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Abstract-In order to clarify the genetic basis for chemical variations of the volatile oil components in Perilla 
frutescens, the F, and Fz progenies of the artificial hybrids between the following different chemotypes have been 
examined individually for chemical compositions of the volatile oils extracted from the leaves: PA (perillaldehyde), EK 
(elsholtziaketone), PK (perillaketone) and PP (phenylpropanoid) types. The results of the genetic experiments have 
clearly demonstrated that the chemical composition is controlled by a series of multiple alleles (G,, G2, g) and an 
independent pair of alleles (H, h). The presence of either G1 or G2 is essential for initiating the biosynthesis of any 
monoterpenoids in Perilla plants. However, G1 and G2 function differently in determining the kinds of monoterpenes 
to be produced; G1 that produces the EK type is dominant over G2 that produces the PK type, while the homozygous 
recessive (gg) plants produce characteristic phenylpropanoids (myristicin, dillapiol, elemicin) in place of the 
monoterpenoids. In the presence of G1 or Gz, plants homozygous for the dominant allele H (G-HH) produce volatile 
oil of the PA type, whereas those heterozygous for H (G-Hh) accumulate a large amount of L-limonene which is 
considered to be an intermediate metabolite in the biosynthesis of perillaldehyde. The roles of these genes are discussed 
in relation to the biosynthetic pathways. 

INTRODUCYION 

Perilla frutescens, an annual herb cultivated extensively in 
Japan both as a spice and a crude drug, consists of several 
chemical verieties which differ in the constituents of the 
volatile oils in leaves. Ito [ 1] has classified these varieties 
into four chemotypes on the basis of the main com- 
ponents of the volatile oils, viz. perillaldehyde (PA), 
furylketone (FK), citral (C) and phenylpropanoid (PP) 
types, while Nagao et al. [2] have reported the existence of 
PA, PP, perillaketone (PK) and elsholtziaketone (EK) 
types in a collection of local varieties or strains. Recently, 
we have carried out GC analysis of the volatile oils of 215 
strains of Perilla collected from various parts of Japan to 
group them into five distinct types: PA, EK, PK, C and PP 
[3]. These chemotypes proved to be genetically stable, 
showing no segregation for the chemical composition in 
the self-pollinated progenies. However, a newly found 
‘LPA type’ that contains L-limonene as a main component 
and perillaldehyde as a minor one, has been shown to be a 
natural hybrid. To elucidate the genetic mechanism for 
the chemical differences in volatile oils, we undertook 
breeding experiments with these five chemotypes. The 
present paper reports for the first time that the chemical 
diversity is caused by two pairs of independent genes. 
Also, the validity of the hypothetical biosynthetic path- 
ways leading to various components of Perilla oil is re- 
examined in view of the genetic data. 

RESULTS 

From the results of GC analysis, the parental strains 
used for the cross experiments were classified into four 
chemotypes according to the major components of vol- 

atile oils (Table 1). These chemotypes can be clearly 
distinguished by their characteristic components; the PA 
(perillaldehyde) type containing perillaldehyde and L- 
limonene as the two major components, the EK (elsholt- 
ziaketone) type containing mainly elsholtziaketone with 
naginataketone as a minor component, the PK (perilla- 
ketone) type containing perillaketone and a small amount 
of isoegomaketone and the PP (phenylpropanoid) type 
with little or no monoterpenoids but phenylpropanoids 
(myristicin, dillapiol and elemicin). 

Intercrosses were made between the four chemotypes 
PA, PK, EK and PP. Table 2 shows the F, and Fz data 
obtained from these intercrosses. 

PPxPA 

In the crosses between PP and PA strains, the pheno- 
types of both F1 and F2 plants varied with the parental 
strains. In the case of 16 (PP) x 75 (PA), the F1 plant was 
of the PA type which gave, in the F2 generation, PA and 
PP type plants in a 3: 1 ratio. On the other hand, the cross 
5 (PP) x 9 (PA) or 12 (PP) x 32 (PA) gave F1 plants of the 
LPA type containing L-limonene as a major component 
and perillaldehyde as a minor one of the volatile oil. In F1, 
four different types PA, LPA, PK and PP appeared in a 
ratio of 3: 6: 3:4. These results could be tentatively 
explained by assuming that all the PA strains (9, 32, 75) 
were homozygous for two pairs of dominant alleles 
(GGHH), whereas the genotypes of the PP strains were 
either ggHH (strain 16) or gghh (strains 5 and 12). Here 
the presence of a dominant allele G1 or Gz is considered to 
be essential for the production of any monoterpenes, and 
the phenotypes PA, LPA, and PK would be expressed by 
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Scheme 1. Possible reaction steps controlled by multiple alleles, G, and Gz, and another allele H in the hypothetical 

bisoynthetic pathways of the volatile oil constituents of Perilla frutescens.e, Promotion; 0, inhibition. 

mesh) at a column temp. of 170”, N, at 30 ml/min, FID 
[3, 12-141. The major compounds of volatile oils were identified 

by their RR, (perillaldehyde = 1) and by comparison with 

authentic samples [3,12-141. 

REFERENCES 

1. Ito, H. (1970) Yakugaku Zashi 90,883. 
2. Nagao, Y., Komiya, T., Fujioka, S. and Matsuoka, T. (1974) 

J. Takeda Res. Lab. 33, 111. 
Acknowledgement-This study was supported in part by a grant 3. Koezuka, Y., Honda, G. and Tabata, M. (1984) Shoyakugaku 

from the Ministry of Agriculture, Forestry and Fisheries, Zasshi 38, 238. 

Japanese Government. 4. Hegnauer, R. (1966) in Chemotaxonomie der Pflanzen, Band 



Volatile oils of Perilla 863 

4, pp. 310-311. BirkMuser, Basel. 
5. Kjonaas, R. and Croteau R. (1983) Arch. Biochem. Eiophys. 

220, 79. 
6. Murray, M. J. and Reitsema, R. H. (1954) J. Am. Pharm. 

Assoc. 43, 612. 
7. Murray, M. J., Lincoln, D. E. and Hefendehl, F. W. (1980) 

Phyfochemisrry 19, 2103. 
8. Murray, M. J. and Hefendehl, F. W. (1973) Phytochemistry 

12, 1875. 

9. Wilson, B. J., Garst, J. E., Lnnabary, R. D. and Channel, R. B. 
(1977) Science 197, 573. 

10. Seto, T. A. and Keup, W. (1969) Arch. Inc. Pharmacodyn. l&I, 
232. 

Il. Koezuka, Y., Honda, G. and Tabata, M. (1984) Shoyakugaku 
Zasshi 38, 233. 

12. Ito, H. (1964) Shoyakugaku Zasshi 18, 58. 
13. Ito, H. (1966) Shoyakugaku Zasshi 20,73. 
14. Ito, H. (1968) Shoyakugaku Zasshi 22, 151. 


