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Allozymic variation and genetic diversity in Malus hupehensis Rosaceae

KANG Ming HUANG Hong-Wen"
Wuhan Institute of Botany Chinese Academy of Sciences Wuhan 430074

Abstract Allozymic variation and genetic diversity were evaluated among nine wild and two cultivated
populations of Malus hupehensis using isoelectric focusing in thin-layer polyacrylamide slab gels. Twenty-
nine loci of 12 enzyme systems were detected and used for population genetic analysis revealing that the
distribution of allele frequencies of 25 loci were significant at P<<0.01. Nineteen locally rare alleles were
found in 10 populations sampled in the study. Of29 loci 11 37.9% were duplicate loci. A high level
of genetic diversity was detected in M. hupehensis with mean number of alleles per locus A =2. 127
percentage of polymorphic loci P =74.927 and mean expected heterozygosity He =0.376. The relative
magnitude of differentiation among populations is significantly higher than those of other long-lived woody
plants G, =0.224 . Compared with other Malus spp. this species has a moderate level of genetic var-
iability. Gene flow among populations is only Nm =0.866 suggesting that gene drift plays an important
role in influencing genetic variation and determining genetic structure.

Key words population genetics gene frequency genetic structure gene flow

Malus hupehensis
Rosaceae Maloideae Malus 94 % 1983

1995 Olien 1987 Schmidt
1974 2n =3X 1988  Schmidt 1988
=51 Sax 1931
Dermen 1936 Sampson 1969  Schmidt

KSCX2-SW-104 * 973" (G2000046806
2002 -05 -28 2002 -07 - 18
1973

* Author for correspondence E-mail hongwen@ public. wh. hb. en



377

1990
1990 1994
1996 1999
Benson & Lamboy 2001 SSR
65
1978 1993
1998
Castanea
Huang et al. 1998a Asimina  Huang et

al. 1998b Juglans ~ Fornari et al. 1999
Ruter et al. 1999

Cheng et al. 2000

Carya Myrica

Dickson et al. 1991

M. an-
gustifolia M. coronaria M.
joensts M. fusca
Lamboy et al. 1996
M. sieversii
1998
37 ~60 24
1989
100

Way et al. 1990 M. Sar-

gentii M. ishnoskit

Olien 1987 Schmidt 1988

Olien 1987

Batlle & Alston 1994

9
2
1
1.1
2001 9 ~10
9
2
20 ~25 20
20
2
1
1.2
Wendel & Weeden
1989 25 mg/120 L
5000 rpm 5 min
2000 1/2
Wendel & Weeden 1989
2 12
1.3
DIA IDH ME PGD PGI PGM
Weeden & Lamb 1985 1987
Weeden & Wendel 1989
1996 Huang et al. 1994 12
29
2
1.4
Nei 1987
Biosys-1 Swofford & Selander 1981

A
P He Nei 1973 Y



378

Biodiversity Science

1 11
Table 1  Location habitat and sampling size of 11 populations of Malus hupehensis
Population Location Altitude m Habitat Sampling size
. . . 1200 a1 . 20
Oudian Oudian Baokang County Hubei Hillside sparely grown in dense forests
Banmiao Zhengzi  Xingshan County Hubei 1200 Hillside sparely grown in shrubs 2
Dajiuhu Dajiuhu Shennongjia Hubei 1900 Riverside densely grown 21
Heping Zhengzi  Xingshan County Hubei 1200 Hillside sparely grown in shrubs 2
L . . 2000 . . . 15
Qianjiaping  Muyu Shennongjia Hubei Mountains summit densely grown in grassland
Houping Sanyang Xingshan Hubei 1400 Sparely grown in valleys =
. . 1400 _— . 21
Sanyang Sanyang Xingshan County Hubei Hillside sparely grown in shrubs
A
Taishan A Taishan Shandong 1540 Mountains summit densely grown =
B 1540 22
Taishan B Taishan Shandong Mountains summit densely grown
. A . e m 30 23
Jinshui A Institute of Fruit & Tea HAAS Germplasm nursery
B 30 21
Jinshui B Institute of Fruit & Tea HAAS Germplasm nursery
2

Table 2 The 12 enzymes and number of loci

Chinese name

English name and abbreviation

Code of enzyme

Number of loci

Acid phosphatase ACP E.C. 3.1.3.2 2
Alcohol dehydrogenase ADH E.C. 1.1.1.1 2
I NAD P H- Diaphorase DIA E.C. 1.6.2.2 3
Esterase EST E.C. 3.1.1.- 5
6- Glucose-6-phosphate dehydrogenase G6PDH E.C. 1.1.1.49 2
B- B-Galactosidase GAL E.C. 3.2.1.23 3
Isocitrate dehydrogenase IDH E.C. 1.1.1.42 1
Malic enzyme ME E.C. 1.1.1.40 1
6- Phosphogluconate dehydrogenase PGD E.C.1.1.1.44 2
Phosphoglucoisomerase PGI E.C. 5.3.1.9 2
Phosphoglucomutase PGM E.C. 5.4.2.2 4
Peroidase PRX E.C. 1.11.1.7 2
H, 12 29
H, D, 81
G,, Nei 1987 3
2
Pgd-1 Pgd-2
2.1 Est-5
1 11 Pgm-3 B Pra-1
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Fig.l1 Gel pictures of Malus hupehensis

a,ACP; b,ADH: c.DIA: d,EST; ¢.G6PDH; f,GAL; g.IDH; hME; i,PGD; j,PGl; k.PGM; |.PRX
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Table 3 Allele frequencies of 29 isozyme loci of Malus hupehensis populations
Population
Locus A B A B Xz
Oudian Banmian Dajiuvhu Heping Qianjiaping Houping Sanyang Taishan A Taishan B Jinshui A Jinshui B
Acp-1 102.414 ™
A 1.000 .667 .500 .667 .222 1.000 1.000 .667 .667 .522 .667
b . 000 .333 .500 .333 LT78 .000 .000 .333 .333 .478 .333
Acp-2 50.257*
a .351 .333 117 .409 .222 .319 .333 .333 .333 .565 .267
b . 684 .667 . 850 .591 . 645 .667 .667 . 667 .667 .435 . 650
c .084 .000 .033 .000 .133 .014 .000 .000 .000 .000 .083
Adh-1 174.740 "
a . 667 .333 . 667 .333 . 667 .333 .333 . 667 . 667 . 667 .667
b .333 .667 .333 .667 .333 .667 .667 .333 .333 .333 .333
Adh-2" 120.480 ™
a 1.000 1.000 . 667 1.000 1.000 . 667 .667 1.000 1.000 1.000 1.000
b .000 .000 .333 .000 . 000 .333 .333 .000 .000 .000 .000
Dia-1” 116.709
a .667 .667 .667 .667 .667 . 667 .667 .333 .455 .667 .667
b .333 .333 .333 .333 .333 .333 .333 .333 .333 .333 .333
c .000 .000 .000 .000 .000 .000 .000 .333 .212 .000 .000
Dia-2" 210.858
a . 150 .258 .873 .348 .667 .333 .571 .333 .333 .130 .383
b .367 .455 127 .258 .333 . 116 L1111 . 667 .652 .203 .583
c .483 .287 .000 .394 .000 .551 318 .000 .015 . 667 .034
Dia-3" 202.152*
a 117 .000 .508 197 .533 .377 .492 .333 .288 .217 .333
b .200 .697 .429 515 .222 . 406 .333 .667 .636 . 783 . 667
c .683 .303 .063 .288 .156 .217 175 .000 .076 .000 .000
d .000 .000 .000 .000 . 089 .000 .000 .000 .000 .000 .000
Est-1 .823%
a . 741 . 667 . 667 .667 .667 . 667 .667 .667 . 667 . 667 .667
b .259 .333 .333 .333 .333 .333 .333 .333 .333 .333 .333
Est-4” 21.218*
a . 667 . 667 . 683 .333 .756 .667 . 667 .667 .667 . 667 .667
b .333 .333 .317 . 667 .244 .333 .333 .333 .333 .333 .333
Est-5* 380.061 **
a .250 1.000 .079 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
b .733 .000 .921 .000 .000 .000 .000 .000 .000 .000 .000
c .017 .000 . 000 .000 .000 .000 .000 .000 .000 .000 .000
Est-6 150.891 ™
a . 544 .444 . 176 .379 .467 . 667 . 746 . 667 . 667 . 667 .500
b .316 .556 .456 .621 .533 .333 .254 .333 .333 .333 .500
c . 140 .000 .368 .000 .000 .000 .000 .000 .000 .000 .000
Est-7 64.403 "
a . 750 .667 .684 . 606 .378 . 667 . 746 .667 .333 .667 .567
b .250 .333 .298 .288 .533 .333 .254 .333 .667 .333 .433
c .000 .000 .018 . 106 .089 .000 .000 .000 .000 . 000 .000
G6pdh-1 98.368 **
a .018 .450 .333 .333 .333 .333 . 048 .333 .333 .333 .333
b . 088 .183 .333 . 667 .333 .333 .365 .333 .333 .333 .333
c . 894 .367 .333 .000 .333 .333 .587 .333 .333 .333 .333
G6pdh-2 108.261 ™
a .667 .365 . 460 . 606 .667 . 667 . 667 .667 .667 . 667 .583
b .000 .333 .333 .333 .000 .333 .349 .015 .333 .333 .417
c .333 .302 .207 .061 .333 .000 .254 .318 .000 . 000 . 000
Gal-1 91.991
a .316 .470 .383 .273 . 133 .261 .238 .333 .333 .333 .267

b . 684 .333 .517 .424 . 400 .420 .381 .333 .333 .450 .583




3 Table 3 continued
Population
Locus A B A B XZ
Oudian Banmian Dajivhu Heping Qianjiaping Houping Sanyang Taishan A Taishan B Jinshui A Jinshui B
c .000 . 197 . 100 .303 .334 .319 .365 .333 .333 .217 .150
d . 000 .000 . 000 . 000 .133 .000 .016 .000 . 000 . 000 .000
Gal-2” 96.345 "
a .450 .333 .233 .333 .333 .333 .222 . 667 . 667 .333 .350
b .483 .379 .467 . 667 .578 .595 .397 .333 .333 .580 .400
c . 067 .288 .300 .000 .089 .072 .381 .000 .000 . 087 .250
Gal-3 516.935 "
a 1.000 1.000 .286 .091 . 089 1.000 . 857 .333 .409 .000 .333
b .000 .000 .333 .788 .089 .000 . 143 . 667 .591 1.000 .767
c .000 . 000 .381 L1121 .T778 .000 .000 .000 .000 .000 .000
d .000 .000 .000 .000 .044 .000 .000 . 000 .000 .000 .000
1dh-2 50.167 ™
a .579 .561 .508 .531 .489 .394 .556 .333 .409 .565 .333
b .421 .439 .492 . 469 .489 .591 .428 . 667 .591 .333 .500
c .000 . 000 .000 .000 .022 .015 .016 .000 .000 .102 . 167
Me-1 120.530 ™"
a .250 .288 .333 .348 S112 .623 .175 .258 .576 .333 .333
b . 667 LT12 . 667 424 . 400 .377 .508 .560 424 .565 .484
c .083 . 000 .000 .288 .444 .000 .254 . 182 .000 .102 . 183
d .000 .000 .000 . 000 . 044 .000 . 063 .000 .000 .000 .000
Pgd-1
a 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Pgd-2
a 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Pgi-17 98.188 ™
a . 050 . 106 . 143 .273 . 133 . 000 . 095 .76 L1121 .333 .200
b .317 .318 .238 .333 .356 .333 .333 .273 .333 .333 .333
c .633 .576 .619 .394 .333 .609 .572 .651 .546 .333 .467
d .000 .000 .000 .000 .178 .058 . 000 .000 .000 .000 .000
Pgi-2* 160. 133 **
a .500 .333 .524 .030 .578 . 406 .524 . 667 .333 . 667 .333
b 467 . 667 .428 . 667 .422 .464 .365 .333 . 667 .333 . 667
c .033 .000 . 048 .303 .000 .130 111 .000 .000 .000 .000
Pgm-2"* 105.754 **
a . 667 .333 .333 .333 .333 .333 .333 .364 .333 .333 .333
b .333 . 667 . 667 .500 .356 . 667 . 667 .333 .333 . 667 .500
c .000 .000 .000 . 167 .311 .000 .000 .303 .333 .000 . 167
Pgm-3* 244,344
a 1.000 .333 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 . 800
b .000 .667 . 000 .000 . 000 .000 .000 . 000 .000 . 000 .200
Pgm-4 270.924 "
a 1.000 1.000 1.000 1.000 1.000 .333 1.000 .333 .333 1.000 1.000
b .000 .000 . 000 .000 .000 .333 .000 .333 .333 . 000 .000
c .000 . 000 .000 .000 .000 .333 .000 .333 .333 .000 .000
Pgm-5 184.343 ™
a 1.000 .333 .967 .955 .933 1.000 .952 1.000 1.000 .957 .750
b .000 . 667 .033 . 045 .067 .000 . 048 .000 .000 . 043 .250
Prx-1 113.490 ™
a . 167 .333 . 000 .000 .000 . 000 .000 .000 .000 . 000 .000
b .833 .667 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Prx-2 233.833 7"
A .200 .000 .333 .000 . 133 .333 .333 .000 . 000 .000 217
B .433 .333 .000 . 485 .244 . 667 . 667 . 667 . 667 .333 .333
C .367 . 667 .566 515 .623 .000 .000 .333 .333 . 406 .333
D .000 .000 .000 .000 .000 .000 . 000 .000 .000 .261 117
VA NS # k% P<0.05 P<0.01

Note 7 duplicate allele locus NS # %% nonsignificant or significant at P<0.05 or P<0.01 respectively
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3 0.388 0.405 A P =
69.0
Est-5" Est-5° Est-6°  Prx-1" 4 P 72.4
Prx-1° 2
Est-5"  Est-6° B
Dia-3" Gal-1' Gal-3' Me-1'  Pgi-1" 5 A
Pgi-1' A P He
Gal-1'  Me-1" A 2.127 74.927  0.376
B Dia-1° 2 2.3
Pry-2" 11 19 5 27
Adh-2 Dia-1 Dia-2 Dia-3 Est-4 H, =0.484
Est-5 Gal-2 Pgi-1 Pgi-2 Pgm-2 Pgm-3 11 H,; =0.401
Est-5 Gal-3 Pgm-3 Pgm-4
fixed heterozygsity X Dia-1 Est-4 Gal-1 I1dh-2 Pgi-1
Est- Est-1
1 Est-4 Gy, =0.224 22. 4%
77.6%
3
2.2
A 3.1
P He
4 10 19
A A=2.0~2.3 4 5
A=2.3 = 15
69.0~79.3 B
P 79.3 3
He 0.392
4
Table 4  Genetic diversity in Malus hupehensis populations standard errors in parentheses
Population N A P He
Oudian 19.5 .1 2.1 .2 72.4 .330 .042
Banmiao 21.3 .2 2.0 .1 79.3 .392  .040
Dajiuhu 20.8 .1 2.2 .1 79.3 .388 .043
Heping 21.2 .7 2.1 .1 72.4 .375 .045
Qianjiaping 15.0 .0 2.3 .2 75.9 .383 .046
Houping 22.9 .1 2.1 .1 72.4 .369 .045
Sanyang 20.9 .0 2.2 .2 72.4 .369 .045
A Taishan A 22.0 .0 2.0 .1 75.9 .382 .044
B Taishan B 22.0 .0 2.0 .1 75.9 .386 .044
A Jinshui A 23.0 .0 2.0 .1 69.0 .352 .046
B Jinshui B 19.9 .1 2.2 .1 79.3 .405 .043
Mean 2.127 74.927 .376
N A P He

Note N mean sample size per locus A mean number of alleles per locus P percentage of polymorphic loci He mean expected heterozygosity
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5
Table 5  Genetic diversity Nei 1987 among Malus hupehens-

is populations

Locus Hy Hy Dy Gsr
Acp-1 . 481 .324 157 . 326
Acp-2 . 497 .444 . 053 . 107
Adh-1 . 555 .444 L1 .200
Adh-2 . 165 L121 . 044 .267
Dia-1 . 505 482 .023 . 046
Dia-2 . 655 .512 . 143 .218
Dia-3 .618 .518 . 100 . 162
Est-1 . 440 .439 . 001 . 002
Est-4 457 .436 . 021 . 046
Est-5 . 258 . 050 . 208 . 806
Est-6 .539 . 494 . 045 . 083
Est-7 . 489 . 456 . 033 . 067

G6pdh-1 . 662 . 586 .076 115
G6pdh-2 .569 .512 . 057 . 100
Gal-1 . 654 . 622 . 032 . 049
Gal-2 . 598 . 556 . 042 .070
Gal-3 .599 . 266 .333 . 556
Idh-2 .533 .509 . 024 . 045
Me-1 . 596 . 540 . 056 . 094
Pgi-1 . 607 .582 . 025 . 041
Pgi-2 . 551 .493 . 058 . 105
Pgm-2 . 585 .474 L1111 . 190
Pgm-3 . 145 . 069 .076 .524
Pgm-4 . 306 . 182 . 124 . 405
Pgm-5 . 188 . 115 . 073 .241
Prx-1 . 087 . 066 .021 .241
Prx-2 .637 .530 .107 .168
Mean .451 .373 .074 .209
Mean Poly .484 .401 . 080 .224
H, Hg Dy,
Gsr

Note H, =total genetic diversity Hg = genetic diversity within popula-
tions Dy, = genetic diversity among populations and Gg; = the relative
magnitude of differentiation among populations

29 Adh-2 11
37.9%
Arft & Ranker 1998 Chevreau et al. 1985

Weeden & Lamb 1987
19 8 42. 1%

1996

A=2.127 P =74.927 He

=0. 376

A=1.76 P =49.3 He =0.148 Hamrick et
al. 1992

X =17
Dickson et al. 1991 M.
angustifolia M. coronaria
M. ioensis M. fusa
1. 750
1.750 2.083 2.083 58% ~
67% Lamboy et al. 1996
M. sieversii
A =2.75 P =94
1989
3.2
G, =0.224
G, =0.076  Hamrick & Godt 1989
11 4
1
G,

3.3
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