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At the conference tm "Structure and Functmn of Plant Genomes" held Jn 
Portese. Italy. ,n September 1982, a meetmg was held to discuss tile poss> 
b ,hty  of making a standard nomenclature fi~r naming genes cod,ng fi~r chlo- 
roplast proteins and RNAs Those m at tendan~eagreed that such a standard 
nomenclature would be valuable and nominated a commit tee  of two, \X ~ Bot 
tomley from Canberra and R B Halhck from Boulder, to draft a set o fgu ,de-  
hnes These were fi~rmulated and circulated at tile meeting and the response 
was. m general ,  f~.tvorable Subsequently. the dra(t proposal was orcu[ated to 
various Interested part,es getwv'en September 1982 and Aprl~ 198a,. w::h an 
mv~tatton to suggest changes or modlflcatmns 

At tile contkrence on "B,osynthes~s uf the Photosynthetic Apparatus Mo- 
lecular Bmh>gy. Depar tment .  and R c g u l a t u m  held m Keystone, Colorado m 
Apr,l ,  198:, a second meet ,ng was held to dtscuss all suggested amendments  
to the nomenclature,  and to fi~rmal,ze a draft proposal fi~r publ ,catmn.  The 
present set of gmdehnes  was agreed to by all who attended th,s special work- 
shop on chloroplast gene nomenclature Those m attendance were Warwick 
Bottomley. Don Bourque. Rose Ann Cat toh(o,  Marvin Edelman, A A. Ga- 
tenby, John Gray, R B Hall ,ok,  Lee Mclntosh,  Laurens biers, Jeff- Palmer, 

O/ / / , t l . t  , . f u , , l ,  i,. F.,Lhard B H.,lh,_k 
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Jean-David Rochlux, Wlliram F Thompson,  Elaine Tobm, and John C Wat- 
son 

General Principles 
In setting up the proposal for chloroplast gene nomenclature, some general 
principles were followed 

A The gene name should conta,n the maximum ,nformatmn about the gene 
product to allow ease of ldentlficatmn. 

B The name fi~r a gene product should not be identical to the name for the 
corrcspond,ng t{ene 

(] In general, the nomenclature for bacter,al genes should act as a guide- 

l ine 
D The gene name ~hould consist of two parts The first part, generally a 3- 

letter code m lower case letters (preferably ~tahclzed) ts used to designate 

the group to which the product belongs (ribosomal subumt,  enzyme, 
membrane complex, etc ) The second part, generally of one capltahzed 

letter, but up to 2 or 3 letters or numbers,  ts used to designate the 
speclficgcne For groups of polypeptlde genes, thccapltahzed letters or 

numbers used to designate specific genes within a group do not necessar- 
fly carry any conm~tatmn as to gone product relatumshlps or polypeptlde 

MW hmrarchy 

R e c o m m e n d e d  Nomenc la ture  for Ribosomal  RNA Operons and 
Ribosomal  R N A  Genes 

Rd~,,~,,m,d R N A  Operons 
RNA operons are designated rrnA, B, C, etc., depending on the number of 
gene sets This ,s the standard E~hoz, h;a .d; nomenclature For chloroplast 
genomes w~th two rRNA operons located ,n reverted repeat DNA segments 

{~ e ,matze ,  spinach, etc ). when the larger single copy regmn ,s oriented at 
the top of the map and rhcL ts on the left s~de of the map, the operon on the 

right side of the map is des,gnated rrnA The operon on the [eft side of the 
map is rrnB. For tandemly arrayed operons (1 e., Euglena gradhs), the 5'- 

proxm3al operon ~s rrnA The remaining operons are designated successively 

rrnB, C, etc. Pamal operons do not recmve rrn des~gnat,on. 

R/hoJomal R N A  Gores 

Gene Gene PrcJm t 

16 S rDNA 16 S rRNA 

2:, S rDNA 2~ S rRNA 
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5 S r D N A  5 S r R N A  
4 . 5 S r D N A  4 . S S r R N A  

7 S r D N A  7 S r R N A  
3 S r D N A  3 S r R N A  

R e c o m m e n d e d  N o m e n c l a t u r e  for T r a n s f e r  R N A  G e n e s  

Genera/P~vnczples 
Transfer RNA genes are des,gnated "'trn'" to designate the group of genes, and 
with the single-letter am,no ac,d code to specdy the ester,fled amino acid. 

Where ident,fied, Jsoacceptmg specms can be designated w,th the antlcodon 
following tile amino aod code. Where the ant,codon *s unknown or as an 
alternat,ve to ant,co&ms sequenttal numbers can be used to d,stmgmsh ,soac- 
ceptmg specms. 

Spec& Examples 

Gene G~'ne Pr, duct 
t~wF tRNA ph~ 

t rnW t R N A ~ ~P 
ttwC tRNA ( " 
/twLl or .'~wL-UAA tRNA'"~ 

t,wL2 or trnL-CAA tRNA"".  

trnL3 or hwL-UAG tRNAL'"~ 

R e c o m m e n d e d  N o m e n c l a t u r e  for  C h l o r o p l a s t  P r o t e i n  G e n e s  
The nomenclature ,s pr,mardy des,gned fi)r chloroplast DNA coded chloro- 

plast protein genes In some cases there are obvmus extrapolations to related 

nuclear genes, , e.. for ATP synthase subumt genes, chloroplast r,bosomal 
protein genes, etc. Some nuclear gene names are therefore proposed However 
since the existence of mult ,gene famd,es for nuclear coded chloroplast pro- 

te,ns comphcates th~s ~ssue, we t~:el that the quest,on of gene nomenclature 
for plant nuclear genes, ,.e , chl A/B binding proteins, should be treated by 
experts m this field 

Chloroplast Ribosomal Protein Genes 
Genes are designated m two groups. These are "','ps" fi)r r,bosomal proteins 

for the small, or 30 S subumts,  and "',ld'" f-or nbusomal proteins of the large. 
or 50 S subumt.  Where a clear analog)' exists to an E coh ribosomal protein 
gene, the gene ms des,gnated w,th the same number as the E. colt counterpart 

Where there is no analog), to E. cob proteins, then letters can be used m place 
of numbers.  
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G8~Ig 
rpsl, 2, 3, etc 

tpll, 2, ~, etc 

Gene Product 
30 S ribosomal prote,n 
analogous to E. colt 
S l, $2, $3, etc 

50 S ribosomal protein 
analogous to E. colt 
LI,  L2, L~, etc 

Subumts of the ATP Synthase 

atpA 
atpB 
atpC 
atpD 
atpE 
atpF 
atpG 
atpH 

Gene Product 
CF, c~ subumt 
CF I [3 subumt 
CF~ "y subumt 
CF, 8 subumt 
CF, e subumt 
CF,, subunit l 
CF,, subumt I1 
CF~, subumt III 

(DCCD b,ndmg) 

Stroma/ Polypepttdes 

Gene 
rbcL 

,'bcS 

,,,/A 

Gene Product 
RuBP carboxylase large subumt 

RuBP carboxylase small subun,t  

elongation factor Tu 

Thylakotd Menebrane Pdypeptl&s 
It ,s recommended that thylako,d membrane prote,n genes be grouped into 
three categorms. These are "psa" for components of photosystem I, "psb" for 
components of photosystem 1I, and "pet", , .e.. "photosynthetic electron trans- 
port," for proteins revolved in the photosynthetic electron transport pathway. 
A number  of speofic recommendations are offered. 

Gene Gene Product 

psaA p70() apoprotem of PSI 
psbA "32 kd polypeptlde" 
psbB 46 kd reactton ~-enter 

polypepude of PSII 
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psbC 43 kd reactmn center 

polypept ,de of PSII 
prbD "D-2 Pr.letn" 
petA cytochrome f 
pctB cytochrome b,, 
petC R,eske Fe-S protein 
petD polypept ,de  IV of 

cytochrome complex 
petE plastocyanm 
petF ferredoxm 

Cenl,'a/ Re~lste, 
In addluon it ts recommended that a central clearing house register should 
be estabhshed. People wKshmg to pubhsh new gene names would be encour- 
aged to first check with the clearing house to avoid dt, p l l ca t .m and m.untam 
consistency Suggested rcvzsmns should be addressed to e,ther R,chard B 
Hall ,ok.  Depar tment  of Chemistry, Campus Box 215. Umvers,ty of (o lo -  
rado, Boulder. CO 80~,09, LISA or to Warw,ck Bottomley. CSIRO. D,vls,on 
of Plant Industry. E O  Box 1600. Canberra CIty. ACT. Australia 

Distinguishing Between Nuclear a n d  C h l o r o p l a s t  Coded Genes 
In many orcumstances  ,t is not necessary to explicit ly d ls t ,ngmsh between 
chloroplast and nuclcar genes (I.e. .  as part o f a  gen~ ~ name), since th~ ct>dlng 
locus Is evident from the context of the work However. N,dmlas  Gl l lham 
and John E Boynton have noted that m genet , t  crosses revolving both nu- 
clear and cytoplasmic markers, ~t ~s often necessary to make such a d,st~nc- 
uon. The}' suggest using brackets or parentheses to separate one class of genes 
from another Th,s is comparable to bacterial crosses revolving chromosomal 
markers, eplsomes, and viral genes. An example of a hypothet,cal genetic 
cross in ChlanodeJmonas mvolv,ng nuclear and chloroplast genes might  be de- 
scrlbed as follows 

me7" arg2 atpE rps3 mt ~ (atpA rpsl) 

>', 

ntc v" arg2" atpE" rps3 '  mt (atpA" r p s l ' )  

Endorsements 
In addi t ion to those mdtvlduals  named above, the following people have re- 
vmwed this proposal and endorsed the chloroplast gene nomenclature sugges- 
uons. Hans Bohnert,  John E. Boynton, Denms Buetow, Nam-Ha,  Chua, 
Stephame Curtis,  Tristan Dyer. John Ellis, N,cholas G, l lham,  W, lhelm 
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Grmssem, Maureen Hanson, Ehzabeth Harris, Martin Hartley, Robert B. 
Hell,ng, Hans Kossel, Reg,s Mache, Eugene Nester, Michael Rmth, Barbara 
Sears, D~ter yon Wettstem, and Herbert Wetssbach. Rev~smns of th~s nomen- 
clature proposal w,ll be pubhshed m future ,ssues of T/)e Plant ,~lolecular Bt,d- 
og) Reporter 

Re~etved Au:,,ust 8. 19,~.~ 


