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Abstract Maize (Zea mays L.) is one of the most-im-
portant food crops in southwestern China. The diversity
of maize populations from southwestern China has been
evaluated on the basis of agronomic and morphological
data, but not on marker data. Our objectives were to
evaluate the allozyme polymorphism of these popula-
tions, and group the populations on the basis of allozyme
data. We analyzed 27 maize popul ations from southwest-
ern China and two populations [BS13(S)C2 and Lancas-
ter] from the USA for genetic variation at 18 allozyme
loci. We found a total of 69 aleles at 18 allozyme loci
with an average of 3.8 alleles per locus. Compared with
inbreds, hybrids, and populations from the U.S. Corn
Belt, the 27 Chinese populations had a significantly
higher (p<0.01) number of alozyme alleles per locus.
Maize populations from southwestern China have accu-
mulated abundant genetic diversity, and might be valu-
able germplasm for broadening the genetic base of U.S.
Corn Belt breeding germplasm. The analyses of allele-
frequency distributions and the expected heterozygosity
also reflected the differences between the Chinese and
the U.S. germplasm. The Chinese populations might be
valuable germplasm for complementing U.S. Corn Belt
breeding germplasm. The analysis of gene diversity
showed that 77% of the allozyme variation resided with-
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in populations and 23% between populations. This result
suggested that breeders should identify one or afew Chi-
nese populations with the best agronomic performance,
and exploit the genetic variation within these selected
populations. Cluster analysis classified the 29 popula-
tions into four main groups. Groupings based on allo-
zyme data could be useful for classifying the populations
into different heterotic groups and, consequently, ex-
ploiting them in hybrid breeding.
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Southwestern China

Introduction

Maize (Zea mays L.) is one of the most-important food
crops in southwestern China, which includes the prov-
inces of Sichuan, Yunnan, Guizhou, southern part of
Shanxi, and western parts of Guangxi, Hunan, and
Hubei. These subtropical and temperate hill and moun-
tain areas, with atitudes ranging from 100 to 2,500 m,
have very complex climates. Average temperatures range
from 10 to 25°C in April, whereas annual rainfall ranges
from 800 to 1,300 mm (Dong 1992). Slopes, valleys, and
gorges isolate the people and their maize crops in this
area.

Commercia hybrid cultivars are not widely used be-
cause of limitations imposed by the special and complex
environments in southwestern China. Local cultivars of
maize were grown in more than 50% of the 4-million
hectares in this area (Dong 1992), and the average grain
yield per hectare in this area was only 2.25-4.50 t hal.
These cultivars were developed by different farmers over
decades of planting and harvesting, and have become
adapted to the hot and humid growing seasons in south-
western China. These open-pollinated populations have
been geographically isolated and may have accumulated
many mutant genes.

A total of 3,913 local maize populations had been col-
lected from southwestern China during the 1950s-1980s
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(Liu 1992) when many indigenous maize popul ations ex-
isted and few commercial varieties were available. How-
ever, except for agronomic and morphological data (Hsu
1988; Huang 1991; Lu et a. 1994), there have been no
reports on the genetic diversity among these popul ations.
Since the 1970 s, allozymes have been extensively used
to examine the genetic variability in breeding material
(Brown 1979; Tanksley and Orton 1983). Allozyme as-
say is a useful tool to detect genetic variation (Dubreuil
and Charcrosset 1998; Sanchez et al. 2000), and is par-
ticularly suitable for developing countries because it is
relatively simple, rapid, and inexpensive. It also provides
an efficient approach for directly comparing the magni-
tude and distribution of genetic diversity between differ-
ent populations and species. We used allozymes in this
study to allow a direct comparison with previous studies
on alozyme polymorphisms in U.S. (Smith 1984; Smith
et a. 1985; Kahler et al. 1986), Bolivian (Goodman and
Stuber 1983), and Mexican (Doebley et al. 1985) maize
populations.

Our objectives in this research were to: (1) assess
the level of allozyme polymorphism of maize popula-
tions from southwestern China, and (2) classify the
populations into groups on the basis of allozyme varia-
tion.

Materials and methods
Maize popul ations

Twenty seven open-pollinated maize populations (Table 1) were
selected from about 2,000 populations collected by the Tian Chi-
shan Agricultural Research Institute (Enshi, Hubei, China). Two
U.S. maize populations, BS13(S)C2 and Lancaster, were main-
tained in the maize research laboratory at Huazhong Agricultural
University, Wuhan, China. Lancaster was provided by Dr. L.L.
Darrah at the University of Missouri in 1984. BS13(S)C2 was pro-
vided by Dr. A.R. Hallauer at lowa State University in 1984. It
was a second cycle of inbred progeny selection from BS13(HT)C7
that was developed from seven cycles of half-sib family selection
from lowa Stiff Stalk Synthetic (BSSS) with lal3 as the tester
(Hallauer et al. 1988).

Isozyme assays

A total of 110 kernels of each population were grown in a growth
chamber at 25°C for 7 days. Enzyme extraction methods, electro-
phoresis procedure, and gel scoring were performed according to
Stuber et al. (1988). Inbreds Mol17 and Oh43 were considered as
standards and their samples were loaded on each gel to aid alele
scoring. About 90-105 seedlings of each population were geno-
typed at 18 isozymic loci of eight enzyme systems. The 18 iso-
zymic loci were randomly distributed across eight out of ten maize
chromosomes (Table 2). All aleles and genotypes for each locus
were denoted with the method described by Stuber et al. (1988),
but Acp4 was denoted according to Kahler (1983). All the iso-
zyme assays were conducted in the Maize Research Laboratory at
Huazhong Agricultural University in Wuhan, China.

Table1l The U.S. and Chinese

maize populations, their Population Origin Endosperm Latitude  Longitude  Elevation

origins, and the latitudes, (north) (east) (meters)

longitudes, and elevations of Color Type

their origins U.S. populations
BS13(S)C2 lowa Yellow Dent
Lancaster Missouri Yellow Dent
Chinese popul ations
Ba Shizao He Feng Yellow Flint 29.9 110.0 980
Bai Rizao Yi Chang Yellow Flint 30.7 111.2 115
Bai Shaodi Xuan En White Dent 30.0 109.4 532
Bang Chuihu Fang Xian Yellow Dent 321 110.6 427
BD Ygjizho BaDong Yellow Flint 311 110.4 141
DaPigu Zhu Xi Yellow Dent 324 109.6 448
DaZibai Wu Feng White Dent 30.2 110.6 560
Er Jizao Yun Xi White Flint 33.0 110.4 249
Er Man Zi Gui Yellow Flint 30.9 1109 98
Hua Liushi Chang Yang Mixed Dent 30.5 1111 118
Jin Bangchui Zhu Shan Yellow Dent 323 110.2 407
Jin Zihuang Xin Shan Yellow Dent 314 110.8 121
LC Ygjizho Li Chuan Yellow Flint 30.3 108.9 1,180
Liu Shinan Yi Chang White Wax 30.7 111.2 115
Liu Shizao Wu Feng Yellow Flint 30.2 110.6 560
Qin Kehuang Zhu Xi Yellow Dent 324 109.6 448
Shen Lihong Yuan An Red Flint 311 111.7 203
Tie Zibai Ying Shan White Dent 30.9 115.7 113
Wu Yuehuang  Yi Chang Yellow Dent 30.7 111.2 115
Xia Zhibaogu En Shi White Dent 30.3 109.4 437
Xiao Jinzi Yun Xian Yellow Flint 329 110.8 202
Xiao Zibai Yuan An White Dent 311 111.7 203
Xiao Zihuang  En Shi Yellow Dent 30.3 109.4 437
YA DaZihu Yuan An Yellow Dent 311 111.7 203
XY Ziezihu Yun Xian Yellow Dent 329 110.8 202
ZG Dazihu Zi Gui Yellow Dent 30.9 110.9 98
ZX Tiezihu Zhu Xi Yellow Dent 324 109.6 448




121

suoire|ndod 'S'N om1ay) Jo A11sobAzoselpy paidadxe 1018yl o wie 1ioys=s ‘w.ke Buo|=" ‘sesayiuared ul
suoie|ndod asauiyD /g o AusobAzoseey po1adxe 1018yl ¢  PepN[oUlSI (886T “[e 1 JegniS wol}) Snoo| swAzo| e ydes JO Uo1ied0| [eLWOSOWOYd 3y ] e
2¢€'0 00T 8¢ € € ] T T I4 € € Z 4 € 14 4 € 14 I4 14 € [elol
T€0 €8 L'C € € S T T 4 € € T 4 4 14 4 € € 4 € € Jersedue]
G20 cL 1¢ T 4 € T T 4 4 T 4 4 4 4 4 € € 4 € € Z20)eTSg
suoire|ndod 's'N
820 76 L'€ 4 14 € 4 4 € 14 ] € 14 € 1% € 14 L € 9 ] feloL
20 cL 4 I4 T T T T 4 I4 T Z 4 € 4 I4 € 14 I4 € € oyzibA ag
8T°0 99 LT T 4 4 T 4 4 4 4 T T T T T 4 € T € € oyzibA O
6T0 19 8T I4 T T T Z € I4 I4 T T T 4 T Z € I4 14 [4 feqlz oerx
0c0 0S 8T T T T T T T T T 4 4 € 4 4 4 14 T € ¢ bBuenyiz cerx
/T0 19 8T T T 4 T T T T 4 4 4 4 4 4 4 14 T € ¢ nboeqiyzerx
9T0 19 LT T T € T T 4 T T Z 4 I4 4 I4 Z 4 T € [4 lzuic celx
¥T0 /9 6T T 4 4 T T T T 4 4 4 4 4 4 € € T 14 ¢ Buenysni N\
€20 8/ 0¢ T 4 4 T T 4 4 € 14 4 4 4 4 4 14 T Z € nyizsil XA
10 0S LT T T T 4 T T T 4 4 4 4 € 4 € T T € T nyizell Xz
€T0 0S LT T T 4 T T T 4 € € € 4 € T 4 T T T 4 eqizall
G20 9G 0¢ T 4 Z T T T € € T T T € 4 Z € T 14 ¥ Buoylusys
9T 0 144 6T T T 4 T T T € 14 T T T T T 4 14 € € ¢ Buenysy uld
020 99 6T T T 14 T T T 4 € T T 4 € € 4 € T € € geziys nit
0c0 79 8T I4 € € T T 4 I4 T T T T 4 T Z € I4 4 4 ueulys niv
00 /9 6T 4 4 T T T 4 4 4 4 4 4 4 T 4 ] T T € Buenyiz uic
/T0 0S 9T T Z 4 T T 4 4 T T T T T T 4 4 4 € € Inyobueg ur
920 €8 c¢ T 4 4 T 4 c 4 4 4 c € 4 4 4 v T € v ysnijenH
6T0 99 0¢ T T 4 T T T € ] 4 4 4 € T 4 14 T T € UueN 13
8T0 19 6T T 4 Z T T T 4 € Z T T 4 T Z I4 € 14 € oezic 13
STO0 0S 9T T T T T 4 4 T 4 4 4 4 T T 4 € T T € nylzeg oz
120 cL ¢ 4 4 T T T 4 4 4 4 € 4 4 4 4 g T 14 T nylzeg va
120 8/ €¢ 4 4 € T T 4 4 € 4 14 € € T 4 14 T € € eqized
620 cL €¢ T € 4 T T 4 4 T 4 € 4 € 4 € 14 T 1% 14 nbideq
220 .9 8T T T T Z T I4 I4 I4 T 4 € 4 I4 Z € T 4 € oeziyseg
6T°0 19 6T T € € T 4 4 T 4 T T T T 4 4 4 4 14 € Ipoeys reg
2’0 cL 6T 4 4 4 T T 4 4 T T T € € 4 4 € 4 € 4 oeziy red
0c0 cL 4 T T Z T Z I4 I4 I4 T Z 4 4 I4 14 S T € Z nynyp bueg
suoire|ndod asauiyd

(m (e (9 () &) () (9 @ 9 (6 (e 68 € (w & v n 6

KisobAz 00| seP|R O Tid ZPBd TPBd WWN SUPIN EUPIN ZUPIN TUPIN €109 ZI09 TI09 883 €83 T3 €RD TYpy pdoy Tdoy

0By olydiowAod  sequinu

poradxg Jjoabewsdled afielony €SNJ0| BWAZO || uoire|ndod

suoire|ndod 6z ul 100] BWAZOS| 8T Te Pa1Ielep 9P| e JO JBqUINN 2 3|qel



122
Analysis of genetic diversity

Expected heterozygosity within and between populations was esti-
mated according to Nei (1975). The gene diversity in the total
population (Hy) was partitioned into gene diversity within (Hg)
and between (D<r) populations, and

H:=Hg+Dgr.

Therelative (Ggr) degree of gene differentiation measures the por-
tion of genetic variation in the whole population that is attribut-
able to genetic differentiation among subpopulations (Hartl 1980,
pp 160-168), and Gg=Dgi/H; (Nei 1975). Genetic distances
among populations were assessed using modified Rogers distance
(Wright 1978). The matrix of modified Rogers distances was used
for average cluster analysis on PC-SAS (SAS 1987).

Results and discussion
Number of allozyme alleles

We found atotal of 69 alleles at 18 allozyme loci with an
average of 3.8 alleles per locus across all 29 populations.
There were 67 alleles in the 27 Chinese populations with
an average of 3.7 aleles per locus, and 50 alleles in the
two U.S. populations with an average of 2.8 alleles per
locus. The average number of aleles was significantly
lower (p<0.01) in the U.S. than in the Chinese popula-
tions. Forty eight out of sixty nine alleles (70%) were
present in both the Chinese and U.S. populations, two
(3%) aleles (Pgdl-7 and Pgd1-9) were present only in
the U.S. populations, and 19 (28%) alleles were present
only in the Chinese populations (Table 3).

Comparisons with previous studies, using the same
set or subset of allozyme markers, indicated that the av-
erage number of alleles observed in the 27 Chinese local
populations was significantly higher (p<0.01) than in 72
historically important U.S. inbreds (Smith et al. 1985),
111 U.S. hybrids (Smith 1984), and 12 open-pollinated
U.S. populations (Kahler et al. 1986) (Table 3). For ex-
ample, at the same set of eight alozyme loci there was
an average of 4.0 alleles per locus among the 27 Chinese
populations, but only 2.8 aleles per locus among the
12 U.S. open-pollinated populations (Kahler et al. 1986).
These U.S. populations included Reid Yellow Dent,
Lancaster, Leaming, Minneasota 13 and Krug, which
have been widely used in maize breeding in the U.S.A.
(Troyer 1999). We therefore conclude that there is abun-
dant allozyme polymorphism in maize populations from
southwestern China, and these populations might be
valuable germplasm for broadening the genetic base of
U.S. Corn Belt breeding germplasm.

Maize was first introduced into China only about 500
years ago (Burtt-Davy 1914; Liu 1992). Several factors
might have contributed to the generation, preservation,
and accumulation of new genes in maize populations
from southwestern China. These factors include the
complex climate conditions, hundreds of years of natu-
ral and artificial selection, varied cropping systems and
rotations, and lack of intercrossing with commercial
hybrids in this mountainous area of southwestern China.

The discovery of waxy maize (Z. mays sinensis) in the
Yunnan province (a part of southwestern China), and
that an original cultivar of waxy maize only had a four-
row ear (Zeng 1992), which was a typical character of
wild corn (Weatherwax 1955), are good examples of
such a valuable gene pool. In contrast, we also noted
that there were more allozyme alleles among 31 Bolivi-
an races (Goodman and Stuber 1983) and 34 Mexican
races (Doebley et al. 1985) than in 27 Chinese popula-
tions at the same set of loci (Table 3). This result was
expected if we consider that Mexico and Bolivia were
the centers of origin of maize (Burtt-Davy 1914; Galinat
1988).

Distribution of allozyme alleles

The number of alozyme alleles per locus varied between
the 18 allozyme loci in the 27 Chinese populations we
studied. Three loci (Mdh5, Mmm and Phil) had only
two alleles. Cat3, the most-variable locus, had seven al-
leles. If alocusis considered polymorphic only when the
frequency of the most-common allele is less than 0.99
(Nei 1975; Gottlieb 1981), then 17 of the 18 loci exam-
ined (94%) were polymorphic. Among 34 Mexican races
of maize, 91% loci were polymorphic by this criterion
(Doebley et al. 1985). In our study, the percentage of
polymorphic loci ranged from 44% in Qin Kehuang to
83% in Hua Liushi. It was 72.2% for BS13(S)C2 and
83% for Lancaster (Table 2).

Fourteen out of sixty seven (21%) alleles in the 27
Chinese populations were rare, having frequencies of
0.01 or less. Sanchez et al. (2000) investigated 1,080 ac-
cessions representing more than 300 maize races of the
Americas on 23 isozyme loci, and found that 81% of the
329 allozyme alleles were rare. The inclusion of 27 Chi-
nese populations in this study (versus 1,080 accessions
in the Sanchez et al. report) limited the finding of more
rare alleles.

At 14 of 18 (77.8%) allozyme loci, the distributions
of allozyme aleles within each locus were similar be-
tween the 27 Chinese populations and the U.S. germ-
plasm (data not shown). But they were very different at
Acp4, Estl, Pgdl and Pgd2. In the U.S. germplasm,
which included the two U.S. populations in this study,
72 U.S. inbreds (Smith et al. 1985), 111 U.S. hybrids
(Smith 1984) and 12 U.S. populations (Kahler et al.
1986), the most-frequent alleles were Acp4—-2, Est1-2
and Pgdl1-3.8. These three alleles were not the most-
frequent alleles in the 27 Chinese populations (Table 4).
At Pgd2, the Chinese germplasm had a much higher
frequency (20.5%) of Pgd2—6 than the U.S. germplasm
(Table 4). We do not know the phenotypic effects
associated with these most-common alleles. But the
differences in the most-common alleles between the
Chinese and the U.S. germplasm indicated that the
Chinese populations might be a valuable germplasm
for complementing the U.S. Corn Belt breeding germ-
plasm.



123

100| 9|ce|eAe | Te swse|dweb Jeyio jo A1sobAzoseiy peradx3 p
swse|dweb Bylose  awAzo|e Jo 1Bsgns awes ay) e suoirndod asauly)d /Z Ul SSR| IO Jequinu afeAY e

100] 8WAZO|[e Jo Jesgns auwes ay) e suoir|ndod assuly) 2z Jo AsobAzosepy parsedxd 5

100] 8|ce|eAe | e swse|dweh JBylo ulssp|e Jo Jequinu abeleny q

swse|dw.eb Jeylo se 100|

| Aijigeqoud TO0 8l e WO IHIUBIS 4«

120 G20 6T0 200 /¥FO 200 920 T20 #90 6T0 900 200 020 8T0 - - 800 €00 - €90 /SaJel Uedxe N €
€20 G20 2T0 ¥00 250 €00 9€0 600 6v0 TZ0 TO0 +00 ¥¥0 STO0  — - ZV0 900 - TS0 ¢Sa%el Lelnljog TE
9v'0 9e0 - ¥00 T¥O - - - 080 - - - 0T0 - - 090 - EF0 990 950 csuonreindod SN ZtT
8T°0 G20 T€0 TZO OF0 200 200 800 S50 TZO 000 +00 O0T0 — - - 000 %00 - 50 wSpPUgAY SN TTT
120 G20 0€0 €TI0 60 000 900 GI'0 €90 #20 000 TII0 TI0O — - - €TI0 %20 - €90 eSpaIquUISN 2L
Z€0 820 600 9T0 650 000 000 O0S0 €S0 G20 €00 900 600 0S0 8T0 950 ¥E0 8E0 990 +90 suoneindodsn z
820 800 ¥€0 120 000 %00 ¥¥0 Tyr0 6y0 900 800 STO 00 €20 ¥0 670 800 090 850 suoirndodassulyD /g

pld0] ||V 2l00| UOWWOD

Tiud zpbd TPBd WWIN SUPIN EUPIN ZUPIN TUPIN €109 ZI09 TI0D 8’3 €153 T3 €RD TYpy ydoy Tdoy

AsobAzosepy
po10adxe afeleny sn20| awAzo|e yaes ke AlsobAzoseiey pajsedxg wse|dweo
%159 9€ S 9 9 € 9 9 2 6 9 € L L - - 8 14 - 6 /S9Jel UedIXo N €
x4B7 9€¢ 9 S S 4 9 v S L 4 € v 9 - - 8 ¥ - 9 gsadel ueinljog 1€
«48C (087 - 4 z - - -z - - - z - - € - 4 9 € suomreindod sN zT
xxC'C 9€¢ € 4 4 4 4 Z € 4 T 4 z - - - T 4 - S wsSpuaAysN TIT
x4G'T 9€ 14 4 € T 4 z v z T 4 z - - - € € - 14 gSpaiquisn g2
x48'C L€ € € S T T Z € € r4 4 € ¥ z € 1% 4 14 € #uole|ndod sn g
L€ 4 14 € 4 4 € ¥ S € 14 € ¥ € 14 L € 9 G tsuoire|ndod sssuiyD /2

qlo0] ||V el00] UOWWOD

Tiud 2pBd TPBd WWIN SUPIN SUPIN 2UPIN TUPIN €109 20D TI09 813 €153 183 €rD TYpy tvdoy Tdoy

ap|e Jo

Jaguinu abeeny SN20| 8WAZo| e ydes e sequinu ap||v wse|dwien

G86T "[e 1 £81090Q , ‘€86T Jo0NIS pue Uewpoos) ¢ ‘986T " 1 BIUeM s ‘86T UHWS 1
‘G86T "2 1B YHWS ¢ ‘ApNis Siy) Woly S}NS3Y ¢ pue 1 swsedwieb eyio pue suorendod sssuiyd /z ussmisg sa1sohAzosery paioadxe pue siequinu dp|fe Jo suosiedwo) €3|gel



124

Table4 Allele frequencies (%)

C - Allozyme 27 Chinese Two U.S. 72 U.S. 111 U.S 12U.S.
ﬁgg%oﬂb?g&ilgﬁé IS g chi alele popul ations® popul ations? inbreds® hybridsd populations®
germplasms Acpd-1 127 255 - - 313

Acp4—2 15.7 485 - - 46.8

Acpi—4 9.7 6.0 - - 0.2

Acp4-5 59.5 20.0 - - 12.2

Acpa—6 1.9 0.0 - - 6.2

Acpa—7 1.0 0.0 - - 0.0

Other dlleles 0.0 0.0 - - 3.3

Estl-1 2.9 215 - - 275

Estl-2 27.8 60.0 - - 53.6

Estl-4 67.3 185 - - 19.0

Estl-6 1.9 0.0 - - 0.0

Pgd1-2 84.9 25 41.0 27.9 285

Pgd1-2.8 5.8 4.0 0.0 0.0 0.0

Pgd1-3.8 9.2 47.0 59.0 72.1 715

Pgd1-7 0.0 5.0 0.0 0.0 0.0

Pgd1-9 0.0 15 0.0 0.0 0.0

. Pgd2-2.8 0.3 6.5 74 11.8 1.8

aand P Resultsfrom thisstudy  pgp-5 78.9 915 92.6 88.2 98.2
¢ Smith et al. 1985 Pgd2-6 20.3 2.0 0.0 0.0 0.0
Smith 1984 Pgd2-7 05 0.0 0.0 0.0 0.0

e Kahler et a. 1986

Expected heterozygosity within and among popul ations

The expected heterozygosity (H), which is a function of
both allele numbers and allele frequencies, ranged from
0.13in Tie Zibai to 0.31 in Lancaster with an average of
0.21 among all 29 populations (Table 2). Each of the two
U.S. populations had a higher H than the average H
among the Chinese populations. This result demonstrat-
ed that each Chinese population is not necessarily more
diverse; Lancaster is most abundant in allozyme varia-
tion among 29 populations. The total H was lower in the
27 Chinese populations (H=0.28) than in the two U.S.
populations (H=0.32) (Table 2). The fact that 21% of the
alleles among the 27 Chinese populations had a frequen-
cy of <1%, but no such aleles existed in the two U.S.
populations (data not shown), may have contributed to
the lower H of the 27 Chinese populations relative to the
two U.S. populations.

Compared with other germplasms, the 27 Chinese
populations had a much higher H at Mdh1 and Pgd2, but
a much lower H at Pgdl (Table 3). In contrast, four
groups of U.S. germplasms (two U.S. populations in this
study, 72 U.S. inbreds, 111 U.S. hybrids, and 12 U.S.
populations) had a consistent H at each of the 18 allo-
zyme loci.

Analysis of gene diversity

Total gene diversity (H+) for each locus varied from 0.00
at Mmm to 0.65 at Acp4. The average across all loci was
0.29 (Table 5). The H; for Chinese populations was
slightly higher than the H; for Mexican maize (0.25)
(Doebley et a. 1985). Gene diversity in the total popula-
tions can be apportioned within and between subpopula-
tions. The mean gene diversity within populations

Table5 Measures of gene diversity at 18 allozyme loci in 27 Chi-
nese populations

Locus Number H H.a Ggr?
of aleles
Acpl 5 0.46 0.60 0.23
Acp4d 6 0.43 0.65 0.34
Adhl 3 0.09 0.11 0.11
Cat3 7 0.37 0.44 0.15
Estl 4 0.38 0.54 0.29
Est3 3 0.16 0.24 0.33
Est8 4 0.28 0.29 0.04
Gotl 3 0.09 0.15 0.39
Got2 4 0.09 0.10 0.16
Got3 3 0.06 0.06 0.11
Mdhl 5 0.29 0.47 0.39
Mdh2 4 0.33 0.43 0.25
Mdh3 3 0.28 0.44 0.36
Mdh5 2 0.03 0.03 0.03
Mmm 2 0.00 0.00 0.05
Pgdl 3 0.19 0.33 0.44
Pgd2 4 0.17 0.32 0.50
Phil 2 0.07 0.07 0.04
Mean 3.72 0.21 0.29 0.23

aHg, the gene diversity within populations; Hy, the gene diversity
in the total populations; Ggr, the relative degree of gene differenti-
ation (Nei 1975)

(Hg) varied from 0.00 at Mmm to 0.46 at Acpl (Table 5).
The average over al loci was 0.21, which was also
dlightly higher than that of Mexican races of maize, 0.18
(Doebley et al. 1985).

The relative degree of gene differentiation among
populations, Ggr (Hartl 1980; Nei 1975), varied from
0.03 at Mdh5 to 0.50 at Pgd2, with the average over all
loci being 0.23 (Table 5). This means that 23% of gene
diversity resided among populations, and 77% of gene
diversity resided within populations. This result indicat-
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Fig. 1 Groupings of 29 maize populations based on 18 allozyme
loci

ed that there was more genetic variation within, than
among, maize populations from southwest China. Ac-
cordingly, maize breeders should concentrate their
breeding efforts on only one or a few Chinese popula-
tions that have the best agronomic performance. A simi-
lar level of Ggr (0.28) was a'so found in Mexican maize
(Doebley et al. 1985). This result also indicated that the
local populations of maize from southwest China are
well differentiated from each other.

Genetic distance and cluster analysis

At the modified Rogers distance of 0.30, the 29 popula-
tions were clustered into four groups (Fig. 1). Group |
had 20 populations including BS13(S)C2, and was con-
sidered as a BSSS type. Group Il had three populations,
Tie Zibai, ZX Tezihu and Wu Yuehuang, and they all
were flint type. However, Tie Zibai had white endo-
sperm, whereas ZX Tiezihu and Wu Yuehuang had yel-
low endosperm. Group |11 had only two populations, Bai
Shaodi and Xiao Zihuang. Group 1V had one U.S. popu-
lation (Lancaster) and one Chinese population (Da Zibai)
that had a white endosperm. We considered this group as
a Lancaster type. The populations Hua Liushi and Y X
Tiezihu remained ungrouped. Group | included the ma-
jority (69%) of the 29 populations in this study. This
could be due to the weak power of genetic differentiation
of alozymes as observed by Zhang et al. (1993) and
Pogson et al. (1995). It also could be due to the real
close genetic distances among those 20 populations, as
Dubreuil and Charcosset (1998) observed that allozyme
and RFLP markers had a similar relative magnitude of
genetic differentiation. We could not distinguish these
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two cases in this study. Data on yield and agronomic per-
formance are needed to validate the classifications.

Groupings on the basis of markers such as SSRs
(Smith et a. 1997; Lu and Bernardo 2001), RFLPs
(Dudley et a. 1991; Messmer et al. 1992) and alozymes
(Goodman and Stuber 1983; Smith et a. 1985), have
agreed well with pedigree information. The pedigree re-
lationships among the 27 Chinese populations were un-
known. Groupings based on allozyme data in this study
thus provide a basis for classifying them into different
heterotic groups and, consequently, exploiting them in
hybrid breeding.
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