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Abstract: The complete nucleotide sequence of the chloroplast genome of the red 
alga Porphyra purpurea has been determined (accession number = U38804). The 
circular genome is 191,028 bp in length and encodes approximately 250 genes. 

T 
he complete nucleotide sequence of the chloroplast genome of the 
red alga Porphyra purpurea (Rhodophyceae, Bangiophycidae), 
Avonport strain, has been determined (accession number = 

U38804). The circular genome is 191,028 bp in length, making it, to date, 
the largest chloroplast genome to be completely sequenced (see Fig. 1). 
Similar to other chloroplast genomes, the P. purpurea chromosome has a 
low G+C content (33 percent) and contains two copies of the ribosomal 
RNA operon. Unlike other chloroplast genomes, the two rRNA operons 
are organized as direct, rather than inverted repeats (Reith and 
Mtmholland, 1993a,b) and the two copies are not identical, with 41 of 
4,820 (0.85 percent) positions differing in the two versions. Only the 
genes of the ribosomal RNA operon are present m these repeats. 

Approximately 251 genes and open reading frames have been identi- 
fied on the P. pu rpurea chloroplast genome, more than double the number 
of genes present on chloroplast genomes of land plants. As is the case for 
land-plant chloroplast genomes, many of these genes encode photosyn- 
thetic proteins and proteins involved in gene expression. However, 
many genes of these two categories that have been transferred to the 
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Fig. 1. The Porphyra purpurea chloroplast genome. Genes on the outside of the 
circle are transcribed in a clockwise direction; those inside the circle are tran- 
scribed counterclockwise. Gene names were designated according to recommen- 
dations (Hallick, 1989; Hallick and Bairoch, 1994; Hallick and Bottomley, 1983). 
For a list of genes and gene products, see the table on p. 324. 

nucleus in land plants have been retained in the P. purpurea chloroplast  
genome. In addition, there are many  more  genes encoding proteins 
involved in biosynthetic functions. Among  the more  interesting features 
of the P. purpurea chloroplast  genome are: 

�9 53 genes encoding photosynthet ic  proteins: 11 photosys tem I, 16 
photosys tem II, 8 ATPase, 10 phycobil isome, 4 cytochrome b6/f 
complex, 2 RuBisCo and 2 mobile electron carriers (ferredoxin and 
cytochrome c553) 
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�9 47 r ibosomal  p ro te in  genes:  28 large subuni t ,  19 smal l  subun i t  
�9 35 t R N A s  
�9 9 add i t iona l  genes  e n c o d i n g  pro te ins  i nvo lved  in gene  express ion:  

2 ini t iat ion factors, 2 t R N A  synthe tases ,  2 e longa t ion  factor  sub-  
units,  a repl icat ion hel icase subuni t ,  the R N A  c o m p o n e n t  of  R N A s e  
P and  an  R N A s e  E h o m o l o g  

�9 5 0 R F s  wi th  p robab le  func t ions  as t ranscr ip t iona l  r egu la to ry  pro-  
teins 

�9 24 genes  for b iosynthe t ic  funct ions ,  i nc lud ing  synthes i s  of  a m i n o  
acids, fat ty acids, p i g m e n t s  and  th iamine  

�9 65 ORF or ycfgenes, on ly  19 of  w h i c h  are u n i q u e  to P. purpurea 
�9 no  in t rons  and  no  a p p a r e n t  R N A  edi t ing  
�9 no  genes  (or p s e u d o g e n e s )  for subun i t s  of  the N A D H  d e h y d r o g e -  

nase  complex  

Wi th  the recent  comple t i on  of  the ch lorop las t  g e n o m e  sequences  of  P. 
purpurea, the g l a u c o c y s t o p h y t e  Cyanophora paradoxa (Stirewalt  et al., 
1995), and  the d i a t o m  Odontella sinensis (Kowall ik  et al., 1995), algal 
ch lorop las t  g e n o m e s  have  been  f o u n d  to encode  m a n y  m o r e  genes  than  
those of  land  plants .  These  sequences  s h o u l d  p r o v i d e  in teres t ing insights  
into the evo lu t ion  of  chloroplas ts .  
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