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A number of chloroplast genomes have been sequenced and many more are
in the pipeline. We have investigated the information contained in completely
sequenced chloroplast genomes for the purpose of studying plant evolution
and the process of chloroplast genome migration to the nucleus (Martin et
al., 1998). In the course of our work, we have noticed that a very practical
limitation exists with regard to using sequenced chloroplast genomes for
phylogenetic (and related) purposes: one has to find out which proteins are
encoded on which genomes. This is much more tedious than it might seem at
first sight.

We have tabulated all of the protein-coding genes in sequenced chloroplast
genomes that we could identify using BLAST searches which are (i) encoded
in at least two sequenced chloroplast genomes or (ii) encoded in at least
one sequenced chloroplast genome and in the genorBgrechocystisp.
PCC6803 (Kaneko et al., 1996). We have updated the nomenclature set down
by Reardon and Price (1995) by expanding the list of hypothetical chloroplast
open reading framey¢f9 and assigning (tentative) gene namegdfswhen
similarity to prokaryotic sequences of known function seemed sufficiently
robust to justify it.

In the course of BLAST searches, we identified a number of nuclear-
encoded homologues of chloroplast-encoded proteins (Martin et al., 1998).

*Author for correspondence. e-mail: stoebe@uni-duesseldorf.de
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We did not search EST databases for this purpose, due to a large number
of apparently chloroplast-derived transcripts in the EST databases, a circum-
stance that made meaningful evaluation of the BLAST results currently im-
possible.

Table 1 summarizes the protein-coding gene content in the completely
sequenced chloroplast genomesZzefh mayqX86563; Maier et al., 1995),
Oryza sativa(X15901; Hiratsuka et al., 1989\icotiana tabacun{S54304;
Shinozaki et al., 1986; Z00044; Wakasugi et al., 19%8hus thunbergii
(D17510; Wakasugi et al., 1994)larchantia polymorph#X04465; Ohyama
et al., 1986)Euglena gracilis(Z11874; Hallick et al., 1993)Porphyra pur-
purea(U38804; Reith and Munholland, 199%)dontella sinensi$Z67753;
Kowallik et al., 1995)Chlorella vulgaris(AB001684; Wakasugi et al., 1997),
Epifagus virginiana(M81884; Wolfe et al., 1992)Plasmodium falciparum
(X95275 and X95276; Wilson et al., 1996) ariti/anophora paradoxa
(U30821; Stirewalt et al., 1995). The putative or known functions of the
encoded products are mostly taken from the designations in Kaneko et al.
(1996), in a few cases we have deviated slightly from those definitions. The
Table is largely self-explanatory.

We would be grateful for suggestions or corrections that should be intro-
duced in the next update of the Table.
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Table 1. Protein-coding genes in sequenced chloroplast genomes

ZONPMECOPCPES
eriiauhdoplpy
aycnr gl or aai n Probableorknown function, Comments

accA — — — — — — — — + — — — + Acetyl-CoA carboxylase SU

accB - - — — — — — — + — — — + Acetyl-CoA carboxylase biotin carrier SU

accD — — + + + — + — + — — + + Acetyl-CoA carboxylase carboxytransferase
B SU (ycfll, zfpA

acpP — — — — — — — + + 4+ — — + Acyl carrier protein

apcA — — — — — — — — + + — — + Allophycocyanina SU

apecB— — — — — — — — + + — — + Allophycocyaning SU

apcD— — — — — — — — + + — — + Allophycocyaniny SU

apcE — - — — — — — — + + — — + Phycobilisome core linker prot.
apcF - — — — — — — — + 4+ — — + Allophycocyanin 18 kD& SU
argB — — — — — — — — + — — — + Acetylglutamate kinase

atpA + ++++ + + + + + — — + ATP synthase Cfa SU
atpB + + + + + + + + + + — — + ATP synthase CFp SU
atpD — — — — — — — + + + — — 4+ ATP synthase CF3 SU
atpE + + + + + + + + + + — — + ATP synthase Cfe SU
atpF + 4+ + + 4+ + + + + + — — + ATP synthase CFSU |

atpG — — — — — — — + + + — — 4+ ATP synthase C§FSU Il

atpH + + + ++ + + + + + — — + ATP synthase C§SU I

atpl +++++ ++ + + — — — + ATP synthase C§SU IV

basl - - — — — — — + + — — — + Thiol-specific antioxidant proty¢f42

bioY — - — — — — — — — + — — 4+ CpaORF188,SynsIr1365 biotin synthase
carA — — — — — — — — + — — — + Carbamoyl phosphate synthetase small SU

o
=X
=3
x

|

|

|

|

|

|

|
_l’_
_l’_

|

|

|

|

Orthologues in red type Calvin cycle operons
of proteobacteriacfxQ, cbel
ccsA + ++ + + — + + + + — — + Heme attachment to plastid ay{ycf5

cemA+ + + + + — + — + — — — + Envelope membrane proydf10, hbp
chB — - - ++ — + — + + — — + Protochlorophyllide reductase ChIB SU
chll — ———— + + + + + — — + Protochlorophyllide reductase magnesium
chelatase SU
chh — - —++ — 4+ — 4+ + — — + Protochlorophyllide reductase
ATP-bind. SU {rxC)
chiN - — — + 4+ — + — 4+ + — — + Protochlorophyllide reductase ChIN SU
cpC — — — — — — — + + — + — + Clp protease ATRbind. SU
clpP + 4+ + + + — + — — + — + + Clp protease proteolytic SU
CPCA — — — — — — — — + + — — + Phycocyanire SU

cpeB————— — — — + + — — + Phycocyanirp SU
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Table 1. Continued

ZONPMECOPCPES
eriiauhdoplpy

aycnr gl or aai n Probableorknown function, Comments

cpcG — — — — — — — — + - -
CpeA — — — — — — — — + - -
cpeB — — — — — — — — + - -
et — — — — — — — — — + -
CysA - ———+ —4+————
cysT, ————+ —+—— — —
afr - - === - — - + - -
dnaB — — — — — — — ++ - -
dnaK — — — — — — — +++ -
dsbb — — — — — — — — + - -
fabH — — — — — — — — + - -
fox ————-—-—-—- + - -
ftB —— —— - — — — + - -
ftsH — — —— — — — ++ - -
fts W — — — — — — — — — + -
gmB - - — — — — — — + - -
gB - — - — — — — — +--
goEL — — — — — — — +++ -
goES — — — — — — — — — + -
hemA - - — — — — — — — + —
hisH - - - - - — — - — + -
I-Cwul — — — — — -+ -——-
ivB - - —-—-- + - -
vH @ — - — — — — — — + - -
inffA +++++-+-—-—-
nfB - - - — - — —— + - -
infc - ———-——- ——— +--
matK + ++++ ——— — — —
minD — — — — — -+ —-—-—--
mngE — — — — — -4 - - — =
mntA — - - — — — — — — + -
mtB — — — — — — — — — + -

Phycobilisome rod-core linker polypeptide
Phycoerythrinx SU

Phycoerythrirg SU

Geranylgeranyl pyrophosphate synthetase hom.
Probable transport protmbpX

Probable transport protmbpY)

Synsll0698 drug sensory prot. A¢f26
DNA-replication helicase SU

Hsp70-type chaperone

Por ORF240,Synthiol:disulfide interchange
prot. DsbD sll0621

B-ketoacyl-acyl carrier prot. synthase Ill

Por ORF75aSynssr3184, 2[4Fe4S] ferredoxin
Ferredoxin-thioredoxin reductasg SU

Cell division prot., ATPase, proteasgc{29
Putative cell/organelle division prot.

Nitrogen regulatory prot. Pl

Glutamate synthase (GOGAT)

Chaperonin, 60 kDa

Chaperonin, 10 kDa

5-Aminolevulinic acid synthase
Histidinol-phosphate aminotransferase

Intron encoded DNA endonuclease, similar to
Chlamydomonas reinhardtii I-Cr€P05725)
Acetohydroxyacid synthase large SU
Acetohydroxyacid synthase small SU
Translational initiation factor 1

Translational initiation factor 2

Translational initiation factor 3

Probable intron maturasgdfl4

Septum-site determining prot.

22% identity toE. coli minE no hom. in

Synor cpDNA, tentative designation
CpaORF244, manganese transport system
ATP-bind. prot.

CpaORF299, manganese transport system
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Table 1. Continued

ZONPMECOPCPES
eriiauhdoplpy
aycnr gl or aai n Probableorknownfunction, Comments

membrane prot.

moeB— - - — — — — — + — — —+ Por ORF382, molybdopterin biosynthesis

prot., Synsll1536
nadA - - — — — — — — — + — — 4+ Quinolinate synthase
nblIA — — — — — — — — + — — —+ Phycobilisome degradation proycf18
ndhA+++—+ — —— — — — — + NADH-plastoquinone oxidoreductase SU 1
ndhB+++4+ -4+ -——-————— + NADH-plastoquinone oxidoreductase SU 2
ndhC+++—-4+—-——————— + NADH-plastoquinone oxidoreductase SU 3
ndhD4++4++4+ -4+ - —————— + NADH-plastoquinone oxidoreductase SU 4
ndhE +++ —+ — — — — — — — + NADH-plastoquinone oxidoreductase SU 4L
ndhF + ++ -4+ ——— — — — — + NADH-plastoquinone oxidoreductase SU 5
ndhG+++ -+ —-——————— + NADH-plastoquinone oxidoreductase SU 6
ndhH+++ -4+ ——————— + NADH-plastoquinone oxidoreductase 49 kDa SU
ndhl +++ -+ —-——————— + NADH-plastoquinone oxidoreductase SU |
ndhd +++ -+ - —————— + NADH-plastoquinone oxidoreductase SU J
ndhK+++ -4 —-——————— + NADH-ubiquinone oxidoreductase SU IKgbG
ntcA — — — — — — — — + — — — 4 Global nitrogen transcriptional regulatorcf28
odpA — — — — — — — — + — — —+ Pyruvate dehydrogenase E1 component, A SU
odpB — — — — — — — — + — — — 4+ Pyruvate dehydrogenase E1 component, B SU
pbsA - — — — — — — — + — — —+ Heme oxygenase

petA +++++ —++ ++ — —+ Apocytochrome
petB +++ ++ +++++ — —+ Cytochromebg/f apoprotein
petD +++++ —++++ — —+ Cytochromebg/f complex SU IV

petF — — — —— — — +++ — —+ Ferredoxin

petG +++++ +++++ — —+ Cytochromebg/f complex SU V

pet] ————— — — — + — — — 4+ Cytochromersss

petl + + + + 4+ — + 4+ + + — — (+) Synsll1845, cythg/f complex SU VI §cf7)3
petM — — — — — — — + + + — — + Cytochromebg/f complex SU VII §cf3])
pgmA— — — — — — — — + — — —+ Phosphoglycerate mutdse

preA — — — — — — — — + 4+ — —+ Prenyl transferase, relatedddE

psaA +++ ++ +++++ — —+ PSIP700 apoprotein Al

psaB +++++ +++++ — —+ PSIP700 apoprotein A2

psaC+ ++ ++ + + + ++ — — + PSliron-sulphur center FA/FB containing SU VII
psaD — — — — — — — ++ — — —+ PSlferredoxin-bind. prot. SU II

psaE — — — — — — — +++—-—+ PSISUIV, 18-20 kDa

psaF — — — — — — — + 4+ + — —+ PSISU I, plastocyanin-bind.
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Table 1. Continued

ZONPMECOPCPES
eriiauhdopl py
aycnrgloraain

Probable or known function, Comments

psal +++++—-++++—-—+
psaJ ++++++++++—-—+
psaK — — — — — — — — +—-—=—+
psal — — — — — — — ++-=—+
psaM — - -+ + +++++ - — +

PSOA + ++++ +++++——+
psbB + ++++ +++++ - —+
psbC + ++++ +++++——+
psbD + + +++ +++++ — — +
PSE + ++++ +++++——+
psbF + ++++ +++++—- -+
psbH + + +++ +++++ — — +
psbl ++++++++++—-—+
pshbl + +++++++++—-—+
PSbK + ++++ +++++——+
psbL +++++ +++++——+
pPSOM+ + + ++ —+ — —+ — —+
psbN + + + ++ + + +++ — — +
psbT +++++ +++++——+

psbV — — — — — — — +++-=+
psbw
psbX — — — — — — — +++-—-+

belg+++++ ++—-—+—-—+

PSISU VI

PSISU IX

PSI SU X

PSI SU XI, reaction center
PSI M-polypeptide

PSII D1 reaction center prot.
PSII CP47 chlorophyll apoprotein
PSII CP43 chlorophyll apoprotein
PSII D2 reaction center prot.
PSII cytochromessg a SU
PSII cytochromeéssg p SU
PSII 10 kDa phosphoprotein
PSII | polypeptide

PSII J protein

PSII K protein

PSII L protein

PSII M protein

PSII N protein

PSII T protein ycf8)

PSII cytochromessg (petK)
Gene nomenclature problem:
seeycf79and footnoté

PSII X 4.1 kDa protein
Rubisco large SU, green type

rbelr — — — — — — — + 4+ — — — (+) Rubisco large SU, red type

rbcR — — — — — — — + 4+ + — — 4+ Synsll0998 LysR family of transcriptional
regulators ycf30®

rbcSg— - - - - — — — — + — — 4+ Rubisco small SU, green type

rbeSr — - — — — — — + 4+ — — — (+) Rubisco small SU, red type

rdpO — — — — — + - == (+) EugORF506 S34497Scenedesmus obliquRg
rdpO S05341 Calothrix PCC7601 S40013

me —-——-—-—-—-—-—-— + — — — 4+ RNA component of RNAseE, RNA processing

mL - —— + + 4+ — — + Ribosomal protein L1

m2 +++++++++++++ Ribosomal protein L2

m3 - ————- - - + + 4+ — — + Ribosomal protein L3

m4 - ——-——- —— + + — + — + Ribosomal protein L4

Ribosomal protein L5
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Table 1. Continued

ZONPMECOPCPES
eriiauhdopl py
aycnr gl or aai n Probableorknown function, Comments

me - —-—-—-—-—-— + + 4+ + — + Ribosomal protein L6
mo - - —-—— + — — — + Ribosomal protein L9
mil - - - - - —— + 4+ 4+ — — + Ribosomal protein L11
pll2 — — — — — 4+ + + + 4+ — — + Ribosomal protein L12
mi3 - - - - - —— + 4+ — — — + Ribosomal protein L13

plld +++ + + ++ + + + + — + Ribosomal protein L14
rpll6 ++ + + + + + + + + + + + Ribosomal protein L16

pll8 — — — — — — — + + + — — + Ribosomal protein L18
pl9 — - - — — — + + + + — — + Ribosomal protein L19
rpl20 + + + 4+ + + + 4+ + + — + + Ribosomal protein L20
rpl2l — - - -+ — — 4+ + + — — + Ribosomal protein L21

pl22 + + + + + + — + + + — — + Ribosomal protein L22
mpl23 +++ + + + + + + — + — + Ribosomal protein L23

m24 — — — — — — — + + — — — + Ribosomal protein L24
m27 — — - - - — — + + — — — + Ribosomal protein L27
m28 — — - — - — — - + + — — + Ribosomal protein L28
m29 — — — — — — — + + — — — + Ribosomal protein L29
m3l — - —— - — - + 4+ — — — + Ribosomal protein L31
pI32 + + ++ + + ++ + — — — + Ribosomal protein L32
33 ++++ + — — + + + — + + Ribosomal protein L33
m34 - - —— - —— + + + — — + Ribosomal protein L34
m3s - — - — - — = + 4+ 4+ — — + Ribosomal protein L35

rpl36 + + + + + + + + + + + + + Ribosomal protein L36
rpoA + + 4+ ++ — + + 4+ + — — + RNA polymerasex SU
rpoB + + + + + + + + + + + — + RNA polymerased SU
rpoCl+ + + + + + + + + + + — + RNA polymeraset’ SU
rpoC2+ + + + 4+ + + + + + + — + RNA polymerases” SUB
psl — — — — — — — — + — — — + Ribosomal protein S1
rps2 ++ + ++ + + + + + + + + Ribosomal protein S2
rps3 + + + + + + + + + + + + + Ribosomal protein S3
rps4 ++ + ++ + + + + + + + + Ribosomal protein S4
s — — — — — — — + 4+ 4+ + — + Ribosomal protein S5
ps6 — — — — — — — + 4+ 4+ — — + Ribosomal protein S6
rps7 ++ +++ ++ + + + + + + Ribosomal protein S7
rps8 ++ + ++ + + + + + + + + Ribosomal protein S8
ms9 — — — — — + 4+ + + + — — + Ribosomal protein S9
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Table 1. Continued

ZONPMECOPCPES
eriiauhdoplpy

aycnr gl or aai n Probableorknown function, Comments

psll+++++++++++++
pSl2+ + + 4+ + ++++++++

psld++++++++++—-++

Ribosomal protein S10
Ribosomal protein S11
Ribosomal protein S12
Ribosomal protein S13
Ribosomal protein S14

rpsi5+++4+4+ ———— — — — + Ribosomal protein S15
rpsl6+ ++ - - — — 4+ + + — — + Ribosomal protein S16
rpsl?7— — — — — — — + + + + — 4+ Ribosomal protein S17

psi8+++++ +++++—-++
PS94+ +++ +++++++ +

Ribosomal protein S18
Ribosomal protein S19

ps20— - — — — — — + + 4+ — — + Ribosomal protein S20

seCA — — — — — — — + + — — — + Preprotein-translocase SU A

secY — — — — — — — + + 4+ — — + Preprotein-translocase SU Y

sylB — — — — — — — — + — — — + Phenylalanine tRNA synthetase
syh ————— ——— + — — — + Histidine tRNA synthetase

thiG — — — — — — — + 4+ — — — + ThiG protein, thiamine biosynthesis

trpA — — — — — — — — + — — — + Tryptophane synthaseSU

ttpG — — — — — — — — + + — — + Anthranilate synthase component Il,
glutamine amidotransferase

XA — — — — — — — — + — — — 4+ Thioredoxin

tsf — — — — — — — — + — — — + Translational elongation factor Ts

tufA — — — — — ++ 4+ + + + — + Translational elongation factor Tu

upp — — — — — — — — + — — — + Por ORF198, uracil
phosphoribosyltransferase sll1035

yefl — — 4+ 4+ — — — — — — + — *see alsgcf7?

yef2 — —4+4+4+ — — — — — — + — * sim. FtsH-like proteins,
see alsgcf780

yef3 +++++ —+4+++ - —+ Synslr0823

yefd +++++ +++++— —+ Synsllo226

ycf6 +++++ — — 4+ + 4+ — — 4+ Synsml0004

yef9 +++++ +++++— —+ Synsll1281

ycfl2 — — — 4+ 4+ + + 4+ 4+ + — — + SynsllO047

ycfl3 — — — — — +-—-——-—-- (+) AnabaendJ13767 intron-encoded ORF
(Baueret al,, 1997), inAstasiaP14761

yefI5+ -+ - — - — — — — — — — * ZeaORF99

ycflp— — — — — — — + 4+ + — — 4+ SynsIr0075 abc-transporter
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ZONPMECOPCPES
iauhdopl py

er i

aycnr gl or aai n Probableorknown function, Comments

yefl7— — — — — — — — + + —
ycfl9— — — — — — — — + - -
ycf20— - — — — — — — + - -
yef2l—m — — — — — — — ++ -
yef22 — — — — — — — — + - -
yef23— — — — — — — — ++ -
yef2d— — — — — — — ++++
yef2?l— — — — — — — — ++ -
yef29— — — — — — — — ++ -
ycf32— — — — — — — +++ -
yef33— — — — — — — +++ -
ycef34 — — — — — — — — ++ -
ycf35— — — — — — — +++ -
ycf36— — — — — — — — ++ -
yef37— — — — — — — — ++ -
ycf38— — — — — — — — ++ -
ycf39— — — — — — — +++ -
ycfd0— — — — — — — ++ - -
ycfdl— — — — — — — ++ - -
ycfd3 — — — — — — — ++ - -
ycf44 — — — — — — — ++ - -
ycf4d5 — — — — — — — ++ - -
ycf46— — — — — — — ++ - -
ycf47 — — — — — — — ++ - —
yefd8 — — — — — — — — — + -
ycfd9— — — — — — — — — + -
yef50— — — — — — — — — + -
yef5l— — — — — — — — — + -
yef52 — — — — — — — — + - -
ycf53 — — — — — — — — + - -
yef54 — — — — — — — — + - -
ycf55 — — — — — — — — + - -

Synssl1633, sIr0839, ssr2595, ssl2542, ssr1789

ELIP superfamily (Grimrret al,, 1989)
Synssr2142

Synsll1509

Synsll1797

Synsll0751, sli1002

Synslr2032

Synslr0074 abc-transporter
Synslr0115, slr0947 regulatory component of
sensory transduction system
SynslIr1783 regulatory component of sensory
transduction system
Synsml0007

Synss|1417

Synssrl425

Synsll0661

Synsll0584

Synsir0171

Synsll0760

Synsll1218, slr0399

Synssr0102

Synsir1034

Synsll0194

SynslIr2087

SynsIr0692

SynslIr0480, slr0374 sim. SU 4 of
26S proteasonté

Synssr3307
CpaORF333,SynsIr2034
CpaORF102,Synsll0608
CpaORF108,SynsIr2073
CpaORF163,Synslli1702

Por ORF174,Synsll0286

Por ORF238,Synsll0558

Por ORF108,SynsIr1780

Por ORF320,Synsll1879
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Table 1. Continued

ZONPMECOPCPES
eriiauhdoplpy
aycnr gl or aai n Probableorknown function, Comments

ycefs6— — — — — — — — + — — — + Por ORF263aSynsIr0050

yef57 — — — — — — — — + — — — + Por ORF114,SynsIr1417 sim. prot. imifU region

ycef68 — — — — — — — — + — — — + Por ORF149,Synechococcug!95288,Syns|r2049

yef59— — — — — — — — + — — — + Por ORF349,Synsll1214 leucine zipper protein

ycf60— — — — — — — — + — — — + Por ORF203,Synsll1737

ycf6l— — — — — — — — + — — — + Por ORF75b,Synss|2982, hom. ifGuillardia
thetacpDNA (S. Douglas, pers. commun.)

ycfe2— — — — — — — — + — — — + Por ORF327,SynsIr1278

ycf63— — — — — — — — + — — — + Por ORF263b,Synslr1045

yefed— — — — — — — — + — — — + Por ORF107,Synslr1846-2

ycf65— — — — — — — — + — — — + Por ORF99,Synechococcud62737,SynsIr0923,

hom. inGuillardia thetacpDNA
(S. Douglas, pers. commun.)

ycf66— — — — + — — + — — — — + OdoORF99,SynsIr0503,Mar ORF135 A05009

ycf67 — — — — — +-—-—-—==-—-- * EugORF161 P48337,
Astasia longaORF170 P34778

ycfé8+ + — + - - — — — — — — — * ORF intrnl intron Pin ORF75a P52807,
ZeaORF134 P03938)ry ORF133b P12173

yefeQ+ + + - - — — — — — — — — * Nic ORF131 A05210Qry ORF72 JQ0277,
ZeaORF58 S58628

yeffl0+ + — - - - - — — — — — — * Ory ORF91 JQ020% eaORF69 S58539

yeffll4+ + — - — — — — — — — — — * Ory ORF82 JQ0268&eaORF75 S58641

yef7l2+ 4+ — - — — — — — — — — — * Ory ORF137 JQ026% eaORF137 S58640

yef7l3+ 4+ — - — — — — — — — — — * Ory ORF249 JQ0274eaORF173 S58632

yeffd+ + — — — — — — — — — — — * ORF intrnA intron Ory ORF109 JQ0280,
ZeaORF49 S58608

yef?5+ + — - — — — — — — — — — * Ory ORF63a JQ028%eaORF63 S58623

yef?6+ 4+ — — — — — — — — — — — * Ory ORF85b JQ027&eaORF85 S58627

ycf77— — — — — e Chl ORF1720, in positions 9501150 residual
similarity to ycf46andSyn fth3P73437

ycf78— — — — — e * Chl ORF819, hom. ifChlamydomonas
reinhardtii cpDNA X927260

ycf79— — — — — — — + + 4+ — — + Synsll1398, annotated as 13 kDa protein in =]

yef80— — — — — — — — + — — — — Por ORF450, hom. irGuillardia thetacpDNA

(S. Douglas, pers. commun.)
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Plus and minus signs indicate presence and absence, respectively, of the gene in
the given chloroplast genome. A plus sign in parenthesesiridicates that the

gene is not found irBLAST searches in th&ynechocystigenome, but was scored

for specific reasons as being cyanobacterial in origin and present in the ancestral
plastid genome. Synonyms are indicated in parentheses, except in the case of ORF
designations. Accession numbers refer to PIR, GenBank, or SwissProt data bases.
Reading frames designated as pseudogenEgifagus(Wolfe et al., 1992) and black

pine cpDNA (Wakasugi et al., 1994) were scored as absent here. The last revision of
ycf nomenclature ended witef47 (Reardon and Price, 1995).

* No similarity to prokaryotic genes was detecte®imsT searches.

1 cbbX is located in proteobacteriatbb operons ibcLr-rbcSrcbbX), not to be
confused withrbcX in cyanobacteriatbb operons iocLg-rbeX-rbcSg Li and Tabita,
1997).

2 CyanophoracpDNA encodes two distinctlpP genes that are 36% identical,
wherebySynechocystialso possesses two distindpP genes that are however 74%
identical.

3 petL, a 31 amino acid long component of the cytochrdwgé complex, is too short

to detect itsSynechocystisomologue (gi1653694) among the highBsiST scores,

but it was counted as being of cyanobacterial origin.

4 pgmAhas related but paralogous nuclear homologues for cytosolic phosphoglycerate
mutase in many higher plants (elgjc P35494).

5 There is a severe problem withsbW nomenclature. The gene designated in
previous studies of chloroplast genomes (including Martin et al., 1998)sh8v
shares no similarity with the nuclear-encoded gene for the psbW protein functionally
characterized from spinach chloroplasts (Lorkovic et al., 1995). The spinach gene
designation has priority. The chloroplast-encoded protein previously designated as
PsbW is similar tdSynechocystisli1398 (GenBank 1651690), annotated as a 13 kDa
PSII protein. Since a function for the chloroplast gene previously describpghbd

has not been reported, we designate it herngcf&

6 Closely related to the Calvin cycle transcriptional regulaioisR(Qian and Tabita,
1996).

7 Chloroplastrpl12 has in some cases also been designateplas

8 rpoC2 is sometimes also designated raeD in cpDNA, but the gene designated
rpoD in Synis a sigma factor, the designatiopoC2 for the chloroplast gene is less
ambiguous and hence preferable.

9 We found no significant similarity between cpDNA genes previously designated
asycfl (Reardon and Price, 1995) and the gene tentatively designatgzflas the
Chlorellagenome (Wakasugi et al., 1997), that is hence designatgti &shere.

10 we found no significant similarity between cpDNA genes previously designated
asycf2 (Reardon and Price, 1995) and the gene tentatively designatgdis the
Chlorellagenome (Wakasugi et al., 1997), that is hence designatgcfZ8here.

1 ycf46 has a related but paralogous nuclear homologu®riyn D17789 (Suzuka
etal., 1994).

12 ycf64 has similarity to glutaredoxin-like proteins, nuclear homologues are found
in yeast andPlasmodiuma distant homologue is nuclear Arabidopsis(€327479 in
Z97339).
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