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INHERITANCE AND DIVERSITY OF PGI
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Abstract Inheritance of PGl isozymes in chestnut species was analyzed using isoelectric fo—
cusing on thin-layer polyacrylamide slab gels and single-tree progeny method. T hree alleles at
one Pgi locus ( Pgi-1) were found to be codominantly inherited. T wo additional alleles were
detected in samples of natural populations. Considerable variations in allele frequency and
heterozygosity were found in populations of the American (Castanea dentata) and Chinese
(C. mollissima) chestnut species. Heterozygosity at the Pgi locus was generally higher in
Chinese than in American chestnut. Significantly higher heterozygosity of the Pgi was detect—
ed in the southernmost location of the natural range of the American chestnut. The highest
and low est heterozygosity was observed in Chinese chestnut populations from the Changjiang
River and southeast region of China, respectively.
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Considerable efforts are underw ay to develop a linkage map of chestnut genome integrating 5 mor—
phological, 3 isozyme, 14 RFLP and 177 RAPD markers "“* . Because of the codominant nature and low
sampling cost of allozymes, these markers have been used extensively in studies of the genetic diversity
and gene struciure in natural populations * . Polymorphic isozyme lod in American (Castanea dentata
Borkh.) and Chinese chestnut (C. mollissima Bl.) species were evaluated using controlled crosses and
the single—treeprogeny method of Gillet *. The singledreeprogeny method proved successful for
isozyme genetic studies * . As part of our continuous efforts to evaluate the genetic diversity and popula—
tion structures of chestnut species, the inheritance and variability of phosphoglucoisomerase (PGI)
isozyme in American and Chinese chestnut was studied. PGI is known to be a dimeric protein and two
loci are usually found in plants, one specific to the plastid and the other to cytoplasm ®’ . Fineschi et

al- ® reported the presence of one PGI zone with 3 alleles in the European chestnut (C. sativa Mill. ).

1 Materials and Methods

Single—tree—progeny families derived from five Chinese cultivars were used for genetic analysis

( Table 1) . Open-pollinated seeds were randomly harvested from each parent tree. Enzymes were ex—
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tracted from cotyledon tissue and were assayed for PGI using an isoelectric focusing polyacrylamide gel
system with pH 4 9° and the staining protocol of Wendel and Weeden ' with modification of 1% a-
garose overlay. X’ tests were used to determine the goodness-of fit of the segregation ratios to the ex—

pected relationships of progeny genotypes ( Table 1).

Table 1 Genetic analysis at the PGI locus using single-tree-progeny in Chinese chestnut cultivars

Maternal tree Progeny genotype Ex pected progeny v
Name Genotype Total ac cc ce ae ee cd relations hip”
Crop per ce 50 15 28 7 N.= N.+ N,, 0. 50N
Homestead ce 85 23 13 26 20 2 I Na= Ne 0. 09s
Ex pected progeny
genotype
A22 ce 50 38 12 cc, ces ac
Black Beauty cc 50 30 20 cc, ces ac
Leader cc 50 36 14 ccs ces ac

* N=Total number of progeny genotype; NS. Nonsignificant-

American and Chinese chestnut populations were assayed for PGI polymorphism. Winter dormant
or summer mature buds from 20 50 different trees, randomly collected in the natural range of the
American chestnut, were used for enzyme extraction and assayed for PGl as described. The Northern
population consisted of 11 trees collected in Connecticut and 14 trees in New York. The Central and
Southern populations were cllected in West Virginia and Alabama, respectively (T able 2) . Three popu—
lations of the Chinese chestnut were obtained from the China National Chestnut Germplasm Plantation
and Hubei A cademy of Agricultural Science.- These populations consisted of seedlings derived from open
pollinated trees of each regional cultivar plantings. T he US naturalized population of the Chinese chest—
nut consisted of the third generation seedlings derived from seeds introduced in 1933 by USDA from
China to Alabama. Dormant buds were used for enzyme extraction. Allele frequencies and observed he—
terozygosity (h,,) and unbiased expected heterozygosity (h.) values '' were estimated for each popula—

tion.

Table 2 Allelic frequencies and heterozygosity at Pgi in populations of the

American and Chinese chestnut

Population P()p;lilzztion Pgia Pgi-b Pgi« Pgid Pgi-e ho, hex

Chinese chestnut

Northern population 25 0. 060 0. 000 0. 640 0.000  0.300 0.560 0. 507

Chan gjiang river pop ulation 24 0. 083 0. 042 0. 625 0.042  0.229 0. 625 0.558

Southeast population 20 0. 050 0. 000 0. 800 0.000  0.150  0.400 0.344

US naturalized population 20 0.075 0. 000 0. 700 0.000  0.225 0. 600 0. 465
American chestnut

Northern population 25 0. 000 0. 000 0.900 0. 000 0. 100 0. 200 0. 184

Central population 22 0. 000 0.018 0.911 0.018 0. 054 0.179 0. 170

Southern population 20 0. 000 0. 000 0. 550 0. 000 0.450 0. 500 0.508

2 Results and Discussion

Results indicated that chestnut tissues show ed one polymorphic PGI zone (Fig. 1). Single—or triple—
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Fig 1 Interpretative drawing of zymogram and allelie (quantitative test for singledreeprogeny). The

definition of PGI isozymes extracted from chestnut seeds

other Chinese chestnut cultivars, A2-2, Black

Beauty and Leader, are single-banded homozygote which can be used for qualitative single-tree—progeny

test only. Results shown in Table 1 are consistent with the hypothesis that one codominant locus with

three alleles controlling the variants of PGl phenotypes. The most anodal allozyme was designated as al-

lele @ and the other alleles as ¢ and e ( Fig- 1). T he ae genotype exhibited a five-banded phenotype pat—

tern. This could reflect the presence of a second locus (Pgi-2) overlapping with the Pgi-lc. The bands
between a & ¢ and ¢ & e could reflect the following intergenic dimers Pgi-a Pgi2a and Pgi- e

12 and

Pgi-2a.Heterodimeric five banded PGI patterns have been extensively studied in Clarkia species
were examined using stem and pollen tissues- Additional studies are needed to clarify the heterodimeric
banding patterns observed in the Chinese chestnuts. Two other alleles were found in population samples
of the American and Chinese chestnuts and tentatively assigned as b and d. Fineschi et al. 3 reported
that only one PGl zone could be revealed and three alleles were found in European chestnut. Consider—
able variation in allele frequencies and heterozygosity levels were detected in both the American and Chi-
nese chestnut populations (T able 2) . Allele a was not detected in any populations of the American chest—
nut, while allele frequencies of 5% 8. 3% were found in Chinese chestnut populations. Allele ¢ was the
most common allele in both species- Heterozygosity of Pgi—l was generally higher in the Chinese as
compared to the American chestnut (Table 2).T his is concordant with previous isozyme studies that
showed Chinese chestnut, particularly populations in Changjiang River region,is the most genetically di-
verse species in genus Castanea '* . A surprisingly high heterozygosity was noted in the population col—
lected in Macon county, AL, the most southern location in the natural range of the American chestnut-
The reason for this is unclear and needs additional study. Difference of P gi—1 heterozygosity levels was
also detected among populations of the Chinese chestnut. A remarkably low er heterozygosity was found
for the southeastern China population. T his might have been the result of clonal propagation of only a
few commerdial cultivars in that area of China '*. Chinese chestnut trees have been introduced into the
United States since last century as a source of resistance to chestnut blight ( Cryphoneciria parasi—
tica) ® .M ost introduction show ed a high level of resistance to the fungus and are grown across the US.
Although the breadth of the genetic base of the introduction continues to be debated ', our results indi-
cate that the naturalized populations of Chinese chestnut have a similar level of heterozygosity at the
Pgi-1 locus as other Chinese chestnut populations ( Table 2) .M ore markers are needed to accurately

evaluate the overall genetic diversity of the American and Chinese species.



References

Mulcahy D L, Bernatzky R. Speeding restoration of the American chestnut by using genetic markers in a back—
crossing program: an homage to Dr. Charles Burnham. J A mer Chestnut Foundation. 1993,7:33 36

Kubisiak T L- M olecular markers linked to resistance to Chryp honectria parasitica in chestnut- J A mer Chestnut
Foundation, 1995,9: 34 43

Hamrich J L, Godt M J W, Sherman-broyles S L. Factors influencing levels of genetic diversity in woody plant
species. N ew Forests, 1992 6:95 124

Gillet E. Genetic analysis using single tree progenies. In: Fineschi S, M alvolti M E, Cannata F et al- eds. Biochemi-
cal Markers in the Population Genetics of Forest Trees. The Hague, The Netherlands: SPB Academic Publishing
bv, 1991.

Huang H, Dane F, Norton J D. Genetic analysis of 11 polymorphic isozyme loci in chestnut species and characteri—
zation of chestnut cultivars by multidocus allozyme genotypes. J Amer Soc Hort Sci, 1994, 119: 840 849
Gottliet L D. Conservation and duplication of isoenzymes in plants. Science, 1982,216: 373 380

Murphy R M, Sites ] W Jr, Buth D G et al. Proteins: Isozyme electrophoresis. In: Hills D M ,M oritz C,M able B K
eds- Molecular Systematics-Sunderland> MA: Sinauer Associates, Inc- Publishers, 1996. 51 120

Fineschi S,Gillet E, Malvolti M E. Genetics of sweet chestnut ( Castanea sativa Mill) 3. Genetic analysis of zymo—
grams of single tree off spring- Silvae Genetica, 1990,39:5 6

Mulcahy D L, Robinson R W, Thara M et al. Gametophytic transcription for acid phosphatase in pollen of Cucurbita
species hybrids. J Hered, 1981,72:353 354

Wendel ] F, Weeden N F. Visualization and interpretation of plant isozymes. In: Soltis D E, Soltis P S eds.
Isozymes in plant biology. Portland, Ore: Dioscorides Press, 1989.5 45

Nei M. Estimation of average heterozygosity and genetic distance from a small number of individuals. Generics,
1978, 89: 583 590

Weeden N F, Gottliet L D. Distinguishing allozymes and isozymes of phosphoglucoisomerases by electrophoretic
com parisons of pollen and somatic tissues. Biochemical Genetics, 1979,17: 287 296

Huang H, Dane F, Norton J D. Allozyme diversity in Chinese, seguin and American chestnut ( Castanea spp-) -
T heor Appl Genet, 1994, 88: 981 985

Liu L, CaiJ H, Zhang Y H. Chestnut- ( 2nd ed) (in Chinese) - Beijing, China: Science Press, 1988.137 141
Rutter P A, Miller G, Payne J] A. Chestnut. In: Moore J N, Ballington J R Jr eds. Genetic Resources of T em perate
Fruit and Nut Crops. W ageningen, the Netherlands: Intl Soc Hort Sci, 1990. 761 788

PGI

NN | 2 N 1
# >  Fenny Dane” ZIFAE
(1 430074)
(2 Department of Horticultures A uburn University Auburn AL 36849 U.S. A.)

) PGI
Pgi (Pgi-l) 3
2 (Castanea dentata) (C. mollissima) Pgi
Pgi
, Pgi s Pgi



