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Proposals for the Naming of Chloroplast Genes.
II. Update to the Nomenclature of Genes for
Thylakoid Membrane Polypeptides
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Abstract: The nomenclature for genes for components of the photosynthetic
membranes hasbeenreviewed and updated. Newly discovered genes havebeen
added to the existing convention for gene nomenclature. Genes designated petA
through pet] are described for components of the photosynthetic electron trans-
port systems, psaA through psaK for photosystem I components, and psbA
through psbR for photosystem II, including the extrinsic polypeptides of the
oxygen-evolvingcomplex. References for representativeexamples of each gene
are given.

for naming both chloroplast genesand nuclear genes for chloroplast

proteins, with an emphasis on chloroplast and nuclear genes for
components of the thylakoid membranes. Specificgene names were rec-
ommended for loci that were known at the ime. During the ensuing
years, this nomenclature proposal has been almost universally adopted
among chloroplast molecular biologists. It has been equally useful in
naming cyanobacterial genes with higher plant counterparts. These
guidelines have also been cited as a model for a recently proposed
Mitochondrial Gene Nomenclature (Lonsdale and Leaver, 1988).

I n 1983, Hallickand Bottomley proposed a series of general principles

Abbreviations: ctDNA, chloroplast DNA; nucDNA, nuclear DNA.
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Since 1983, a number of new genes for chloroplast proteins have been
characterized. A workshop on gene nomenclature was held in Stock-
holmduring the August, 1989 meeting of the VIIIth International Congress
on Photosynthesis. The purpose was to update the nomenclature of genes
for components of the photosynthetic membranes. In thisarticle I'shall
report on the recommendations from this workshop.

General Principles

In the original proposal for chloroplast gene nomenclature, some
general principles were articulated. It is worthwhile to restate and
expand on those concepts most relevant to thylakoid protein genes.

¢ Genes should be named.

* The gene name should contain the maximum information about
the gene product to allow ease of identification. Asa corollary to
this principle, the same gene from different sources should always
have the same name.

¢ Thename fora gene product should not be identical to the name for
the corresponding gene. DNA should not be given a polypeptide
name, and polypeptides should not be given a DNA name. Some
investigators, however, have found it useful to use gene names as
aguidetoidentify newly characterized photosystem polypeptides;
e.g., the productof the chloroplast psbl locushasbeenreferred toas
the “PSII - I polypeptide.”

* The gene name should consist of two parts. The first part, a three-
letter code in lower-case, letters are used to designate the group to
which the gene product belongs. The second part, one or more
capitalized letters or numbers, are used todesignate specific genes.
The gene name is italicized.

¢ Groupsofgenes thatarerelated in coding function should have the
same three-letter code. In this system, “psa” is used for genes that
are components of photosystem I, “psbh” for components of photo-
system II, “pet” for polypeptides involved in photosynthetic elec-
tron transport, and “atp” for components of ATP synthase. For
groups of polypeptides genes, the capitalized letters or numbers
used to designate specific genes within a group do not necessarily
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carry any connotationabout polypeptide MW hierarchy or relative
gel electrophoretic mobility.

Although the principles of gene nomenclature were originally
designed for chloroplast DN A-encoded chloroplast protein genes,
in some cases there are obvious extrapolations to nuclear genes,
e.g., those coding for thylakoid polypeptides. Some nuclear gene
names were proposed by Hallick and Bottomley (1983), including
atpC and atpD for ATP synthase ¥ and 8-subunit genes, and petE
and petF for plastocyanin and ferredoxin genes, respectively. This
concept has been extended to nuclear genes for PSI and PSII

polypeptides.
Photosynthetic Electron Transport

When the convention for gene nomenclature was first proposed in
1983, the gene names petA, petB, petC, petD, petE and petF were reserved
for chloroplast- and nuclear-encoded components of the photosynthetic
electron transport system (excluding PSI and PSII) as shown in Table 1.
A conserved locus (orf37) has been recently identified as the gene for a
subunit V of low-molecular-mass of the cytochrome b,-f complex (Haley
and Bogorad, 1989). The name petE was suggested for this locus, but
since this is in conflict with the previous assignment of petE for plastocy-
anin, itisrecommended that the subunit V gene be designated petG. The
names petH and petl are recommended for the genes for ferredoxin-
NADP+ reductase and flavodoxin, respectively.

Table I. Genes for Photosynthetic Electron Transport Components

Gene Locus Gene Product

petA ctDNA cytochrome f

petB ctDNA cytochrome b,

petC nucDNA Rieske Fe-S polypeptide, subunit I1I
petD ctDNA subunit IV

petE nucDNA plastocyanin

petF nucDNA ferredoxin

petG ctDNA “orf37” gene product, subunit V
petH nucDNA ferredoxin-NADPH reductase (FNR)

petl nucDNA flavodoxin
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Table II. Genes for Photosystem I Polypeptides.

Gene Locus Gene Product

psaA ctDNA P700 apoprotein, subunit Ia
psaB ctDNA P700 apoprotein, subunit Ib
psaC ctDNA 9-kDa Fe-S polypeptide

psaD nucDNA ferredoxin-binding, subunit II
psaE nucDNA 18-20 kDa subunit IV

psaF nucDNA plastocyanin-binding subunit Il
psaG nucDNA 14-16 kDa subunit V

psaH nucDNA 10-12 kDa subunit VI

psal ctDNA PSI - I polypeptide

psaJ ctDNA PSI - ] polypeptide

psaK nucDNA PSI- K polypeptide (“P37")

Photosystem 1

There are at least five subunits of photosystem I encoded by chloro-
plast DNA (Table II). The psaA and psaB genes encode the large, P700
chlorophyll apoproteins. psaC, which has also been known as frxA
(Kohchi et al, 1988), is the gene for the PSl iron-sulfur apoprotein. Two
newly identified chloroplast genes for PSI polypeptides of low-molecu-
lar mass are psal and psa]. The barley psal-gene productand chloroplast-
localized psal gene have been described (Maller et al., 1989). The psal of
liverwort chloroplast DNA is orf36b (Fukuzawa et al., 1988). psal of rice
chloroplast DNA is orf36 located between orf106 and orf 185 (Hiratsuka
etal., 1989). psa] is orf42b of liverwort chloroplast DN A and orf44 of rice
chloroplast DNA, located between trnP and rpl33.

Photosystem II

There are several new genes for low-molecular-mass components of
photosystem II encoded by chloroplast DNA (Table III). psbI and psbK
have recently been identified as genes for small polypeptides of photo-
system II. They are located in the order psbK-psbl on the liverwort,
tobacco, and rice chloroplast genomes between trnS and trn(Q), on the
opposite strand from the tRNA genes. psbK has also been called hcA
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Table II1. Genes for Photosystem II Polypeptides.

Gene Locus Gene Product

psbA ctDNA D, -reaction center polypeptide
psbB ctDNA “CP47” chlorophyll apoprotein
psbC ctDNA “CP43” chlorophyllapoprotein
psbD ctDNA D,-reaction center polypeptide
psbE ctDNA cytochrome b, a-subunit
psbF ctDNA cytochrome b, B-subunit
psbH ctDNA 10-kDa phosphoprotein

psbl ctDNA 4.8-kDal-polypeptide

psb] ctDNA reserved; see comments

psbK ctDNA 3.9-kDaK-polypeptide

psbL ctDNA PSII - L polypeptide

psbM ctDNA PSII -M polypeptide

psbN ctDNA PSII - N polypeptide

psbO nucDNA 33-kDa polypeptide of O.E.C.!
psbP nucDNA 23-kDa polypeptide of O.E.C.
psbQ nucDNA 16-kDa polypeptide of O.E.C.
psbR nucDNA 10-kDa polypeptide

'0.E.C. = oxygen-evolving complex

(Fukuzawa et al., 1988). psbl was designated orf36a (Fukuzawa et al.,
1988). psbL is orf38 of liverwort, tobacco, Euglena and rice chloroplast
DNAs, located immediately downstream of psbF. Distal to psbL is a
conserved orf40 (orf42 of Euglena) that is co-transcribed with psbE-psbF-
psbL. Anorf40 gene producthasnot yetbeenidentified asa photosystem
IT component, but since some investigators have already used “psb]” to
describe this gene, the name “psb]” will be reserved for this locus, to be
used if and when an orf40 gene product in photosystem I is identified.
psbM is orf34 of liverwort, tobacco, and rice chloroplast DN As, located
one to two kb upstream of rpoB. psbN is orf43 of liverwort, tobacco, and
rice chloroplast DNAs, located between psbB and psbH, on the opposite
DNA strand. The gene designation “psbG” has been left out of the
compilation of genes for components for photosystem II. To avoid
confusion, “psbG” will not be used for any other PSII component. When
the function of the “psbG” gene product is defined, it might be desirable
to rename this locus.

Photosystem II contains an extrinsic water-oxidizing complex, situ-
ated on the lumen side of the thylakoid membranes. Itis composed of
three nuclear DNA-encoded polypeptides of 33-, 23-, and 16-kDa, and
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other smaller polypeptides. There hasbeen no consistency in nomencla-
ture for the genes encoding these polypeptides. Genes names that have
been variously used began with “wox”, “oee”, “oec”, or no name atall. To
avoid further confusion and the proliferation of different names for the
same gene, itis proposed thatall of these genes berecognized and named
as photosystem Il components. The recommended names for the genes
for the 33-, 23-, and 16-kDa polypeptides are therefore psbO, psbP, and
psbQ, respectively. Note that the “O” of psbQ is a useful mnemonic for
“oxygen.” psbR is recommended for the nuclear DNA-encoded gene for
the 10.2-kDa PSII polypeptide.

Central Registrar

In order to avoid duplication of nomenclature and maintain consis-
tency with this proposal, those wishing to publish new gene names are
encouraged to contact me at the University of Arizona. Electronic mail
addressed to “hallick%biotec@rvax.ccit.arizona.edu” or fax messages to
1-602-621-9288 will receive a prompt response. Copies of this proposal
are available by electronic mail.
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