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With the advent of molecular techniques in biol- 
ogy, especially PCR amplification, it is possible to 
compare the patterns of intra- and interspecific varia- 
tion in homologous genes between related species 
without difficulty. This kind of study on sibling species 
of Drosophila has opened new areas in population and 
evolutionary genetics (McDonald and Kreitman 199 1; 
Ohta 1993). The evolutionary history of Drosophila 
species and genetic mechanisms in the speciation pro- 
cess have been discussed in great detail. In order to 
infer the genetic and evolutionary mechanisms of or- 
ganic evolution in general, studies on organisms other 
than Drosophila, especially plants, are necessary. Pop- 
ulation studies of plant species have been hampered 
because of experimental difficulties associated with 
plants. However, the situation has been changing as the 
molecular biology on plants grows rapidly. 

Here we report intra- and interspecific variations in 
the alcohol dehydrogenase (Adh) locus of wild plant 
species Arabis gemmifera and Arabidopsis thaliana. 
Molecular biology of A. thaliana is one of the fastest 
growing fields of biological science. It is possible to take 
advantage of accumulating information on A. thaliana 
for population studies of A. thaliana itself and related 
plant species. Alcohol dehydrogenase (ADH; alcohol : 
NAD+ oxidoreductase, EC 1.1.1.1) is one of the most 
investigated enzymes in plant species including Arabi- 
dopsis, wheat, rice, maize, and pearl millet (Gottlieb 
1982; Dennis et al. 1984; Chang and Meyerowitz 1986; 
Gaut and Clegg 1993; Hanfstingl et al. 1994). It is 
known that Adh in plants is expressed in response to 
anaerobiosis (Sachs, Freeing, and Okimoto 1980). In na- 
ture, this gene could be adaptively important for re- 
sponding to environmental changes such as flooding. 
Because the genus Arabis is phylogenetically classified 
as close to Arabidopsis thaliana (2n = 2.x = lo), it was 
expected that PCR amplification based on an A. thaliana 
sequence could be used to clone and sequence genes of 
interest from the Arabis species. By using PCR primers 
based on the A. thaliana Adh sequence (Chang and Mey- 
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erowitz 1986), a 2.5kbp PCR product containing the 
entire coding sequence was obtained from five Arabis 
species sampled from around Japan. Among the five Ar- 
abis species, A. gemmifera (2n = 2x = 16) was chosen 
for a population study based on its wide distribution and 
diploidy. Arabis gemmifera is a wild crucifer commonly 
found in the mountain areas of the temperate zone and 
sea shores of the frigid zone in the Japanese Islands and 
Korean Peninsula. 

Eight samples of A. gemmifera were collected in 
May 1994 in Hiroshima (accession code Uga), Oka- 
yama (Hukiya), Hyogo (Ohtani), Osaka (Minou), Kyo- 
to (Umenoki), Yamagata (Hukasawa and Mazawa), and 
Akita (Yatate) Prefectures in Japan. Sampling locations 
are at least 40 km apart, and farthest apart Hiroshima 
and Akita samples are about 1,000 km away in a 
straight line. Seeds of five wild ecotypes of A. thaliana 
sampled in Germany (accession code Aa-0), Libya 
(Mt-0), Canada (Pog-0), and Japan (Shokei and Hiro- 
shima) were obtained from the Miyagi Arabidopsis 
Stock Center, Miyagi Kyoiku University, Sendai, Ja- 
pan. Total DNA was extracted by a modified CTAB 
method (Terauchi and Konuma 1994). The number of 
Adh genes per genome in A. gemmifera was examined 
by digesting total DNAs with several 6-cutter restric- 
tion enzymes. Hybridization with the A. thaliana Adh 
clone resulted in one or two bands in autoradiograms. 
For the restriction enzymes producing two bands, the 
presence of a single restriction site for those enzymes 
in the amplified region was confirmed in obtained nu- 
cleotide sequences. These results indicate that the copy 
number of Adh in A. gemmifera genome is one, as in 
A. thaliana (Chang and Meyerowitz 1986). Thus, the 
PCR amplification and nucleotide sequencing of the 
products are not complicated with the multiplicity of 
this gene in the genome. The primer sequences for PCR 
amplification for the entire 2.5kb Adh region are 5’ 
AAT GTC TAC TAT CCC TTA AT 3’ (sense) and 5’ 
TGG CGA CTC GAA ACG GCT 3’ (antisense). Tem- 
plates for sequencing were PCR products amplified 
from the total DNAs and/or cloned PCR products in 
plasmid pUC 18. Primers for sequencing reactions were 
designed in 250-300-bp interval based on A. thaliana 
and A. gemmifera sequences. Sequences were deter- 
mined in both directions with a DNA sequencer (ABI 
373). The ODEN package (DDBJ, National Institute of 
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thaliana. In the interspecific comparison, fixed synon- 
ymous substitutions were detected more frequently 
than nonsynonymous ones. Fisher’s exact test was used 
to test the correlation between patterns of polymor- 
phism and divergence. Tests involving within-A. gem- 
mifera polymorphism gave significant results (between 
vs. within A. gemmifera, P < 10m4 and within A. gem- 
mifera vs. within A. thaliana, P < 0.05). Significance 
was not detected in the comparison of between species 
vs. within A. thaliana. Obviously, a higher level of 
nonsynonymous polymorphic sites in A. gemmifera is 
responsible for the discordance and is unexpected from 
the previous population studies at the DNA level (Ki- 
mura 1983). However, a relatively high level of non- 
synonymous polymorphic sites has been detected in 
some plant species. In Clarkia Zewisii, Thomas et al. 
(1993) reported that five nucleotide changes detected 
in the entire coding region between two allozymic 
forms of the phosphoglucose isomerase (PgiC) were all 
nonsynonymous. In a short segment (262 bp) of the 
fourth exon of Adh in A. thaliana, 6 out of 14 poly- 
morphic nucleotides were found nonsynonymous 
(Hanfstingl et al. 1994). Further investigation is needed 
to obtain a general picture of molecular polymorphism 
in plants. 

The patterns of polymorphism in A. thaliana and 
interspecific divergence between A. thaliana and A. 
gemmifera are typical in the proportions of synony- 
mous and nonsynonymous changes (Kimura 1983). It 
can be assumed that the Adh gene had been under pu- 
rifying selection in the speciation process of these two 
plants and in the micro-evolutionary lineage of A. thal- 
iana. Synonymous substitutions could have been al- 
lowed to accumulate more than nonsynonymous sub- 
stitutions because of selection. In order to account for 
the unexpected high proportion of nonsynonymous site 
polymorphisms in A. gemmifera, two explanations 
would be possible. One is the change of selection re- 
gime. After A. gemmifera was established as a species 
in its present ecological niche, the selection pressure 
might have been relaxed or reversed to start retaining 
nonsynonymous mutations in populations. Actually, 
these two species occupy different ecological niches. 
Arabidopsis thaliana is found in dry and open space, 
whereas A. gemmifera prefers shady and moist habitats. 
Their different ecologies could be related to the differ- 
ent selection scheme. The other explanation is the re- 
duction of effective size and limited migration after the 
establishment of A. gemmifera. Nonsynonymous (may- 
be slightly deleterious) mutations could have been 
fixed in populations of reduced effective size (Ohta 
1973). Skewed distribution of polymorphic nucleotide 
sites toward rare alleles is consistent with this expla- 
nation (Taiima 1989b). At nresent, a survev on a larger 
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scale with more samples of A. gemmifera and the other 
Arabis species on the Adh region is under way to dis- 
cuss the evolutionary history and population structure 
of Arabis species in more detail. 
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