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Abstract. DNA hybridization techniques showed Chlorella 
fusca vat. vacuolata and C. kessleri to be homogeneous 
species with DNA homologies of 90-100%.  C. fusca var. 
fusca and vat. rubescens, however, have only about 15% 
DNA homology with C. fusca var. vacuolata and should no 
longer be regarded as varieties. A good correlation was 
found so far between biochemical and physiological 
characters used in the taxonomy of Chlorella and DNA 
relatedness. Mutant strains of Chlorella were tested for DNA 
homologies to prove the reliability of the taxonomical inter- 
pretation. 
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DNA hybridization experiments have shown that two 
species of the unicellular green alga Chlorella, i.e.C, soro- 
kiniana and C. saccharophila, are composed of rather hetero- 
geneous groups of strains (Huss et al. 1986, 1987). This has 
also been indicated by studies of DNA base composition 
and some biochemical and physiological properties (for re- 
views see Kessler 1982, 1984). On the other hand, C. fusca 
and C. kessleri proved to be homogeneous species in 
all characters so far investigated. For C. fusca, however, 
this holds only for the variety vacuolata, while 
C. fusca var. fusca and vat. rubescens can be discerned e.g. 
by a lower degree of acid tolerance, inability to produce 
exoamylases for the hydrolysis of starch, and DNA base 
composition (Kessler 1984). Accordingly, low DNA 
homologies were found by Kerfin and Kessler (1978) be- 
tween the three varieties. It was unexpected, however, that 
DNA homologies within C. fusca var. vacuolata partly were 
rather low (for example 25% between strains 21 l-8b T and 
21 l-Sg). On the other hand, homologies of about 50% were 
found with C. zofingiensis, a species quite different in bio- 
chemical as well as physiological properties. This discrep- 
ancy caused us to reexamine the results of Kerfln and Kessler 
(1978) concerning C.fusca. 

C. kessleri is another species with homogeneous bio- 
chemical and physiological properties. Some strains had 
been assigned before to C. vulgaris, but are clearly separated 
by the possession of hydrogenase, higher acid but lower salt 
tolerance, and the inability to ferment glucose to lactate 
(Kessler 1984). DNA hybridizations should confirm the 
homogeneity of this species. 

Offprint requests to: V. A. R. Huss 

Table 1. List of strains studied, their origin and DNA base composi- 
tion 

Species Strain Origin" G + C  
content 
(tool%) b 

Chlorella fusca var. 
vacuolata Shihira 
and Krauss 

C. fusca var. fusea 
Shihira and Krauss 

C. fusca var. ru- 
bescens (Dangeard) 
Kessler et al. 

C. kessleri Fott 
and Nov/tkovfi 

C. zofingiensis 
D6nz 

211-8a  G6ttingen 51.7 
211-8b T G6ttingen 51.6 
211-8c  G6ttingen 51.5 
211-8e  G6ttingen 52.0 
211 /8g  Cambridge 51.8 
211 /8h  Cambridge 51.4 
211-1 lm G6ttingen 51.4 
211-11n G6ttingen 51.7 
211-15 G6ttingen 51.3 
C-I.I.10 Bethesda 51.3 

C-1.1.10.6 ~ Allen 55.5 
C-1.1.10.31 c Allen 54.5 
C-1.1.10.36 c Allen 55.6 

343 Austin 55.7 

2 3 2 / 1  Cambridge 56.8 

211-11g T G6ttingen 55.1 
211-11h G6ttingen 55.1 
397 Austin 55.3 
398 Austin 54.2 
C-1.1.1 Bethesda 55.7 
C-I.1.12 Bethesda 54.8 
C-1.2.2 Bethesda 54.1 

211-14a r G6ttingen 49.7 

a G6ttingen, Algensammlung des Pflanzenphysiologischen Instituts 
der Universit~it, G6ttingen, FRG; Cambridge, Culture Centre of 
Algae and Protozoa, Cambridge, UK; Bethesda, culture collection 
at Bethesda, Maryland, USA; Austin, culture collection of algae, 
Austin, Texas, USA (formerly Bloomington, Indiana, USA); Allen, 
M.B. Allen, Bethesda, Maryland, USA 
b Escherichia eoli B (G + C content: 52.0 mol%; Gillis et al. 1970) 
was used as reference. 
c UV-mutant strain of C.fusea var. vacuolata C-1.1.10 (Bendix and 
Allen, 1962; Allen 1963) 
T Type strain 

The knowledge of the resolution and sensitivity of the 
methods employed is of great importance for the interpreta- 
tion of results. We therefore were interested in the influence 
of experimentally induced mutations on DNA homologies. 
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Table 2. DNA homologies, of Chloreltafusea var. vacuolata using the renaturation rate-method 

Strain Degree ofbinding (%D)with 

211-8a 211-8c 211-8e 211-8g 211-8h 211-11m 211-11n 211-15 C-1.1.10 

211-8b T 93 97 94 93 93 93 106 94 90 
211-8a 93 107 95 . . . . .  
211-8c - 95 . . . .  100 
211-8e 99 - 104 87 96 - 
211-8g - 95 - 97 - 
211-8h - 95 - - 
211-11m 93 - - 
211-15 96 

- Not determined 

Table 3. DNA homologies of Chlorella fusca and C. zofingiensis 211-14a T using the membrane filter technique in 3 x SSC/formamide at 
60~ under optimal conditions (TM -- 25 ~ C, related to the melting temperature of the (aH)-labelled strain) 

Source of Degree of binding (%D) with (3H)-labelled DNA from 
filter-bound DNA 

211-8b T 211-8c 211-8e 211-8g 211-11m C-1.1,10 343 232/1 211-14a T 

211-8b T 100 85 102 96 92 107 15 17 12 
211-8e 112 82 100 106 101 110 17 - - 
211-8g 96 - 106 100 115 109 21 - - 
C-1.1.10 89 90 105 82 104 100 12 - 9 
343 16 8 10 8 9 14 100 - 11 
211-14a T 8 . . . . .  8 8 100 

- Not determined 

Minor  muta t ions  in the nucleotide sequence can cause 
obvious and serious phaenotypic  al terat ions which might  
mislead the descriptive taxonomis t  to create a new taxon for 
such an organism. The compar ison  o f  base sequences of  
whole genomes by D N A  reassociat ion should not  detect 
such minor  mutat ions  and instead reveal the high genotypic 
relat ionship to the wild type strain. To prove this hypothesis,  
we determined D N A  homologies o f  three out  of  a series o f  
mutan t  strains induced by UV-i r rad ia t ion  (Bendix and Allen 
1962; Allen 1963) and showing differences in pigmentat ion 
and requirement  of  glucose for growth. 

Materials and methods 

The same strains of  Chlorellafusca and C. kessleri described 
by Kessler (1978) and three mutan t  strains described by 
Kessler and Czygan (1966) were used in this s tudy (Table 1). 
Culture condit ions,  D N A  prepara t ion  and the determina- 
t ion of  D N A  base composi t ion and D N A  hybridizat ion 
have been described by Huss et al. (1986, 1987). 

Results and discussion 

In contrast  to the results of  Kerfin and Kessler (1978) all 
strains of  Chlorella fusca var. vaeuolata showed high D N A  
homologies of  about  9 0 - 1 0 0 %  determined with both  the 
initial renatura t ion  rate (Table 2) and the membrane  filter 
method (Table 3). This confirms the observed biochemical  
and physiological  homogenei ty  of  the species C. fusca vat.  
vaeuolata (Kessler 1984). On the other hand,  no significant 
relationship could be detected with C. zofingiensis 211-14a T. 

Table 4. DNA homologies of Chlorella kessleri using the renatura- 
tion rate method 

Strain Degree of binding (%D) with 

211-11h 397 398 C-1.1.1 C-1.1.12 C-1.2.2 

211-11g x 96 96 95 97 90 99 
211-11h 96 94 89 102 96 
397 98 103 105 105 
398 95 102 105 
C-1.1.1 100 97 
C-1.1.12 98 

The homology  of  about  10% is within the resolution limit 
o f  the method employed.  We cannot  acount  for the 
differences to the results of  Kerfin and Kessler (1978) in as 
much as we used the same strains. 

C. fusca var. fusca and var. rubescens are clearly 
separated f rom var. vacuolata by D N A  base composi t ion  
(Table 1) and by D N A  homologies o f  about  15% (Table 3). 
The rank of  varieties therefore seems not  to be justified as 
also stated by other  authors  (Fot t  et al. 1975, Kal ina  and 
PuncochArovfi 1987) after electron microscopical  in- 
vestigations. 

Table 4 shows that  all strains o f  C. kessleri, another  
species with uniform biochemical  and physiological  proper-  
ties, are highly related also at the D N A  level with homologies 
of  about  9 0 - 1 0 0 % .  The reults of  this and our preceding 
studies (Huss et al. 1986, 1987) demonstra te  a good correla- 
t ion between the chemotaxonomical  system developed by 
Kessler (1982, 1984) and the phylogenetic relationships re- 



Table 5. DNA homologies of Chlorellafusca var. vacuolata C- 1.1.1 O, 
C. kessleri C-1.1.12 and mutant strains induced by UV-irradiation 

Strain Degree of binding (%D) with" 

C-1.1.10.6 C-1.1A0.31 C-1.1.10.36 

C-1.1.10 30 38 33 
C-1.1.12 104 103 91 
C-1.1.10.6 102 99 
C-1.1.10.31 89 

a Degrees of binding (%D) were determined by using the renatura- 
tion rate method 

vealed by D N A / D N A  hybridizations. Strains identical in 
each of  the 10 characters which proved to be o f  taxonomic 
significance (Kessler 1984), as well as in base composition 
of  the DNA,  so far showed high D N A  homologies of  more 
than 80% indicating close relationship at the species level. 
Small variations within those strains have only been detected 
in such characters as the utilization of  organic carbon and 
nitrogen compounds  which have turned out to be unsuitable 
for taxonomic purposes in Chlorella (Kessler and Czygan 
1970; Kessler 1972). If, however, two strains can be dis- 
cerned by only one of  the main characters, substantial reduc- 
tion of  D N A  homologies follows (Huss et al. 1986, 1987). 
This may be a hint that the biochemical and physiological 
properties investigated by Kessler and coworkers are 
genetically stable and not due to minor mutations in the 
D N A  which should not be detected by our methods 
employed for D N A  reassociation. We therefore tested 
three out of  a series o f  mutant  strains induced by UV- 
irradiation of  C. fusca var. vacuolata C-1.1.10 with different 
phaenotypic appearance concerning the pigmentation 
(Bendix and Allen 1962; Kessler and Czygan 1966). Such 
mutant  strains have been used by some authors for studying 
e.g. genetic stability of  hydrogenase (Kessler and Czygan 
1966) or the connection between production o f  keto- 
carotenoids and sporopollenin (Burczyk and Hesse 1981; 
Burczyk and Czygan 1983). The D N A  base composition of  
the three mutant  strains is significantly higher (about 55% 
G + C) as compared to the wild type strain C-1.1.10 (51.3%) 
and is similar to that of  C. kessleri (Table 1). Accordingly, 
D N A  hybridizations showed no relationship to C.fusca var. 
vacuolata but instead about  100% homology with C. kessleri 
C-1.1.12 (Table 5). F rom this strain, UV mutants have also 
been induced (Allen 1963). We assume therefore that the 
wild type strains C-1.1.10 and C-1.1.12 may have been 
confused. We recommend not to use mutant  strains f rom 
this series for further studies before the identity in each 
case has been verified by D N A  hybridization. Taking into 
account that the wild type strain of  our mutants studied was 
C. kessleri C-1.1.12, the determined D N A  homologies o f  
about  100% between the four strains confirm our assump- 
tion that phaenotypic variations caused by minor  mutations 
of  artificial or recent natural origin have no influence on the 
overall D N A  homology. 
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