s, 0.1% SDS and 100 pg/ml denatured salmon sperm
DNA. After hybridization, the filters were washed twice
at room temperature for 15 min in 6 x SSC, and then at
5° C below the T, of each probe for 30 min.

Fig. 3. DNA fragments containing the tomato rbcS gene and se-
quencing strategies. Restriction sites used for subcloning are indi-
cated as H (HindIIl), R (FEcoRI) and Sa (Sau3A) (see Materials
and methods). The protein-coding (exon) regions are indicated by
filled boxes and their ends are marked 5" and 3’. The closed and
open circles indicate the positions of the synthetic oligonucleotide
primers and M13 primers, respectively. The arrows indicate the
direction and extent of sequencing

Results

Southern blots of tomato genomic DNA

Tomato nuclear DNA was digested to completion with
EcoRI, EcoRV and HindlIll, and subjected to Southern blot
hybridization with the insert DNA fragment from tomato
rbcS cDNA clone 3-91 (Bernatzky and Tanksley 1986).
Five discrete HindIIl fragments from 3.45 to 16.4 kb hy-
bridized to the rbcS probe (Fig. 1). In addition, at least
six EcoRI fragments, ranging from 1.7 to 13 kb, and seven
EcoRV fragments, ranging from 2.45 to 20 kb, gave a posi-
tive hybridization signal (data not shown).
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Rbcs—1

AGGGCGTAAAATATTTTTTTAAAAAAGGCACTTAGCTCCAATTTCTTACCTTTCATGTGGCCATTAAACTTTGTAATATATCAACAACCAAATCCAATGGTCGCCCTTCATCTAAGATGAGGCTTCTTTIGTTTCTATCC  —~141
e
GTTAGATTTTAAAAAACGTCTAAAACCTTATCATTATATAAAGGGACGATACCACTGTGTAATAAGCATCTTTAAAAAAAATATAGTTTCTTTGAAATTAAAAAAAAAAAAAACATTTTATAGCTAAGTAAGTAAACGCA -1

M A 5 S I V S S A A A A T R S N V A Q A 5§ M V A P F T G L K S A A s F
ATG GCT TCC TCA ATT GTC TCA TCG GCA GCC GCT GCT ACC CGT AGC AAT GTT GCT CAA GCT AGC ATG GTC GCA CCC TIC ACC GGA CTC AAA TCC GCC GCT TCT TTT 105

'PVTKKNNNVDITSIASNGGRVRC'MQ
CCC GTT ACC AAG AAG AAC AAC AAC GIT GAC ATT ACC TCC CTT GCT AGC AAT GGT GGA CGC GTT AGA TGC ATG CAG GTTATTCAAAAATAAGTGATTCAATTATCAGTATG 215

vV W P P I N M XK K ¥ E T L § ¥ L P D L
TATATATAATTTAAATTCAACGCGATTATTTTATAATOGTGGAATGTTTGACTAATGTAG GTG TGG CCA CCA ATC AAC ATG AAG AAA TAC GAG ACA TIG TCA TAC CIT CCT GAC TIG 332

s D E Q L L s E I E Y L L K N G W V P €C L E F E T E
TCC GAT GAG CAA TTG CTT AGC GAA ATT GAG TAT CTT TIG AAA AAT GGA TGG GIT CCT TGC TIG GAA TIC GAG ACT GAG GTCAATATCTCGTATTTTATTTAATGATTTAT 442

R 6 ¥ v Y R E N N 5§ 8 P G Y Y D G R
CTAATTATTTGAAGTTATAAAAATAATTTGAACTGTCGTTTGTTTGTAATATATGTATGTAACAG ~ OGC GGA TTT GTG TAC CGA GAG AAC AAC AGT TCC CCT GGA TAC TAC GAT GGT AGA 561

Y W T M W K L P M F 6 ¢C T D A T Q@ V L A E V ¢ E A K K A Y P Q A W V R
TAC TGG ACC ATG TGG AAG TTA CCT ATG TTT GGG TGC ACT GAT GCA ACA CAG GIG TIG GCT GAG GIT CAA GAG GOG AAG AAG GCG TAC CCA CAA GCC TGG GIT CGT 666

I I ¢6 F D N V R Q V qQ ¢ I s F I A Y K P E G F -
ATT ATC GGA TTC GAC AAC GTT CGT CAA GTC CAG TGC ATC AGC TIC ATT GCC TAC AAG CCA GAA GGA TTC TAA  ATTT(CCAAACATATAATCAAAATG)TTTGTTTGATTIGIAC 778

CTAAGTCITTAATTTTTTTTCI TCAATTTTTGTTTIGCATTTIG TICCTATTIGTACCGG TG TATTT TCTTCGATTCCGACCAAG TTATGAGAAATTAATAATGATGAATCGGTGGTTATATGTTTAATCATGTGTTICTT 918
TTTTTAAAAAATTTGTGTGGTCTGAATGAGTTTTATTATCCAAAATAAAAATCTCACTTTAAATATGAAAATGACATATGAACTACTTT TG TCCGGGCAACTTTAGCAGAGATTAACCATAGATATATGAGATATATAAT 1058

Rbcs—-2

TTACATAAAGTTGAGGACAATATAAGCAAGCAAACAAGTACTCTAGCTATCAATTTACTTTGGACTACTATATGATAAATATTTCAACCCCCCTCCTCCCCCACCAAAAAAAAATTAAAATAACAAGTTGAAGGACTCAA  ~281
AAAAAAAAAAAAAAAAAACTCAAAACCAACCTCAATCATACATTCATATCCTCTTCCTAGCCCCATCT TGGATGAGATAAGATTAACGAGGTGCTTACACGTGTCACCTCTATTG TGG TGACTTAAAAAMATTCCAACC  —141

T’I'I‘CATATGTAGATA’ITAAGTAAITGTATAA’I‘GTIATCAAGAACWMMMTMWQMHMTMMT@ACM&MAGGHMATMACMMAMMGMCM -1

M A $ § vV I 8 8 A A V A T R 8 N V T Q A s M V A P F T 6 L K § T A § F
ATG GCT TCC TCT GTC ATT TCT TCA GCA GCT GTT GCC ACA CGC AGC AAT GTT ACA CAA GCT AGC ATG GTT GCA CCT TTC ACT GGT CIC AAA TCT TCA GCC ACT TIC 105

PVTKKQNLDITSIASNGGRVSC'MQ
CCT GTT ACA AAG AAG CAA AAC CTT GAC ATC ACT TCC ATT GCT AGC AAT GGT GGA AGA GTT AGC TGC ATG CAG  GTAACTCACTCATCGGTTTTCCGAAATTGATATTTTCTTAGT 219

ATGTTGTAACATGTAATCTGTCTTATTTCTCGATTCAATTATCTAAGGGTTATATGTATGTTAGCTACTCTCTCTGGCTTAATTTATGTGACGGTAGTACTATTTTATTTTAGTTAGTATAAAAAAGAGTGATTTACTTT 359
GTTTCAGTTTGTTIGTTTAATCTTAATTTAACATAACTTTTAAGAAAATTAAAAAGTCTTTTGAATTIGTAGTTTTAAATT AAAGTTACGTAGAATGTATTAAAATATCCTACATTTIGTGATTTCAAACATGTTAACTG 499
TCACGTGAAAAATTAGAATTAGATAATTATCAAAAAAAAAAAAAGAGACT TTAGAAGAGTAATATAAACAAATTGAAACATGAGTATATGTAGTTACTGACCTCTGATCTAGTTTATGCCATTATTATTITICITTTIAA 639
GTCTGTTTTAAAAGAATGACATATTTTTATATTTAATAGCAGTATTGATTTAAGTTTGAAAAAAATTTCTAT TT TATCT TTAATGAGATGAT TTATAATTACATAAGTATTTATATTATCTTAGACCATAAACTACGAAA 779
ATCTCTGTTTATTCTTAAAATTCCATTTACCATTAAGTACCTCCACATAAGAATTAAAAAAAGAGAGTATCTTTCAAATTATCTGATAATTCATAGAAGTTAAAAGATCCAATTGCTTAACTTATCTTTGATTATATTAA 919
ACACATGAAAAGTGTATCCTACGTATAATCTCTACGTTCAAAATTAAAGACAAATTTAAGATCTAGAATTGATGAACT CAAAATATCTCTATCTTATTATTATTATGTATATATACAACTTAATTTTTCGAAATGTTIGAT 1059

vV W P
GAATGTATGTTAAATCCTTTACAATAGTGCATTTTTAGATAATTCGATAAGAGTGTAACAATATTTTCAGAAAGTCGATAACTTITTTTICT TTTTITTTTTTGGATATGTGTATAG GIG TGG CCA 1185

P I N M K XK Y E T L 8 ¥ L » D L s D E @ L L 8 E I E Y L L K N G W V P
CCA ATT AAC ATG AAG AAG TAC GAG ACA CTC TCA TAC CIT CCT GAT TIG TCT GAC GAG CAA TIG CTT AGT GAA ATT GAG TAC CTT TTG AAA AAT GGA TGG GTT CCT 1290

¢ L E F E T E H G
TGC TIG GAA TTT GAG ACT GAG GTCAATATAATATTTACTTITGTTTTATCGAAAAATGATATATTTTTATATTTAGATACGATTTATATTTAACACTTCAATGTTTITITTATGTGTAG  CAC GGA 1415

F VvV Y R E N N K 58 P G Y Y D G R
TIT GTC TAC CGT GAG AAC AAC AAG TCA CCA GGA TAC TAT GAT GGA AG GTCAGTAGCGGATTCATAAGTTAAAGAATTCATTCATACTTTTTTTTAGTTAAATCGTAGGTATAGGTACGAGA 1536

ATCATGAAAATTAATATAAATATCATGTTTCGAACTCGTTTATTAAAAAAAAAAAACTCATAAAACATACTATGAACATCACTAGTCTGTATAAAAAGGGAAAAAAAAGAAGATAAATATACCCTTAGAATATCATAAGT 1676
GGTATGCAGATATCTTCGGTCATAGTTTTGGGACATTGGTACTTCTGCCGTCCAAAAACTAGAACGTTGATATATATGTTGTAGTTTTTGGACCGCAGAAGCATCAATGTCCCAAAAATATGATGAAAAATATCTGTATA 1816

Y W T M W X L P M F G C T
CTATTTACGATAGTTCGGATATATTTGTCCCTTTTTTCTAAGTTTTTATAAAGTTAAAAAGTTAAAATTTIGAATCCGCAG G TAC TGG ACC ATG TGG AAG TTG CCT' ATG TTIT GGG TGC ACT 1937

D A4 T g vV L A E V Q E A K K A Y P Q A W VvV R I I 6 F D N V R Q V ¢ C I
GAT GCA ACC CAA GIG TTG GCT GAG GTT CAA GAG GCT AAA AAG GCA TAC CCA CAA GCA TGG GIC AGA ATC ATT GGA TTC GAC AAT GIG CGT CAA GTG CAG TGT ATC 2042

s F I A Y K P E G Y
AGT TTC ATT GCC TAC AAG CCA GAA GGC TAC TAA GTT(TCATATTAGGAACAAAATTG ) TCTTTAGGGACACTTIGTTTTTAAATGCTACTTAGGTCTTITTTCTTTTTTGTCITAATTCCAACAAA 2166

CICTTTGTGTCTIGTACTATICGGTTTATGTTTTGGATTTATGAGTACCTAATTATATGATAATGATTTGGTGCTTTG TI TG TAAATTTIGATTCTIGTGG TTTATATGACTTTTIGTGTTTTATAACATCTTCAATCCT - 2306

Rbcs—-3A

TCTTGTOGCTTAATTAATATATCTAATTATTATTATAGCTCACCCACCCTCCACGCCCAAATT AATGTCATTAAGATGGAG TTATAATTCTACTTAATAGATTCGATAAAATTCTACTTTTGAAATGTGAACAAGGGCAT  -141
-
GATCCAATGGTTACAAATGGGTTGGTTAATTIGTGTCCGTTAGATGGGAAAGTTAAGTGAAACCTTATCATTATATATAGAGGGAGAGACTAG AAAGCAATAACCCTCT TGAGTTCAAGATAAGCACTTGGTTTTCAGCA -1

M A S S VvV M S S A A V A T R G N G A Q A S M V A P F T G L K 8 T A S F
ATG GCT TCT TCA GTA ATG TCC TCA GCA GCT GTT GCC ACC CGC GGC AAT GGT GCA CAA GCT AGC ATG GTT GCA CCC TTC ACT GGA CTC AAG TCC ACC GCT TCT TIC 105

PVSRKQNLDITSIASNGGRVSCVMQ
CCT GTT TCA AGG AAG CAA AAC CTT GAC ATT ACC TCC ATT GCT AGC AAC GGT GGA AGA GTC AGT TGC ATG CAG GTTIGIGTGTGTATATATATATACGTACAACAAAATTCATIGA 220

vV W P P I N M XK K Y E T L § Y L P D L 8 D E
CTATAATGTTATACTCGATTAGCTAATTTAACTATTTATAATTGTATAG  GTG TGG CCA CCA ATT AAC ATG AAG AAG TAC GAG ACT CTG TCG TAC CIT CCT GAT TIG TCC GAC GAG 335

Q L L $ E I E Y L L K N G W VvV P C L E F E T E
CAA TTG CTC AGC GAA ATT GAG TAC CTA TTG AAA AAT GGA TGG GTIT CCT TGC TIG GAA TTC GAG ACT GAG  GTCAACATCTATCTCCTCTGTTTTTAAAATTTACTAGCTAGTATGT 450

H 6 F VvV Y R E N H K 8§ P 6 ¥ Y D 6 R Y W T M W K
TGATATGTCGTGTTAACAGTGTTGTGGGATATCATGIGCAG CAC GGA TIT GIG TAC CGT GAG AAC CAT AAG TCA CCA GGA TAC TAC GAT GGC AGA TAC TGG ACC ATG TGG AAG 563



L P M F G C T D A T QQ V L A E VvV Q E A K K A Y P Q A WUV R I I G F D N
TIG CCC ATG TTC GGG TCC ACT GAT GCA ACC CAG GTC TTG GCT GAG GTG CAG GAG GCA AAG AAG GCT TAC CCA CAG GCA TGG GIC CGT ATC ATC GGA TTC GAC AAT 668
vV R Q Vv @Q ¢ I 8 F I A Y K P E G ¥
GTT CGT CAA GIG CAG TGC ATC AGT TTC ATC GCT TAC AAG CCC GAA GGA TAC TAA  (GTTCTAGAAAAACTAATTGC)CCTATGTTTATAGGGACAGTTTGTTIGAATTCTCCITIGGGTIT 786
TCCCTTGAGAAATTGTATTCATTTTCCCTTGTTTTCCATCTTT I TATTCOG TGTATGATTAAT TCGAATT TCAATCAAGTTTACAAGAACTATATTAATGATATTTGTTTCTTTACTAATCTCTTTCIGAAAAATIGCTT 926
AATTTGTGGTTTATTTATATAGCTAGTGAAGAAACCTTACCCAGAACACGAACCCAGGTTCCTGTAGTAAAGATACARACACT TAT TGAATTARAAACCTTCCT CACTCAAGGAAGGAAAAACCTTGTTTTATTAATICA 1066
AGAAATTGTCAAAGACACATACCTCTATGAGTTTTTTCATCAATTTTTTTTTCTTTTTTAAA CATGTCCTATTCATTAGTTTGGGAACTTTAAGATAAGGAGTGTGTAATT  ~141
[ st
TCAGAGGCTATTAATTTTGAAATGTCAAGAGCCACATAATCCAATGGTTATGGTTGCTCTTAG AAACCTTATCATCATTATATATACAAGGGGATACTAGAGACCAATTATTGTCAACA -1
M A S s I V S S A A V A T R G N G A Q A S M V A P F T 6 L K 8 T A § F
ATG GCT TCC TCT ATA GTT TCT TCA GCT GCT GIT GCC ACC CGC GGC AAT GGT GCA CAA GCT AGC ATG GTT GCA CCC TIC ACT GGA CTC AAG TCC ACT GCT TCT TIC 105
P Vv S R K Q N L D I T S I A S N G 6 & VvV s§ ¢c¥YM Q@
CCT GTT TCA AGG AAG CAA AAC CTT GAC ATT ACC TCC ATT GCT AGC AAC GGT GGA AGA GTC AGT TGC ATG CAG  GTTTGTGTGTGTATATATATATATGTACAACAAAATTCATIGA 220
v w P P I N M K K ¥ E T L 8 Y L P D L S D E
CTATAATGCTATACTCGATTAGCTAATTTAACTATTTATAATTGTATAG  GIG TGG CCA CCA ATT AAC ATG AAG AAG TAC GAG ACT CIG TCG TAC CTT CCT GAT TTG TCC GAC GAG 335
Q L L s E I £E ¥ L L K N G W V P ¢ L E F E T E
CAA TIG CIC AGC GAA ATT GAG TAC CTA TTG AAA AAT GGA TGG GIT CCT TGC TIG GAA TIC GAG ACT GAG GTTAACCTCTGTTTITAAAATTTATATATTAGCTAGTGICT 445
H ¢ F V Y R E N H K 8 P 6 Y Y D G R Y W T M W K
TGATATGTIGIGTTAATAGTGTTGIGGGATATCATGIGCAG ~ CAC GGA TIT GTG TAC CGT GAG AAC CAT AAG TCA CCA GGA TAC TAC GAT GGC AGA TAC TGG ACC ATG TGG AAG 558
L P M F € C T D A T Q V L A E V Q E A K K A Y P Q A WUV R I I G F D N
TIG CCC ATG TTT GGG TGC ACT GAT GCA ACC CAG GTC TIG GCT GAG GIG CAG GAG GCA AAG AAG GCT TAC CCT CAG GCA TGG GIC CGT ATC ATC GGA TTC GAC AAT 663
v R Q V @ ¢ I 8 F I A ¥ K P E G ¥
GTT CGT CAA GIG CAG TGC ATC AGT TTC ATC GCT TAC AAG CCC GAA GGA TAC TAA AATGCCAATTITTAA(TTATGTAATGTATAACTGAC ) CCTATGTATTTAGGGGAAGCTT 774
TCAGAAAGAAAAAGCAAAAGCAACAAAAAAATTGCAAGTATTTTTTAAAAAAGAAAAAAAAAACATATCTTGTTTGTCAGTATGGGAAGTTTGAGATAAGGACGAGTGAGGGCTAAAATTCAGTGGCCATTGATTTICTA 141
-
ATGCCAAGAACCACAAAATCCAATGGTTACCATTCCTGTAAGATGAGGTTIGCTAA ATAGGAAGCCTTATCACTATATATACAAGGCGTCCTAATAACCTCTIAGTAACCAATTATTTCAGCA -1
M A S S V M S S A A V A T R G N G A Q A S M V A P F T 6 L R S T A § F
ATG GCT TCT TCA GTA ATG TCC TCA GCA GCT GTT GCC ACC CGC GGC AAT GGT GCA CAA GCT AGC ATG GTT GCA CCC TTC ACT GGA CIC AAG TCC ACC GCT TCT TIC 105
P Vv S R K Q N L D I T s I A S N G 6 R v s c¥YM ¢
CCT GIT TCA AGG AAG CAA AAC CTT GAC ATT ACC TCC ATT GCT AGC AAC GGT GGA AGA GIC AGT TGC ATG CAC  GTTTGTCTGTGTATATATATATACGTACAACAAAATICATIGA 220
v w P P I N M K K Y E T L § Y L P D L S D E
CTATAATGTTATACTCGATTAGCTAATTTAACTATTTATAATTGTATAG GIG TGG CCA CCA ATT AAC ATG AAG AAG TAC GAG ACT CTG TOG TAC CTT CCT GAT TIG TCC GAC GAG 335
Q L L §8 E I E Y L L K N G W Vv 2 ¢ L E F E T E
CAA TTG CTC AGC GAA ATT GAG TAC CTA TTG AAA AAT GGA TGG GIT CCT TGC TTG GAA TTC GAG ACT GAG  GTCAACATCTATCICCICIGTTTTIAAAATTTACTAGCTAGTATGT 450
H ¢ F Vv Y R E N B K S P 6 Y ¥ D 6 R Y W T M W X
TGATATGTCGTGTTAACAGTGTTGTGGGATATCATGTGCAG CAC GGA TIT GIG TAC CGT GAG AAC CAT AAG TCA CCA GGA TAC TAC GAT GGC AGA TAC TGG ACC ATG TGG AAG 563
L P M F G C T D A T Q V L A E V Q E A K K A Y P AW VYV R I I G F D N
TTG CCC ATG TTC GGG TGC ACT GAT GCA ACC CAG GIC TTG GCT GAG GTG CAG GAG GCA AAG AAG GCT TAC CCA CAG GCA TGG GIC CGT ATC ATC GGA TTC GAC AAT 668
v R Q V Q ¢ I 8 F I A Y K P E € ¥
GTT CGT CAA GIG CAG TGC ATC AGT TIC ATC GCT TAC AAG CCC GAA GGA TAC TAA A(TGTGTATATGTCAACAGTGA)GAAACTGTTCGCATTTTCCGTTTTGCTICTTICITTCTATICAA 787
927

TGTATGTTGTTGGATTCCAGTTGAATTTATTATGAGAACTAATAATAATAGTAATAATCATTTG TTTCTTTACTAATTTGCAT TTTCACATATGATTTICTGGTGCATATCATAATTTTCATTCCACCAATATTAATTTCC
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Fig. 4. Nucleotide sequences of all five tomato rbcS genes. The non-coding strands including the protein coding and the flanking
regions are shown. The amino acid sequences deduced are indicated above the nucleotide sequences and a triangle indicates the putative
cleavage site of the transit peptide. Numbers are nucleotides relative to the 5-end of the protein coding region. Arrows indicate the
positions of the major transcription start sites. The conserved sequences including “TATA” and “CAAT” boxes, an enhancer-like
sequence identified by Fluhr et al. (1986a), the sequence 5-AAA/GCCTTATC, which is similar to a petunia sequence identified by
Dean et al. (1985), and the putative polyadenylation signals are underlined. The sequences in parentheses in the 3’ flanking regions

represent the sequences used as gene-specific probes for detection of rbeS mRNA

Genomic organization of the tomato rbcS genes

There were 15 positive clones isolated from a partial Sau3A
phage library, 9 of which contained different inserts. Of
these 9, phages 1, 6, 17 and 25 are shown in Fig. 2. Several
positive clones were obtained from libraries of size-fraction-
ated tomato nuclear DNA digested with HindIII. Two
clones, phage 12 and 23 were chosen for further analysis
(Fig. 2). The location and the orientation of the rbcS genes
in the insert of each clone were determined as described
in Materials and methods.

The 16.4 kb HindIII DNA fragment in phage 12 con-
tains a single rbcS gene, located on two EcoRI fragments
of 1.7kb and 13 kb. Phage 1 and 23 overlap each other
and encompass a 20 kb region of genomic DNA. Detailed
restriction enzyme analysis of the cloned fragments and
DNA sequence analysis reveal that only one rbcS gene is
located in this 20 kb region. The inserts in phage 6, 17 and
25 span a 28 kb region that contains three rbcS genes. The
three rbeS genes are located on 3.9 kb, 4.2 kb and 3.45 kb
HindlIl fragments and are organized in a tandem array
within a 10 kb region (Fig. 2).
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Tomato rbcS genes have been previously mapped to
three different loci, Rbes-1 (chromosome 2) Rbes-2 (chro-
mosome 3) and Rbcs-3 (chromosome 2) using genetic and
Southern blot analysis (Vallejos et al. 1986). The rbcS gene
on the 16.4 kb HindlIII insert of phage 12 corresponds to
Rbes-1, and the gene in phage 1 and phage 23 to Rbes-2.
The three tandemly arranged genes in phage 17 correspond
to Rbes-3. We have designated the locus 3 rbeS genes on
the 3.9 kb, the 4.2 kb and the 3.45 kb HindIIl fragments
as Rbcs-3A, Rbes-3B and Rbes-3C, respectively. All EcoRI,
EcoRV and HindlIIl fragments carrying the rbcS genes
(Fig. 2) correspond in size exactly to all fragments detected
in the genomic Southern analysis and additional fragments
could not be detected (data not shown). We therefore con-
clude that the tomato rbcS multigene family has a total
of five members.

Structure of the tomato rbcS genes

RbcS-gene-specific DNA fragments were subcloned and se-
quenced using the strategies shown in Fig. 3. Intron posi-
tions were assigned by computer analysis of open reading
frames and comparison with the sequence of the tomato
rbcS ¢cDNA 3-91 (Fig. 4). The Rbes-1 and the three Rbes-3
genes each have two introns, while the Rbes-2 gene has
three introns. Introns in Rbcs-1 and Rbes-3, as well as the
first two introns of Rbcs-2, are at identical positions. In
addition, the first and the third introns in Rbes-2, which
are 999 bp and 435 bp long, respectively, are significantly
longer than introns in the genes from loci 1 and 3. Both
introns in Rbes-1 and Rbes-3 genes are similar in size (95 bp
and 97 bp in Rbes-1, 92 bp and 87 bp in Rbes-34 and Rbes-
3C, 92 bp and 82 bp in Rbcs-3B; Fig. 4). The structure of
the Rbes-3 genes is highly conserved. The exon and intron
sequences of Rbcs-34 and Rbcs-3C are identical, and Rbes-
3B differs by eight nucleotides in the DNA sequence for
the transit polypeptide and by two nucleotides in the mature
protein. The exon sequences of the Rbes-1 gene differ by
13.3% from those of the Rbcs-3 genes, and by 14.0% from
those of Rbcs-2. Rbes-2 exons show a 10.4% divergence
relative to Rbes-34 and Rbes-3C, and a 10.2% divergence
relative to Rbes-3B. The intron sequences are less conserved
than the exon sequences between genes at the different loci.

Predicted structure of tomato rbcS proteins

The protein predicted from the DNA sequence of Rbcs-1
contains 181 amino acid residues, including a putative tran-
sit peptide of 58 residues. Putative transit peptides were de-
duced from the amino acid sequence of mature proteins
from several plants (Muller et al. 1983). Rbcs-2 and Rbes-3
genes code for precursor proteins of 180 residues, contain-
ing transit peptides of 57 residues and mature polypeptides
of 123 residues. The mature polypeptides encoded by the
three Rbcs-3 genes are identical. The transit peptides en-
coded by Rbes-34 and Rbes-3C, however, differ by two
amino acid residues from Rbcs-3B. The predicted primary
amino acid sequence of the mature proteins from Rbcs-1,
Rbes-2 and Rbes-3 genes differ by a few residues (Rbes-1/
Rbcs-2 three, Rbcs-1/Rbes-3 four and Rbes-2/Rbes-3 one
amino acid). Thus, the five tomato rbcS genes code for
four different precursors and three different mature poly-
peptides.

The 5" and 3’ flanking sequences of tomato rbeS genes

The 5" ends of the tomato rbcS mRNAs were determined
by S; nuclease mapping as described in Materials and meth-
ods. The 5" end of the Rbcs-1 mRNA is located approxi-
mately 75 nucleotides upstream from the ATG initiation
codon (Fig. 5). Multiple S,-protected fragments are most
likely the result of incomplete protection at the termini due
to the AT-rich sequence of the Rbcs-I non-translated
mRNA sequence. The 5 end of Rbcs-2 mRNA maps to
a T 28 nucleotides upstream from the ATG. The S, pro-
tected fragments of Rbcs-3A4, Rbes-3B and Rbes-3C are lo-
cated 39(A), 8(T) and 17(A) nucleotides 5 to the ATG,
respectively. Sequences STATATAAA (Rbcs-1 and Rbces-
2)yand TATATATA (Rbcs-3), which correspond to the cuk-
aryotic “TATA-box” (Breathnach and Chambon 1981),
are present 30-36 nucleotides upstream from the transcrip-
tion start sites. A sequence ATCCAATGGT is conserved
in the 5" region of Rbes-1 and all three Rbcs-3 genes (Fig. 4).
This sequence includes the “CAAT box” motif, which is
found 100-120 nucleotides upstream from transcriptional
start sites of other eukaryotic genes (Breathnach and Cham-
bon 1981). The sequence TCCAA, which is conserved for
all five rbcS genes, is present 120 nucleotides upstream from
the transcription start site of Rbcs-2. The 5 flanking se-
quences are moderately conserved between the Rbcs-3
genes, but are substantially different between the genes of
the three loci except for the TATA-like and CAAT-like
sequences, which are common to all rbcS genes in tomato.
In addition, sequences homologous to the viral and mam-
malian enhancer sequence GTGG/AT/AT/AT or TA/TA/
TA/CCAC (Gillies et al. 1983; Weiher et al. 1983) are lo-
cated in the 5 upstream region. Similar sequences have
been found upstream of rbcS genes in other higher plants
(Mazur and Chui 1985; Fluhr et al. 1986a).

The 3 flanking sequences immediately following the
translational stop codon TAA are less conserved between
members in the different loci and also between the genes
within locus 3. A sequence AATAAT, which resembles the
animal consensus sequence AATAAA present about 20 nu-
cleotides upstream from the polyadenylation site (Proud-
foot and Brownlee 1976), appears to be the most conserved
plant polyadenylation signal (Dean et al. 1986). Sequences
homologous to the polyadenylation signal consensus se-
quence are present 110-140 nucleotides downstream from
the TAA codon (Fig. 4).

Expression of each member of tomato rbcS genes in leaves

To compare the relative amounts of steady-state mRNA
for all five rbcS genes, total tomato leaf RNA was subjected
to Northern analysis using rbcS gene-specific probes. We
used 20-base oligonucleotides complementary to the 3’ non-
translated regions of the rbcS mRNAs and positioned with-
in 35 nucleotides downstream from the TAA stop codon
(see Fig. 4). The specificity of each probe was determined
by Southern hybridization to the genomic clone DNAs.
In every case, the probe hybridized specifically to its respec-
tive gene (data not shown). Specific radioactivity and hy-
bridization efficiency of the probes used in these experi-
ments were nearly identical (Sugita and Gruissem 1987).
All probes were well within the transcribed 3’ portions of
the genes and hybridized to a single RNA species of approx-
imately 0.8 kb (Fig. 6). Based on the Northern analysis and
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Fig. 5. Determination of the 5-ends of the tomato rbeS mRNAs (/-3¢) by S, nuclease mapping. The following coding-strand probes
were synthesized using the 5'-labeled coding region primers as described in Materials and methods: a 288 b Haelll-primer (RbcS-1,
+68 to —220), a 262 b Fokl-primer (Rbcs-2, +68 to —194), a 204 b Sau3A-primer (Rbcs34, +68 to —136), a 146 b Ddel-primer
(Rbes-3B, +68 to —78) and a 205 b Haelll-primer (Rbes-3C, +68 to —137). The single-stranded DNA probes were hybridized to
total tomato leaf RNA (20 pg). Arrows indicate positions of the major S;-protected fragments relative to the 5’-end (4 1) of the protein-
coding regions. The protected fragments around the ATG codon (34 and 3C) result from S, digestion of hybrids formed between
the respective probe and homologous regions of mRNAs from both genes. The sequence ladders of the coding strand (G, C, A and

T) are shown
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Fig. 6. Northern hybridization of the tomato rbeS gene-specific
probes to total tomato leaf RNA. Total leaf RNA (15 pg) was
fractionated on 1.2% agarose-formaldehyde gel, transferred to a
nylon filter and hybridized with 5’-end-labeled oligonucleotide
probes specific to the respective members of the rbeS gene family
(1-3¢). The gene-specific probes located in the 3’-flanking regions
are shown in Fig. 4

S| mapping we conclude, therefore, that all tomato rbcS
genes are expressed in tomato leaves. The Rbes-3C probe
showed the highest level of hybridization in leaves, followed
by a slightly lower level of mRNA hybridization to the
Rbcs-3B probe. The Rbes-2 mRNA level is approximately
half the level of that of Rbcs-3B. The levels of Rbes-1 and
Rbcs-3A4 transcripts are 4- to 5-fold lower than those of
Rbes-3B and Rbes-3C genes.

Discussion

Genomic Southern and detailed restriction map analysis
of the cloned DNA fragments containing the tomato rbcS
genes demonstrate that tomato has five members in the
rbeS multigene family. Previously published studies have
proposed that the Rbes-2 locus contains two genes, and
six rbeS genes were therefore postulated for the small sub-
unit protein in tomato (Pichersky et al. 1986; Vallejos et al.
1986). This discrepancy is most probably the result of the
unexpectedly long intron between the first two exons of
the Rbcs-2 gene. The number of rbeS genes is at least nine
in petunia (Dean et al. 1985; Tumer et al. 1986), five in
pea (Fluhr et al. 1986b), and ten in soybean (Berry-Lowe
ct al. 1982). Psecudogenes are evidently not present in the
tomato rbcS gene family. Our study is the first report to
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describe the genomic organization and structure of the en-
tire set of rbeS genes in tomato. DNA sequences for Rbcs-1,
Rbes-3A4 gene and a cDNA derived from Rbcs-2 gene have
been reported previously (Pichersky et al. 1986). In this
study, selection has been suggested as a mechanism to ex-
plain, at least in part, the highly conserved coding informa-
tion in the portion of the rbeS genes encoding the mature
polypeptides. It was also proposed that Rbcs-1 diverged
from the other tomato rbeS genes first, and that the Rbes-2
and Rbcs-3 loci split from each other only later. Since only
the Rbes-2 gene contains a third intron, it is possible, there-
fore, that this is the result of an insertion event. This hy-
pothesis is supported by the observation that no rbcS genes
in species other than Solanaceae, where three rbeS loci
seems to be the ancestral situation, have been found to
contain this third intron (Tanksley and Pichersky, to be
published). In contrast to the moderate nucleotide sequence
divergence (10%-14%) among tomato rbeS genes from the
three different loci, the three genes in the Rbcs-3 locus are
identical or nearly identical to each other at the nucleotide
level. Similar sequence conservation has been reported for
some members of the pea rbeS gene family (Timko et al.
1985; Fluhr et al. 1986b), which are tightly linked on a
unique chromosomal locus (Polans et al. 1985). Such a high
nucleotide homology could be explained by recent gene du-
plication or gene conversion events. However, unlike the
situation in the pea rbcS sequences, the strong homology
of the nucleotide sequences of the tomato Rbcs-3 genes
does not extend to the 5" or 3’ flanking regions. Thus, in
the tomato Rbcs-3 locus, gene conversion is a more likely
explanation for the following reasons: The nucleotide se-
quences of Rbcs-34 and Rbes-3C are identical throughout
the exon and intron sequences, but this homology begins
at the eighth nucleotide upstream from the first ATG codon
and terminates abruptly directly downstream from the TAA
stop codon. Proximal to these borders, the homology is
minimal except for short DNA sequence motifs, which are
conserved in the 5 regions of all five genes. A recent gene
duplication event cannot be excluded, but seems implausi-
ble, since it is unlikely that a duplication will selectively
involve the coding region. In the case of Rbcs-3B, the evi-
dence for gene conversion is even stronger because here
the 5" end of the homologous regions are within the genes,
approximately 30 nucleotides downstream from the first
ATG. This may indicate the position where the gene conver-
sion process terminated. Consequently, there are nine sub-
stitutions in the first 30 nucleotides relative to Rbcs-34 and
Rbes-3C, but only nine additional subsitutions in the rest
of the gene. Thus, our data strongly suggest the occurrence
of gene conversion within the Rbcs-3 locus, of which a Rbcs-
3A4/Rbes-3C conversion appears to be the most recent event.
In this case the nucleotide sequence homologies within this
locus cannot be interpreted as an indication of the time
of origin of the gene duplications which gave rise to each
of the three rbeS genes in the locus. Rbes-1 and Rbes-3A4
genes sequenced previously were derived from the tomato
line T6, and a cDNA clone for the Rbcs-2 gene was synthe-
sized from RNA of the VF36 cultivar (Pichersky et al.
1986). These and the corresponding rbeS genes from the
tomato cherry VENT line reported in this study are identi-
cal in their protein-coding regions, but differ by several
nucleotides in the intron and the flanking regions. This
indicates that significant sequence constraints operate for
the tomato rbcS protein-coding regions, but comparatively

rapid divergence may occur in non-coding regions between
different tomato lines.

S nuclease mapping and Northern analysis suggest that
all members of the tomato rbcS gene family are expressed
in tomato leaves. At the mRNA level, Rbcs-3B and Rbes-3C
appear to be most active; the other genes are expressed
at a significantly lower level. Relative amounts of mRNA
indicate a 4- to 5-fold difference among the members of
the different loci and also among the members of the same
locus. Different levels of expression of members in rbcS
gene families have previously been reported for petunia
(Dean etal. 1985; Tumer etal. 1986), pea (Fluhr et al.
1986b) and maize (Sheen and Bogorad 1986). A correlation
between the number of introns and the level of expression
of tbcS genes has been suggested in petunia (Dean et al.
1985). It is interesting to note that the tomato Rbes-2 gene
with three introns is not highly expressed in leaves. How-
ever, variations in intron number and length between to-
mato rbcS genes may not be responsible for their different
levels of expression. Messenger RNAs from Rbcs-3B and
Rbcs-3C, which are highly expressed in leaves, are undetect-
able in fruits or etiolated seedlings (Sugita and Gruissem
1987). In contrast, Rbcs-1, Rbcs-2, and Rbes-34 genes,
which are expressed at low levels in leaves, are highly ex-
pressed in other organs. Thus, each member of the tomato
rbeS gene family may be controlled differently in different
organs. In addition, there is a differential response to light
among the tomato rbcS genes within the same tissue (Sugita
and Gruissem 1987). Several studies have provided exam-
ples for organ-specific (Dean etal. 1985; Fluhr etal.
1986b), light-dependent (Tobin and Silverthorne 1985), or
chloroplast-coordinated expression of rbcS genes (Shino-
zaki et al. 1982). Sequences involved in the light-regulated
and/or organ-sepcific expression of rbeS genes have been
located in upstream regions of some rbcS genes (Morelli
etal. 1985; Fluhr et al. 1986a). Fluhr et al. (1986a) have
identified a sequence which is conserved among rbcS genes
and is contained within an upstream region involved in
light induction. This sequence is also present in the up-
stream regions of the tomato rbcS genes. Additionally, a
sequence conserved among the upstream regions of several
petunia rbeS genes (Dean et al. 1985) is found in the five
tomato rbeS genes. Whether these conserved sequences are
required for organ-specific and/or light-regulated expres-
sion is unclear.

The unique expression of the rbcS genes in various or-
gans, and during tomato fruit development and chromo-
plast differentiation, as well as the analysis of each member
of the rbcS gene family in transgenic tomato plants, will
allow us to study in detail the regulatory components re-
quired for the control of their expression.
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