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The organization and expression of plastid genomes are among the most 
extensively studied rid& in plant molecular biology. Restriction endonuclease 
cleavage site maps have been constructed for the plastid genomes of many 
plant species. Genes for the rRNAs, for most of the tRNAs and for several 
proteins have been located on these physical maps. Furthermore, the nucleo- 
tide sequences of many of these genes, and/or the corresponding RNAs, have 
been determined. 

This article, which is an up-date of the information found in Bohnert et 
al., 1982 and Crouse et al., 1984, compiles the information on plastid ge- 
nomes, genes and RNAs which has appeared in the literature. Some high- 
lights of the data, along with the literature citations, are presented in table- 
form. In addition, related information on cyanobacteria is included. Table 1 
lists the plastid genomes for which physical maps have been constructed, and 
indicates the genes which have been mapped. Sequenced genes for rRNAs, 
tRNAs and proteins are compiled in Tables 2, 3 and 4, respectively. Gene 
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nomenclature follows the set of guidelines agreed upon by the majority of 
workers in the field of chloroplast molecular biology (see Hallick and Bottom- 
ley, 1983). Many general reviews have been written on this or related topics: 

Buetow et al., 1982 
Wallace, 1982 
Well and Parthier, 1982 
Bogorad et al., 1983 
Hagemann and Metzlaff, 1983 
Whitfeld and Bottomley, 1983 

Groot, 1984 
Stutz, 1984 
Hallick et al., 1984 
Hallick, 1985 
Palmer, 1985 

In the process of preparing this compilation, many of our colleagues sup- 
plied us with their unpublished data and useful criticisms. We are grateful 
for their help. Also, the assistance of Ms. M. Schneider (IBMC, Strasbourg), 
who made the computer search of the literature, deserves much credit for 
making our work easier. This work was supported by the Deutscher Akadem- 
ischer Austauschdienst (JMS), the Deutsche Forschungsgemeinschaft and North 
Atlantic Treaty Organization (JMS and HJB), and the Arizona Agricultural 
Research Station (AZT 174441, HJB). 

TABLE I. Physical mapping data on chloroplast DNA from various plant species 
and mapping of genes or specific regions 
Plant source Type* Organization into segments b Total Genes ~ or Reference* 
r name) of (kbp) size regions 

repeat ( kbp ) mapped 

Atriplex triangularis I (R) 24.1 ND 24,1 ND 152 23SrDNA Palmer 1982 
16SrDNA 
rbcL 
psbA 

Atropa belladonna I (R) ND ND ND ND 160 23SrDNA Fluhr and Edelrnan 
16SrDNA 1981a 
5SrDNA 
4.5SrDNA 

Bras.~ica napus (winter I (R) 150 Vedel et al. 1982 
rape) Vedel and Mathieu 1983 

Brassica ssp. 1 (R) ND ND ND ND ca. 150 23SrDNA Palmer et al. 1983a 
16SrDNA 
rbcL 
psbA 

Chlamydomonas I (R) 21 76 21 77 195 23SrDNA Rochaix 1978, 198 l 
reinhardii 16SrDNA Rochaix and Malnoe 

7SrDNA 1978 
5SrDNA Malnoe and Rochaix 
3SrDNA 1978 
17 trns Malnoe et al. 1979 
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TABLE 1, Continued 

Plant murc~ Type ~ Organization into segments b Total C~en~r~r l~qc~tnc~" 
(common name) of (kbp) uz~ reg~on~ 

repeat ( kbp ) mapped 

CMorellaellipsodea I(R,E) 23 29.5 23 98.5 ca. 175 

Cicer arietinum No (E) 120 

Cucumissativa I (R) 14+ 24 14+ ca. 104 155 
(cucumber) 

Cyanophora paradoxa [(R, E) 11 17.5 11 87 127 

Euglena gracilis Z T{R,E) 5.7 5.7 5.7 t22 L40 

rkcL Wa~soe and Sur2yc~:i 
tufA ~982, 1987, 
rp/Z ETitk~o~ e* al. 1984a,b 
rp~4,1 l, 1~, 19 l,emleux et al. 1984a,b 
pJbA,D Rochaix et al. 1984 
rpoB,C' Vallet et aL 1984 
ar~ f Waddell et al. 1984 
oriA,B War~g et al. 1984 

Bergmann et al. 1985 

23SrDNA ~amada 1983 
16SrDNA 
5StDNA 

23SrDNA 
16SrDNA 
rbcL 
psbA 

23.~rDNA 
163r 
29 ten~ 

rbcL,~ 
atp B 
pp<8 s 

2 ~SrONA 
16SrDNA 
5SrDNA 
23 trns 
r&L 
tufA 
rps7,12 
psbA 
ori A 

Chu and Tewari 1982 

Palmer 1982 
Palmer and Thompson 

1982 

Bohnert and Loffelhardt, 
1982 

Heiahorst and Shive|y 
~983 

Ku•r2 et al. 1984a 
Lemaux and Grossman 

t984 
Waxmann and Mclntosh, 
pets. cochin. 

Gray aad Ha.fLick t977, 
t978, I979 

) e ~ i  and Stutz 1978, 
1979 

1Lawson et al. 1978 
Keller et al, 1980, 1982 
Otnzco et aL 1980a,b, 

1982a 
Jetani et al. 1981 
Rutti et al. 1981 
Schmitt et al. 1981 
Kollet and Delius 

1982a,c,d 
Kutac~ et al. 1982 
RaveI-Chapuis et al. 

1982 
Stieglet et al. 1982 
Dix et al. 1983 
P~ssavata~ et al. 1983 
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Plant source Type ~ Organization into segments b Total Genes c or Reference* 
(common name) of ( kbp ) size regions 

repeat ( kbp ) mapped 

Euglena gracilis B T(R,E) 

Euglena gracilis Z-S No (R) 

Euglena gracilis T 

Euglena gracilis B- T (E) 
ATCC No. 10616 

Glycine max (soybean) I (R) 

Hordeum vulgare I (R) 
(barley) 

Lactuca sativa I (E) 
(lettuce) 

Linum usitatissinum 
(common flax) 

Lycopersicon sp. I (R) 

23SrDNA 
16SrDNA 
5SrDNA 
trns 

23SrDNA 
16SrDNA 

2 ribosomal operons 

5 complete operons and 2 extra 16SrDNAs 

22 ND 22 ND ca. 150 23SrDNA 
16SrDNA 
rbcL 
tufA 
rps19 
psbA 
ori 

24.4 20 24.4 87 156 

18+ ND 18+ ND 

rbcL 

Marchantiapolymorpha I (R) 11.7 15.7 11.7 81.9 121 

Medicago sativa No (R) 126 
(alfalfa) 

23SrDNA 
16SrDNA 
rbcL 

23SrDNA 
16SrDNA 
5SrDNA 
rbcL 

23SrDNA 
16SrDNA 
rbcL 
psbA 
atpA,B,E 

Schlunnegger et al. 1983 
Hallick et al. 1984 
KoUer and Delius 1984 
Koller et al. 1984a 
Montandon and Stutz 

1984 
Schlunegger and Stutz 

1984 

Helling et al. 1979 
EI-Gewely et al. 1981, 

1984 
Koller and Delius 1982b 
Koller et al. 1984a 

Wurtz and Buetow 1981 

Ravel-Chapuis et al. 1984 

Koller and Delius 1982b 
Flamant er al. 1984 

Palmer et al. 1983b 
Spielmann et al. 1983 

Poulsen 1983, 1984 

Kolodner and Tewari 
1979 

Coates and Cullis 1982 

Palmer and Zamir 1982 

Ohyama et al. 1983 
Yamano et al. 1984 

Palmer et al. 1985 
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Plant source Type ~ Organization into segments b Total Genes c or Reference* 
(common name) of ( kbp ) size regions 

repeat ( kbp ) mapped 

Narcissus I (E) 28.5 16.6 28.5 87.8 161 
pseudonarcissus d 

Nicotiana accuminata I (R) 22.7 ND 22.7 ND 171 

Nicotiana otophora I (R) 160.5 23SrDNA 

Ni~tianatabacum I(R,E) 22.6 ND 22.6 ND ND 
(tobacco) 24 13 24 99 160 

20.4 24 20.4 95 160 
19.3 ND 19.3 ND 160 

16SrDNA 
rbcL 

23SrDNA 
16SrDNA 
5SrDNA 
20 trns 
rbcL 
rpl2 
rpsT, 12,19 
atpA,B,E,H 
pet A, C 
ars 

Thompson et al. 1981 

Shen et al. 1982 

Zhu et al. 1982 

Sugiura and Kusada 
Jurgenson and Bourque 

1980 
Fluhr and Edelman 

1981b 
Seyer et al. 1981 
Shen et al. 1982 
Fluhr et al. 1983a 
Bergmann et al. 1984 
I.in and Kung 1984 
Ohtani et al. 1984 
Sugita et al. 1984 
Tassopulu and Kung 

1984 

Oenothera sp. (evening 
primrose) 

plastome I I (R) 23 20 23 87 
plastome II I (R) 23 20 23 87 
plastome III I (R) 23 20 23 88 
plastome IV I (R) 23 20 23 86 
plastome V I (R) 24 20 24 87 

Osmundacinnamomea I (R)  13 .4 -  ND 13 .4 -  ND 

Pennisetum americanum I (R) ND 12 ND ND 
(pearl millet) 

Petunia hybrida I(R,E) 15 + 20 15 + ca. 
(petunia) 102 

153 
153 
154 
152 
154 

144 

127-138 

ca. 152 

23SrDNA 
16SrDNA 
5SrDNA 

23SrDNA 
16SrDNA 
rbcL 
atpA,B 
psbA 

23SrDNA 
16SrDNA 
5SrDNA 
rbcL 
atpB 
psb^ 
23SrDNA 
16SrDNA 
5SrDNA 
4.5SrDNA 
rbcL 
atpB,E,H 
arsA,B f 

Gordon et al. 1981, 
1982 

Palmer and Stein 1982 

Rawson et al. 1981a 
Thomas et al. 1984 

Bovenberg et al. 1981, 
1984a,b 

Palmer and Thompson 
1982 

Overbeeke et al. 1984 
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Plant source Type ~ Oganization into segments b Total Genes ~ or Reference* 
(common name) of ( kbp ) size regions 

repeat ( kbp ) mapped 

Petunia parodii I (R) 160 

Phaseolus vulgaris I (R) 22 + 23 - 22 + 82 + 150 23SrDNA 
(common bean) 16SrDNA 

27 trns 
rbcL 
psbA 

135 23SrDNA 
120 16SrDNA 

28 trns 
rbcL 
atpA,B,E,H 
psaA 
psbA 
petA 

Pisum sativum (pea) No(R,E) 

Sinapis alba (mustard) I ( R )  ca. 2 2  ca. 3 0  ca. 2 2  ca. 8 4  ca. 158  

Solanumsp. I(R) 15.1+ 20.9 15.1+ 106.9 158 

Spinacia oleracea I(R,E) 23 19 23 80 145 
(spinach) 

Spirodela oligorrhiza I (R) 27 28 27 100 182 
(duckweed) 

23SrDNA 
16SrDNA 
trns 
rbcL 
psbA 

23SrDNA 
16SrDNA 
rbcL 
psbA 

23SrDNA 
16SrDNA 
5SrDNA 
4.5SrDNA 
27 trns 
rbcL 
atpA,B,E,H 
rpl2 
rps12,19 
psaA1,A2 
psbA,B,C,D 
petA,B,C,D 

23SrDNA 
16SrDNA 
5SrDNA 
4.5SrDNA 

trns 
rbcL 
atpA,B,E 
psbA 

Fluhr and Edelman 
198 la 

Mubumbila et al. 1983 
Palmer 1983 
Palmer et al. 1983b 

Chu et al. 1981 
Palmer and Thompson 

198 la,b, 1982 
Chu and Tewari 1982 
Willey et al. 1983, 

1984b 
Hutrly and Gray 1984 
Smith and Gray 1984a,b 
Mubumbila et al. 1985b 

Link 198 la 
Link et al. 1981 

Link and Langridge 1984 

Palmer and Zamir 1982 
Edelman, pers. comm. 

Crouse et al. 1978 
Whitfeld et al. 1978b 
Driesel et al. 1979, 1980 
Kolodner and Tewari 

1979 
Herrmann et al. 1980a 
Whitfeld and Bottomley 

1980 
Erion et al. 1981 
Schmitt et al. 1981 
Westhoff et al. 1981, 

1983a,b 
Altet  al. 1983a,b 

van EE et al. 1980, 1982 
Groot and van Harten- 
Loosbroek 1981 
deHeij et al. 1983 
Keus et al. 1983a,b,c 
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Plant source Type ~ Organization into segments b Total Genes c or Reference* 
(common name) of ( kbp ) size regions 

repeat ( kbp ) mapped 

Triticum aestivum I(R,E) 2 l 12.8 21 80.2 135 23SrDNA 
(wheat) 16SrDNA 

26 trns 
atpA,B,E,H 
rbcL 

Tropaeolummajus d I (E) 
(nasturtium) 

Viciafaba(broad No(R,E) 
bean) 

Vigna radiata (mung I (R) 
bean) 

Zea mays (maize) I(R,E) 

27.1 18.5 27.1 82.3 

23 21 23 83 

22.5 13 22.5 77 

22.5 12.6 22.5 78.5 

155 23SrDNA 
16SrDNA 

121 23SrDNA 
16SrDNA 
25 trns 
rbcL 
atpA,B,E 
psbA 

150 23SrDNA 
16SrDNA 
rbcL 
atpA,B,E 
psbA 

135 23SrDNA 
16SrDNA 

136 5SrDNA 
4.5SrDNA 
26 trns 
rbcL 
atpB,E 
rps4 
psbA 

Bowman et al. 1981, 
1983 

Howe et al. 1982a,b, 
1983 

Koller et al. 1982e 
Day and Ellis 1984 
Mubumbila et al. 1985a 

Thompson et al. 1981 

Delius and Koller 1980 
Koller and Delius 1980 
Palmer and Thompson 

1982 
Ko et al. 1983, 1984 
Mubumbila et al. 1984 
Shinozaki et al. 1984 

Palmer and Thompson 
1981a,b, 1982 

Palmer et al. 1982, 
1983b 

Bedbrook and Bogorad 
1976 

Bedbrook et al. 1977, 
1979 

Kolodner and Tewari 
1979 

Link and Bogorad 1980 
Koller et al. 1982e 
Krebbers et al. 1982 
Palmer and Thompson 

1982 
Larrinua et al. 1983 
Selden et al. 1983 
Subramanian et al. 1983 

aRepeat structures (I = inverted; T = tandem; No = no repeat) were determined by restriction endonuclease 
analysis (R) and/or electron microscopy (E). 

bThe size of the repeated segments are given in bold numbers. 
CFor additional information and references dealing with sequenced genes for rRNAs, tRNAs and proteins, 

and in some cases their sequenced RNAs,  see Tables 2, 3 and 4, respectively 
dChtomoplast DNA investigated 
erp0B,C = RNA polymerase subunits 
farsA,B = autonomously replicating sequences 
gppcB = gene for the beta-phycocyanine of the cyanobacterial phycobilisomes. 
*References are listed in chronological order. 
ND = Not determined 



50 Plant Molecular Biology Reporter 

TABLE 2. Sequenced ribosomal RNAs and genes for rRNAs 

Type of Gene Plant source Number of Intron(s) Reference 
rRNA nucleotides 

23S 23SrDNA Anacystis 2,869 No 
nidulans 

168 

Chlamydomonas 

Euglena 
gracilis Z 

Euglena 
gracilis B 

tobacco 

Spirodela 

maize 

16SrDNA Anacystis 
nidulans 

C h lamydomonas 

Euglena 
gracilis Z 

tobacco 

mustard 

Synechococcus 

Kumano et aL 1983 
Douglas and Doolittle 

1984b 

Yes Rochaix and Malnoe 
0.87 1978 

kbp ~ Allet and Rochaix 1979 
Rochaix and Darlix 

1982 

partial Graf et al. 1980 
Orozco et al. 1980b 

partial E1-Gewely et al. 1981, 
1984 

2,804 No Kusuda et al. 1980 
Tohdoh et al. 1981 
Takaiwa and Sugiura 

1982a 

partial Keus et al. 1983b 

2,890 No Edwards and Kossel 
1981 

Koch et al. 1981 
Briat et al. 1982a 
Zenke et al. 1982 
Strittmatter and Kossel 

1984 

1,487 No Tomioka et al. 1981 
Tomioka and Sugiura 

1983 

1,475 No Rochaix and Malnoe 
1978 

Dron et al. 1982b 

1,491 No Orozco et al. 1980b 

partial Graf et al. 1982 
truncated Steege et al. 1982 

Roux et al. 1983 

1,486 No Tohdoh et al. 1981 
Tohdoh and Sugiura 

1982 

Przybyl et al. 1984 

Borbely and Simoncsits 
1981 
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T A B L E  2 .  Continued 

Type of Gene Plant source Number of Intron(s) Reference 
rRNA nucleotides 

Spirodela partial 

maize 1,491 

7S 7SrDNA Chlamydomonas 282 

5S ~ 5SrDNA Anacystis 
nidulans 

Chlamydomonas 

Dryopteris 119 
acuminata 120 

122 

Eisenia 118 
bicyclis 

Euglena 
gracilis Z 

Euglena ca. 12 t 
gracilis B 

Jungermannia 119 
sp. 

Lemna minor 119 
121 

Marchantia 119 
sp. 

tobacco 119 
120 
12l 

dwarf bean 120 

Sargassum 118 
fulvellum 

spinach 121 
122 

Spirodela 120 
oligorhiza 

Synechococcus 
lividus iII 

Keus et al. 1983b 

No Schwarz and Kossel 
1979, 1980 

Koch et al. 1981 
Schwarz et al. 198 lb  

No Rochaix and Darlix 1982 

Cori 9' et ai. t974 
Douglas and Doolittle 

1984a 

Rochaix and Malnoe 
1978 

- Takaiwa and Sugiura 
- 1982b 

- Lim et al. 1984 

No Karabin et al. 1983 

No E1-Gewely et al. 1984 

Yamano et al. 1984 

- Dyer and Bowman 1979 

Yamano et al. 1984 

- Dyer and Bowman 1979 
No Takaiwa and Sugiura 

- 1980a, b, 1981 

- Dyer and Bowman 1979 

- Lira et al. 1984 

- Delihas et al. 1981 
Pieler et al. 1982 

No Keus et al. 1983a 

Delihas et al. 1982 
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TABLE 2. Continued 

Type of G e n e  Plant source Number of Intron(s) Reference 
rRNA nucleotides 

Ulvapertusa 120 - Lim et al. 1984 

broad bean 121 - Dyer and Bowman 1979 
122 

maize 122 No Dyer and Bedbrook 
1980 
Stri t tmatter  and Kossel 
1984 

4.5S 4 .5SrDNA Dryopteris 103 - Takaiwa et al. 1982 
acuminata 

Lemna minor ca. 63 - Bowman and Dyer 1979 
96 

103 - 

tobacco 101 - Bowman and Dyer 1979 
103 No Takaiwa and Sugiura 

1980a, b, c 

dwarf bean 103 - Bowman and Dyer 1979 

spinach 106 - Kumagai et al. 1982 

Spirodela 102 No Keus et al. 1983a 
oligorhiza 

wheat 96 - Wildeman and Nazar 
1980 

broad bean 72 - Bowman and Dyer 1979 

maize 95 No Edwards et al. 1981 

3S 3SrDNA Chlamydomonas 47 No Rochaix and Darlix 
1982 

"Determined by electron microscopy and by hybridization of purified rRNA to various rDNA 
restriction fragments. 

bsee also, Erdmann et al., 1984 
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tRNAs  Plant No. of isoacceptors tRNAs tRNA tRNA Reference 
accepting." source identified sequenced a.b genes genes 

mapped sequenced ~ 

Ala Anacystis nidulans t rnA-UGC 

Arg 

Ash 

Chlamydomonas 1 1 

C. paradoxa ~ I 2 

E. gracilis Z 1 2 or 3 

soybean 1 

lupin 1 

tobacco 1 2 

common bean 1 2 

pea 1 1 

spinach 1 1 

wheat  2 2 

broad bean 1 1 

maize 1 2 

C. paradoxa 2 2 

E. gracilis Z 2 1 

lupin  2 

tobacco 2 3 

common bean 2 2 

pea 1 1 

spinach 2 l 

wheat  1 2 

broad bean 2 2 

maize 1 2 

Chlamydomonas I 

C. paradoxa I 1 

E. gracilis Z 1 1 

tobacco 2 

common bean 2 2 

pea 2 1 

spinach 1 l 

t rnA-UGC 

trnA-UGC 
710 bp intron 

t rnA-UGC 
806 bp intron 

t rnR-ACG 

t rnR-UCU 

t rnR-ACG 

t rnN-GUU 

t rnN-GUU 

Tomioka and Sugiura  
1984 

Bergmann et al. 1985 

Kuntz et  al. 1984a 

Graf  et  al. 1980 
Keller et al. 1980 
Orozco et aI, 1980b 

Swamy and Pil lay 1982 

Mubumbi la  1984 

Takaiwa and Sugiura 
1982c 

Bergmann et al. I984  

Mubumbi l a  et aL 1983 

Mubumbi la  et al. 1985b 

Driesel et al. 1979 

Mubumbi l a  et  aI. 1985a 

Mubumbi l a  et  at. 1984 

Koch et al. 1981 
Selden et  ai. 1983 

Kuntz  et al. 1984a 

Kuntz et al. 1982 
Orozco and Hal l ick  1982b 

Mubumbi l a  1984 

Sugiura et al. 1983 
Bergmann et al. 1984 
Deno and Sugiura 1984a 

Mubumbi l a  et al. 1983 

Mubumbi l a  et  al. 1985b 

Driese[ et  al. 1979 

Mubumbi l a  et al. 1985a 

Mubumbi l a  et  al_ 1984 

Selden et al. 1983 

Bergmann et al. 1985 

Kuntz  et  aL 1984a 

Kuntz  et al. 1982 
Orozco and Hal l i ck  1982b 

Kato et al. 1981 

Mubumbi l a  et al. 1983 

Mubumbi l a  et  al. 1985b 

Driesel er al. 1979 
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tRNAs Plant 
accepting: source 

No. of isoacceptors 
identified 

tRNAJ 
sequenced a,b 

tRNA 
genes 

mapped 

tRNA 
genes 

sequenced c 

Reference 

Asp 

Cys 

Glu 

Gin 

Gly 

wheat 

broad bean 

maize 

C. paradoxa 

soybean 

lupin 

tobacco 

pea 

spinach 

wheat 

broad bean 

maize 

E. gracilis Z 

pea 

spinach 

wheat 

E. gracilis Z 

tobacco 

pea 

Scenedesmus 
obliquus 

spinach 

wheat 

broad bean 

E. gracilis Z 

tobacco 

pea 

broad bean 

E. gracilis Z 

2 

1 

4 

I 

1 

1 

trnD-GUC 

1 trnD-GUC 

2 

1 

1 trnC-GCA 

1 trnC-GCA 

1 trnC-GCA 

1 trnE-UUC 

1 trnE-UUC 

trnE- 

1 trnE-UUC 

I trnE-UUC 

trnE-UUC 

1 trnQ-UUG 

1 trnQ-UUG 

1 trnQ-UUG 

2 trnG-GCC 
trnG-UCC 

Mubumbila et al. 1985a 

Mubumbila et al. 1984 

Selden et al. 1983 

Kunrz et al. 1984a 

Swamy and Pillay 1982 

Mubumbila 1984 

Bergmann et al. 1984 

Mubumbila et al. 1985b 

Holschuh et al_ 1983 

Mubumbila et al. 1985a 
Quigley et al. 1985 

Mubumbila et al. 1984 

Selden et al. 1983 

Hallick et al. 1984 

Mubumbila et al. 1985b 

Holschuh et al. 1983 

Quigley et al. 1985 

Hollingsworth and 
Hallick 1982 
Kuntz et al. 1982 

M. Sugiura, pers. comm. 

Mubumbila et al. 1985b 

McCoy and Jones 1980a,b 

Holschuh et al. 1984b 

F. Quigley, pers. comm. 

Kuntz et al. 1984b 
Mubumbila et al. 1984 

Kuntz et al. 1982 
Karabin and Hallick 1983 

Deno and Sugiura 1983 

Mubumbila et al. 1985b 

A. Steinmetz, pers. 
comm. 

Hollingsworth and 
Hallick, 1982 
Kuntz et al. I982 
Karabin and Hallick 1983 
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tRNAs Plant No. of isoacceptors 
accepting," source identified 

tRNAs 
sequenced ~'b 

tRNA tRNA 
genes genes 

mapped sequenced ~ 

Reference 

His  

l ie 

soybean t 

lupin  1 

tobacco 1 

common bean 2 

pea 1 

spinach 2 

wheat  1 

broad bean 1 

maize 2 

Chlamydomonas 1 

C. paradoxa 1 

E, gracilis Z 1 

soybean 1 

cotton 1 

lupin 1 

N.debneyi 

tobacco t 

common bean 1 

pea 1 

spinach 1 

wheat  1 

broad bean 1 

maize 1 

Anacystis 
nidulans 

Chlamydomonas 1 

C. paradoxa 1 

2 trnG-UCC 
691 bp intron 
trnG-GCC 

1 

1 

1 o r 2  

2 t rnG-GCC 
trnG-UCC 

1 o r 2  

4 

2 

1 

trnH-GUG 

t r nH-GUG 

trnH-GUG 

trn H-G U G 

l 

1 

1 t rnH-GUG 

2 

1 

2 t rnH-GUG 

t rn l -GAU 

Swamy and PilIay I982  

Mubumbi l a  1984 

Sugiura et al. 1983 
Bergmann et al. 1984 
Deno and Sugiura 1984b 
Ohme et al. 1984 

Mubumbi l a  et al. 1983 

Mubumbi la  er al. 1985b 

Driesel et al. 1979 

Mubumbi la  et al. 1985a 
Quigley  et al. 1985 
F. Quigley, pers. comm. 

Mubumbi la  et al. 1984 

Selden et al. 1983 

Bergmann et al. 1985 

Kuntz et al. 1984a 

Hol l ingswor th  and 
Hal l ick  1982 
Kuntz et  aI. 1982 

Swamy and Pil lay 1982 
Spielmann and Stutz 1983 

Merrick and Dure 1972 

Mubumbi la  1984 

Zurawski  et  al. 1984a 

Sugiura et aI. 1983 
Bergmann et al. 1984 
Sugita et al. 1984 

Mubumbi la  et al, 1983 

Mubumbi la  et  al. 1985b 

Driesel et al. 1979 
Zurawski  et al. 1984a 

Mubumbi la  et al. 1985a 

Mubumbi l a  et al. 1984 

Schwarz et al. 1981a 
Selden et al. 1983 

Tomioka and Sugiura 
1984 

Bergmann et al. 1985 

Kuntz  et al. 1984a 
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tRNAs Plant 
accepting: source 

No. of isoacceptors 
identified 

tRNAs 
sequenced ,.h 

tRNA 
genes 

mapped 

tRNA 
genes 

sequenced c 

Reference 

Leu 

E. gracilis Z 

soybean 

cotton 

lupin 

N. debneyi 

tobacco 

common bean 

pea 

spinach 

wheat 

broad bean 

maize 

Chlamydomonas 

C. paradoxa 

E. gmcilis Z 

soybean 

c o t t o n  

Iupin 

tobacco 

common bean 

tRNA~;~ u 
t R N A ~ u  

t R N A ~ u  

t R N A ~ I ~  
tRNAc~^^ 

tRNA~m7 G 

t R N A ~ , ~  
tRNA~m~^A 
tRNAI~mvG 

2 o r 3  

4 

4 

2 

4 

4 

2 

4 

1 

3 

2 o r 3  

trnI-GAU Grafet al. 1980 
Keller et al. 1980 
Orozco et al. 1980b 

Swamy and Pillay 1982 

Merrick and Dure 1972 

Mubumbila 1984 

trnI-CAU Zurawski et al. 1984a 

trnI-GAU Takaiwa and Sugiura 
707 bp intron 1982c 

Bergmann et al. 1984 

Mubumbila et al. 1983 

Mubumbila et al. 1985b 

trnI-CAU Bohnert et al. 1979 
Guillemaut and Weil 

1982 
Francis and Dudock 1982 
Kashdan and Dudock 

1982b 
Zurawski et al. 1984a 

Mubumbila et al. 1985a 

Mubumbila et al. 1984 

trnI-GAU Koch et al. 1981 
949 bp intron Guillemaut and Weil 

1982 
Selden et al. 1983 

Bergmann et al. 1985 

Kuntz et al. 1984a 

trnL-UAG Kuntz et al. 1982 
trnL-UAA Orozco and Hallick 1982b 

Hallick et al. 1984 
Keller and Stutz 1984 

Pillay et al. 1984 

trn-UAG 

Merrick and Dure 1972 

Mubumbiia 1984 

Bergmann et al. 1984 
M. Sugiura, pets. comm. 

Canaday et al. 1980a 
Osorio-Almeida et al. 

1980 
Mubumbila et al. 1983 
Pillay er al. 1984 
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tRNAs Plant No. of isoacceptors 
accepting: source identified 

tRNAs 
sequenced ~,b 

tRNA 
genes 

mapped 

tRNA 
genes 

sequenced ' 

Reference 

Ly$ 

Met 

pea 3 

spinach 3 

wheat 3 

broad bean 3 

maize 3 

Chlamydomonas 1 

C. paradoxa 1 

E. gracilis Z 1 

soybean 1 

cotton 1 

lupin 1 

tobacco 1 

common bean 1 

pea 1 

spinach 1 

wheat 1 

broad bean 1 

maize 1 

Chlamydomonas 2 

C. paradoxa 2 

E. gracilis Z 2 

soybean 2 

cotton 2 

barley 

tobacco 

common bean 2 

pea 1 

tRNA~]G 

t R N A ~ u  (f) 

3 

3 t o 5  

4 

3 to5 

trnL-UAA 
bp intron 

trnL-UAA 
451 bp intron 
trnL-CAA 

trnL-UAA 
458 bp intron 
trnL-CAA 

trnM-CAU (f) 
trnM-CAU 
(m) 

trnM- 

trnM-CAU 
(m) 
trnM-CAU (f) 

trnM-CAU 

Mubumbila et al, 1985b 

Driesel et al. 1979 
Canaday et al. 1980a 

Mubumbila et al, 1985a 
F. Quigley, pers. comm. 

Bonnard et al. 1984, 
1985 

Mubumbila et al. 1984 

Steinmetz et al. 1982 
SeMen et al. 1983 
Steinmetz et al. 1983 

Bergmann et al. 1985 

Kuntz et al. 1984a 

Kuntz et al. 1982 

Swamy and Pillay 1982 

Merrick and Dure 1972 

Mubumbila 1984 

Bergmann et al. 1984 

Mubumbila et al. 1983 

Mubumbila et al. 1985b 

Driesel et al. 1979 

Mubumbila et al. 1985a 

Mubumbila et al. 1984 

Selden et al. 1983 

Bergmann et al. 1985 

Kuntz et al. 1984a 

Hollingsworrh and 
Hallick 1982 
Kuntz et al. 1982 
Karabin and Hallick 1983 

Swamy and Pillay 1982 

Metrick and Dure 1972 

Zurawski and Clegg I984 

Deno et al. 1982 
Sugiura et al. 1983 
Ohme et al. 1984 

Canaday et al. 1980b 
Mubumbila et al. 1983 

Mubumbila et al. 1985b 
Zurawski (see Karabin 

and Hallick 1983) 
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tRNAs Plant 
accepting: source 

No. of isoacceptors 
identified 

tRNAs 
sequenced *'b 

tRNA 
genes 

mapped 

tRNA 
genes 

sequenced ~ 

Reference 

Phe 

Pro 

S cenedes mus* 

spinach 

wheat 

broad bean 

maize 

Chlamydomonas 

C. paradaxa 

E, gracilis Z 

E. gracilis B 

soybean 

cotton 

barley 

lupin 

tobacco 

common bean 

p e a  

spinach 

wheat 

broad bean 

maize 

CMamydamanas 

C, paradoxa 

E. gracilis Z 

lupin 

tobacco 

tRNAM~* tch CAU~ / 
tRNA Me* 

"*CAU 

(m) 

tRNAcM~ 
(f) 
tRN AMct 

**CAU 

(m) 

t R N A ~  

tRNA~A 

t R N A ~  

2 o r 3  

trnM-CAU (f) 

trnM-CAU 
(m) 

trnF-GAA 

trnF-GAA 

trn F-G A A 

r 

trnP-UGG 

Jones 1980b 
McCoy and Jones 1980a 

Driesel et al. 1979 
Calaghan et aL 1980 
Pirtle et al, 198l 

Mubumbila et al. 1985a 
E Quigley, pers, comm, 

Mubumbila et al. I984 

Seiden et al. I983 
Sceinmetz et at. t983 

Bergmann et al, 1985 

Kuntz et al. 1984a 

Chang et ~d. 1976 
Kuntz et al. 1982 
Hallick et al. 1984 

EI-Gewely et al. 1982 

Swamy and Pillay 1982 

Merrick and Dure 1972 

Mubumbila 1984 

Bergmann et al. 1984 

Guillemaut and Keith 
1977 

Canaday et al. 1980a 
Mubumbila et al. 1983 

Mubumbila et al. 1985b 

Driesel et al. 1979 
Canaday et al, 1980a 

Mubumbila et al, 1985a 
F. Quigley, pets, comm. 

Mubumbila et al, 1984 
Bonnard et al. 1985 

SeIden et aI. ~983 
Steinmetz eca[, t983 

Bergmann et al. 1985 

Kuntz et al, 1984a 

Kuntz et al. 1982 

Mubumbila 1984 

Bergmann et al. 1984 
Ohme et al. 1984 
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tRNAs  Plant No. of isoacceptors 
accepting: source identified 

tRNAs  
sequenced ~,b 

tRNA 
genes 

mapped 

tRNA 
genes 

sequenced c 

Reference 

Set 

Thr  

common bean 1 

pea 1 

spinach 1 

wheat  1 

broad bean 1 

maize 1 

C. paradoxa 3 

E. gracilis Z 1 

soybean 1 

lupin 3 

tobacco l 

common bean 3 

pea 3 

spinach 3 

wheat  3 

broad bean 2 

maize 3 

Chlamydomonas 3 

C. parad, oxa 1 

E. gracilis Z 2 

soybean 1 

lupin  1 

tobacco 2 

common bean 1 

pea 1 

spinach 2 

wheat  2 

broad bean 1 

Pro tRNAu,GG 

Tht  tRNAGG u 

2 Mubumbi la  et al. 1983 

1 Mubumbi l a  et al. 1985b 

1 Driesel et al. 1979 
Francis et al. 1982 

2 Mubumbi l a  et al. 1985a 

l Mubumbi la  et al. 1984 

1 Selden et al. 1983 

3 Kuntz et al. 1984a 

1 trnS-GCU Kuntz  et  al. 1982 
Karabin and Hal l ick  1983 

Swamy and Pil lay 1982 

Mubumbi la  1984 

3 trnS-GCU Deno and Sugiura 1983 
Bergmann et al. 1984 

3 Mubumbi l a  et al. 1983 

3 Mubumbi la  et al. 1983b 

2 trnS-UGA Driesel et al. 1979 
Holschuh et al. 1984a 

3 Mubumbi la  er al. 1985a 

1 Mubumbi l a  et al. 1984 

3 trnS-GGA Selden et al. 1983 
t rnS-UGA Steinmetz et al. 1983 

Krebbers et al. 1984 

Bergmann et al. 1985 

1 Kuntz et al. 1984a 

1 t rnT-UGU Kuntz  et al. 1982 
Karabin and Hal l ick  1983 

Swamy and Pil lay 1982 

Mubumbi l a  1984 

2 Bergmann er al. 1984 

2 Mubumbi l a  et al. 1983 

2 Mubumbi l a  er al. 1985b 

t t rnT-GGU Driesei et al. i 9 7 9  
Kashdan et al. 1980 
Kashdan and Dudock 

1982a 

Holschuh et al. 1984b 

2 t rnT-GGU Mubumbi la  et al. 1985a 
F. Quigley, pers. comm. 

1 t rnT-GGU Mubumbi la  et al. 1984 
Kuntz et al. 1984b 
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tRNAs Plant No. of isoacceptors tRNAs tRNA tRNA Reference 
accepting: source identified sequenced *,~ genes genes 

mapped sequenced c 

maize 2 2 trnT-UGU Selden et ~l. 1983 
Steinmetz et al. 1983 

Trp Chlamydomonas 2 Bergmano et al. 1985 

C. paradoxa 2 2 Kuntz et al. 1984a 

E. gracilis Z 1 1 trnW-CCA Hol l ingswor th  and 
Hal l i ck  1982 
Kuntz et al. 1982 

soybean 1 Swamy and Pil lay 1982 

cotton 2 Merrick and Dure 1972 

Iupin 1 Mubumbi la  1984 

tobacco I I trnW-CCA Bergmann et al. 1984 
O h m e  et al. 1984 

common bean 1 1 Mubumbi la  et al. 1983 

pea 1 1 Mubumbi la  et al. 1985b 

spinach 1 t R N A ~  A 1 Driesel et al. 1979 
Canaday et al. 1981 

wheat  2 1 Mubumbi la  et al. 1985a 

broad bean 1 1 Mubumbi l a  et al. 1984 

maize 1 1 Selden et al. 1983 

Tyr Chlamydomonas 1 1 Bergmann et al. 1985 

C. paradoxa 3 3 Kuntz et al. 1984a 

E. gracilis Z 1 1 trnY-GUA Hol l ingswor th  and 
Hal l ick  1982 
Kuntz et al. 1982 

soybean 2 Swamy and Pil lay 1982 

lupin  1 Mubumbi l a  1984 

tobacco 1 1 t rnY-GUA Bergmann et al. 1984 
M. Sugiura, pers. comm. 

common bean 1 1 Mubumbi la  et al. 1983 

pea 1 1 Mubumbi la  et al. 1985b 

spinach 1 1 trnY-GUA Driesel et al. 1979 
Holschuh et al. 1984b 

wheat  1 1 IrnY-GUA Mubumbi la  et  al. 1985a 
F. Quigley, pers. comm. 

broad bean l 1 trnY-GUA Mubumbi la  et al. 1984 
Kuntz et al. 1984b 

maize 1 1 Selden et al. 1983 

Val Chlamydomonas 2 Bergmann et al. 1985 

C. paradoxa 2 2 Kuntz et al. 1984a 
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tRNAs Plant No. of isoacceptors tRNAs tRNA tRNA Reference 
accepting." source identified sequenced ,,b genes genes 

mapped sequenced c 

E. gracilis Z 1 1 trnV-UAC Kuntz et al. 1982 
Orozco and Hallick 1982b 

soybean 1 Swamy and Pillay 1982 

cotton l Merrick and Dure 1972 

barley 1 trnV- Zurawski and Clegg 1984 

lupin 1 Mubumbila 1984 

tobacco 2 3 trnV-GAC Tohdoh et al. 1981 
trnV-UAC Deno et al. 1982 
571 bp intron Bergmann et al. 1984 

common bean 2 2 Mubumbila et al. 1983 

pea 2 1 Mubumbila et aI. 1985b 

spinach 2 tRNAV~^ c 3 trnV-GAC Driesel et al. 1979 
Sprouse et al. 1981 
Briat et al. 1982b 

Spirodela 1 trnV-GAC Keus et al. 1983b 
oligorhiza 

wheat 2 or 3 2 Mubumbila et al. 1985a 

broad bean 1 1 Mubumbila et al. 1984 

maize 1 2 trnV-GAC Schwarz et al. 1981a 
trnV-UAC Selden et al. 1985 
603 bp intron Krebbets et aI. 1984 

atRNA~,AA = a leucine tRNA with the anticodon 5'-U*AA; U* is a derivative of uridine. 
bsee also Sprinzl and Gauss, 1984a 
Csee also Sprinzl and Gauss, 1984b 
dCyanophora paradoxa is classified as a red alga (Palmer, 1985) 
'blue-green alga (cyanobacteria) 
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