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Genetic Variation of Several Isoenzymes in
Pinus densiflora for. multicaulis'*
Jae Woo Hwang® and Seok Woo Lee®
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ABSTRACT

Isozyme variations in 4 enzyme systems in Pinus densifiova for. multicaulis in 31 individual trees col-
lected throughout the country were studied by starch gel electrophoresis using haploid megagametophyte
tissue to compare with those of Pinus densiflora. A minimum of 7 loci were found to code for isozymes
of the enzyme systems. No variation was found at locus GOT-A; at the remaining 6 variable loci
(GDH-A, GOT-B, GOT-C, IDH-A, LAP-A, LAP-B) and 2 to 4 alleles were identified. We could
not find any marker alleles to distinguish Pinus densiflora for. multicaulis from Pinus densiflora at the
isozymes studied here. Allele frequency distributions at each loci were almost all the same as those
of P. densiflora.

The percentage of polymorphic loci(99% level), the number of alleles per locus, the observed and
expected heterozygosities were 83.7, 2.3, 0.165 and 0.186%, respectively. The level of genetic
diversity in Pinus densiflora for. multicaulis seemed to be less than that of P. densiflora.
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Table 1. Locations of sample trees tested.

- Tree No. Location
1 Jikdongri, Soheolmyon, Pocheungun, Kyonggi (Kwangnung Arboretum)
2 "
3 "
4 "
5 Omokcheondong, Suweonsi, Kyonggi (Inst. For. Genet.)
6 "
7 Woelkokri, Dongmyon, Chunseonggun, Kangwon
8 Kyo-2-Dong, Kangroungsi, Kangwon
9 Ryuchunri, Bukmyon, Chongsongun, Kangwon
10 Soohueri, Sangmomyon, Jungwongun, Chungbuk (Cent. Breed. Sta.)
11 Dukmyongdong, Yooseonggu, Taejeon (Chungnam Exp. For. Sta.)
12 Okcheonmyon, Cheonweongun, Chungnam (Independence Hall
13 v
14 Taedong, Kyeongsansi, Kyungbuk (Yeungnam Univ. Campus)
15 Baebandong, Kyongjusi, Kyungbuk (Kyungbuk Exp. For. Sta.)
16 y
17 3
18 Naenammyon, Kyongjugun, Kyunghuk (Waryong-Sa)
19 Yangbukmyon, Kyongjugun, Kyungbuk (Kirim-Sa)
20 Waesongri, Sinanmyon, Sanchunggun, Kyungnam
21 Kajwadong, Jinjusi, Kyungnam (Kyungsang Univ. Campus)
29 "
23 Sinandong, Jinjusi, Kyungnam (Changmi Nursery)
24 "
25 v
26 Waesongri, Sinanmyon, Sanchunggun, Kyungnam
27 Samgongri, Seolcheonmyon, Mujugun, Chunbuk
28 Masanmyon, Kuryegun, Chunnam (Hwa-Um temple)
29 "
30 ”
31 "
Table 2. Buffer systems used for electrophoresis
System Gel B buffer Electrode buffer
B Tris citrate [pH 8.7]1 Sodium borate {pH 8.2]
Formulation H0 (D.W.) 1,000ml H.O (D.W.) 1,000ml
Tris 0.076M Boric acid 0.299M
Citric acid 0.0068M Sodium hydroxide 0.063M
Procedure Use as is Use as is
C Tris citrate [pH 7.0] Same as gel buffer
Formulation H:0 (D.W.) 1,000ml
Tris 0.07TM Same as gel buffer
Citric acid 0.021M
Procedure To use, 9:1 (D.W. :buffer) Use full strength
dilution

Table 3. Enzymes assayed, their abbreviations, Enzyme Commission(EC) designations, and number

of loci scored.

Enzyme Abbreviation E.C. designation No. of loci scored
1. Glutamate dehydrogenase GDH 1.4.1.2 1
2. Glutamate - oxaloacetate transaminase GOT 2.6.1.1 3
3. Isocitric dehydrogenase IDH 1.1.1.42 1
4. Luecine aminopeptidase LAP 3.4.11.1 2
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Fig. 1. Schematic diagram of electrophoretic phenotypes for 7 loci in Pinus densiflora for. multicaulis.
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Table 4. Allele frequencies at 7 loci in Pinus densiflora for. multicaulis
GDH-A GOT-A GOT-B GOT-C IDH-A LAP-A LAP-B
1 0.964 1.000 0.135 0.018 0.845 0.759 (0.846
2 0.036 0.019 0.155 0.155 0.190 0.154
3 0.846 0.017
null (0.034
Table 5. Genetic variability at 7 loci of Pinus densiflora for. multicaulis.

(Numbers in parentheses are standard error)

Mean sample Mean no. of

Percentage of

Mean heterozygosity

size per locus alleles per locus loci polymorphic* Observed Expected**
271.7 2.3 85.7 .165 . 186
( .5 (.4 (.057) { .056)

* A locus is considered polymorphic if the frequency of the most common allele does not exceed .99

" Unbiased estimate(Nei, 1978)
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