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Abstract The population variation and structure of 115 plants representing 8 populations of Quercus senes-
cens Hand.-Mazz. were investigated by amplification fragment length polymorphism AFLP analysis. Using
TFPGA software 94 polymorphic phenotypic patterns 75.2% was obtained using 2 AFLP primer combina-
tions and it was found that genetic variation of different population was negatively correlated with altitudes.
Analysis of the genetic structure of populations carried out using analysis of molecular variation by Arliquin
2.000 software It showed that there was a high significant population differentiation ¢, =0.2956 . And
neighbour-joining dendragram also be constructed based on 2 primer combinations by PAUP software .
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Table 1 List of 8 Quercus senescens populations used in this study
/m
Population code Source Voucher
Altitute/m Number of sample
de 2030 15 del  del =15
dm 2100 15 dml  dml-15
dw 2500 12 dwl  dwl - 12
ga 2100 17 gal gal - 17
¥ 2365 19 wl 1-19
wd 2550 13 wdl 1-13
Xs 2250 10 xsl 1-10
qi 2200 14 gl qjl - 14
KUN
1.1.1 DNA CTAB DNA Doyle and Doyle 1990 1%

0.5 TBE DNA
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1.1.2  AFLP DNA  EcoRI NEB Msel NEB 37°C 2.5h 70C
10 min AFLP Vos 1995
2 PCR Tag TaKaRa
2
Table 2 Primer and adapter sequences
Primer Adaptor
pre-amplification primer EcoRI EcoRI adaptor
Msel + C5 - GATGAGTCCTGAGTAAC - 3' 5" - CTCGTAGACTGCGTACC -3’
EcoRl+ A5 - GACTGCGTACCAATTCA -3’ 3" - CATCTGACGCATGG -5’
selective amplification primer combination Msel Msel adaptor
EcoRI - ACA/Msel - CAC 5" - GACGATGAGTCCTGAG -3’
EcoRI - AAC/Msel — CTA 3" - TACTCAGGACTC - 5’
94C Smin 94°C 30s 65°C 30s 72°C 60 s 26 72°C 5 min
94°C Smin 94°C 30s 65°C 30s 0.7C 72C 60s 12
94C 30s 56°C30s 72°C 60s 23 72°C 5 min
1.2
Labworks 4.0 Lynch-Milligan
2001 Lynch-Milligan
TFPGA Unbiased mean hert-
erozygosis Arliquin 2.0 @
AMOVA 2001 PAUP Neigh-

bor-joining

2
125 94 75.2% 1
3 ACA/CAC
50 79.0323%  AAC/CTA 44 69.8413%
41 32.8% 69 55.2% ga He =
0.1847 yX He =0.1237
3 AMOVA 5 29.56%
70.44%
Table 3 Bands generated by two primer combination
P <0.05
Primer Number of Number of Polymorphism
combination  polymorphic loci total loci rate/ % @y = 0.2956
ACA/CAC 50 62 79.0323
AAC/CTA 4 63 69.8413 PAUP 8
3
3

2000 ~ 3 350 m 1993
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Fig. 1 Amplification products obtained using EcoRI-ACA/Msel-CAC primer combination for genomic
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EcoRI-ACA/Msel-CAC

Qj

1

DNA of 19 individuals of QJ population

RAPD

Kremer and Petit

1993

Daubree and Kremer

1993



1998  Guttman and Weight 1989  Dumolin-Lapegue 1997 1998
RAPD
AFLP
Carr 2003 Kamiya 2002  Kim 2002 AFLP
125 94
75.2%
3.1
94 75.2%
32.8% X8 55.2% ga 8
0.147021 0.058 ~ 0.398 0.186
Kremer and Petit 1993 8 He = 0.1237
yx He =0.1847 ga
1990
4 de 2030m ga 2100m qg 2200m
dn  2100m 3 yx  2365m dw 2
500 m wd 2550m 3
2 1998
4

Table 4  Parameters of genetic variation detected with two primers pairs

Population ~ Number of sample  Altitude Polymorphic sites PPB He Average gene diversity over loci
de 15 2030 56 4.8 0.1588 0.151162 + 0.079601
dm 15 2100 55 44.0 0.1474 0.153448 + 0.080761
dw 12 2500 50 40.0 0.1383 0.142667 + 0.076797
ga 17 2100 69 55.2 0.1847 0.186706 + 0.096749
yX 19 2365 45 36.0 0.1237 0.135485 + 0.070496
wd 13 2550 47 37.6 0.1364 0.133333 +0.071413
XS 10 2250 41 32.8 0.1252 0.124978 + 0.069032
qj 14 2200 53 42.4 0.1574 0.153231 +0.081104
Total 115 — 94 75.2 0.2112 0.147184 + 0.078050

He = unbiased heterozygosity PPB = Percentage of polymorphic sites
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Fig. 2 Correlation between elevation and genetic variation &a de
3.2
AMOVA 5 70.44 %
29.56% o, =0.2956
33 0.01 ~0.17
Richard ~ Nasser 2003 AFLP
4 0.218 Quercus agrifolia  AFLP
G, =0.247 Millar 1992 G, =0.07
AFLP
5 AMOVA Euclidean
Table 5 The result of AMOVA analysis based on Euclidean
Source of variation d.f. SSD VC /% of total Py
Among Populations 7 457.543 3.91673Va 29.56
Within populations 107 998.544 9.33218Vb 70.44 0.2956
Total 114 1456.087 13.24891
1997
G, 0.167 2002 AFLP
G, = 0.3154
Park 1994
Coart 2002
150 km
Newton 1999
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Fig. 3 Neighbour-joining dendrongram of AFLP for 115 individuals of Quercus senescens
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Richard  Nasser 2003 4 Quercus wislizeni  Quercus kelloggii
3 ga qj yx
dw dm
XS de wd

Q . wislizeni Q. kelloggii

Corre 1997 Bauert

1998  Andrew Schnabel ~— Hamrick 1990 Quercus macrocarpa
Quercus gambelii G, 0.076  0.119
Hamrick
Godt 1989 G,=0.143
G,=0.277 172
8
60 cm

Andrew Schnabel Hamrick JL  1990. Comparative analysis of population genetic structure in Quercus macrocarpa and Q. gambelii
Fagaceae J . System Botany 15 2 240—251

Bauert MR Kalin M Baltisberger M et al  1998. No genetic variation detected within isolated relict populations of Saxifraga cernua



in the Alps using RAPD markers J . Mol Ecol 7 1519—1527
Carr] XUM Dudley JW et al 2003. AFLP analysis of genetic variability in New Guinea impatiens J . Theor Appl Genet
106 1509—1516
Cerasoli S Scartazza A Brugnoli E et al  2004. Effects of partial defoliation on carbon and nitrogen partitioning and photosynthetic
carbon uptake by two-year-old cork oak — Quercus suber samplings J . Tree Physiol 24 1  83—90
Coart E Lamote V. De Loose M et al  2002. AFLP markers demonstrate local genetic differentiation between two indigenous oak
species  Quercus robur L. and Quercus petraca  Matt. Liebl. in Flemish populations J . Theor Appl Genet 105 2 -3
431—439
Corre Vle  Dumolin-Lapegue S Kremer A 1997. Genetic variation at allozyme and RAPD loci in sessile oak Quercus petraea
Matt. Liebl. the role of history and geography J . Mol Ecol 6 519—529
Daubree JB  Kremer A 1993. Genetic and phonological differentiation between introduced and natural populations of Quercus rubra L
J . Ann Sci For 50 suppl 1 271—280
Dodd RS Kashani N 2003. Molecular differentiation and diversity among the California red oaks Fagaceae —Quercus section Loba-
tae ) . Theor Appl Genet 107 5  884—92
Doyle JJ  Doyle JL.  1990. Isolation of plant DNA from fresh tissue J . Focus 12 1  13—15
Dumolin-Lapegue S Demesure B Fineschi S et al  1997. Phylogeographic structure of white oaks throught the European continent
J . Genetics 146 1475—1487
Filippo Bussotti  Paolo Grossoni  1997. European and Mediterranean oaks — Quercus L.  Fagaceae ~ SEM characterization of the mi-
cromorphology of the abaxial leaf surface J . Botanical Journal of the Linnean Society 124 183—199
Guttman SL. Weight LA 1989. Electrophoretic evidence of eastern North America J . Can J Bot 67 339—351
Hamrick JL.  Godt MJ  1989. Allozyme diversity in plant species A . In  Brown AHD Clegg MT Kahler AL Weir BS eds
Plant Population Genetics Breeding and Genetic Resources C . Sunderland = Sinauer Associates 43—63
Kamiya K Harada K Clyde MM et al 2002. Genetic variation of Trigonobalanus verticillata  a primitive species of Fagaceae in
Malaysia revealed by chloroplast sequences and AFLP markers J . Genes Genet Syst 77 177—186
Kim MS  Moore PH Zee F et al 2002. Genetic diversity of Carica papaya as revealed by AFLP markers J . Genome 45
503—512
Kremer A Petit R]  1993. Gene diversity in nature population of oak species J . Ann Sci For 50 Suppl 1  186—202
Kvacek Z Walther H 1989. Paleobotanical studies in Fagaceae of the European Tertiary J . Pl Syst Fvol 162 213—229

LiJ Chen KY Li BS 1998. The variation of genetic diversity of Quercus aquifolioides in different
elevations J . Acta Bot Sin 40 8 761—767

LiJ Chen KY Li BS 1997. Preliminary study on genetic structure of alpine oaks in Tibet J . J
Betjing Forest Univ 19 2 93—98

Li JQ 1996. Diversities and evolution of the sclerophyllous oaks in Tibet J . Chin J Ecology 15
4 55—58

Liang HP Ren XW Liu YQ 1990. A study on the morphology of foliar trichomes of evergreen
oaks Quercus in China and ITS implication in taxonomy J . Acta Phytotax Sin 28 2 112—121

Manos PS  Doyle JJ  Nixon KC 1999. Phylogeny biogeography —and processes of molecular differentiation in Quercus Subgenus
Quercus Fagaceae ] . Molecular Phylogenetics and Evolution 12 3 333—349

Millar CI  Riggs LA Delany DL 1992. Genetic variability of coast oak Quercus agrifolia  valley oak Q. lobata  and blue oak
Q. douglasii in California J . Syst Bot in press

Newton AC  Allnut TR Gillies ACM et al  1999. Molecular phylogeography intraspecific variation and the conservation of tree
species J . Trends Ecol Evol 14 140—145

Park CR Wendel JE Swell MM et al  1994. The significance of allozyme variation and introgression in the Liriodendron tulifera
complex Magnoliaceae ] . Amer J Bot 81 878—889

Pu CX 2002. Biogeography of Quercus spinosa complex D . Kunming Kunming Institute of Botany Chinese Academy



58 27

of Sciences

Qian W Ge S 2001. Analyses of population genetic structure by using dominant markers J . Acta Genet Sin

28 244—255

Richard S. Dodd Nasser Kashani 2003. Molecular differentiation and diversity among the Califonia red oaks Fagaceae —Quercus
section Lobatae ] . Theor Appl Genet 107 884—892

Sokal RR  Jacquez GM Wooten M 1989. Spatial autocorrelation analysis of migration and selection J . Genetics 121 845—
855

Sun H 2002. Tethys and Himalayas-Hengduanshan Mountains uplift and their significance on the origin and development of the
Sino-Himalayan elements and Alpine flora J . Acta Bot Yunnan 24 3 273—288

Vos P Hogers R Blecker M et al 1995. AFLP a new technique for DNA fingerprinting J . Nucleic Acids Research 23
4407—4414

Yang QZ 1990. The chatacteristics and classification of oak durisilvae in the Himalayan of China J . Acta Phytoecol
Geobot Sin 14 3 197211

Yun R Zhong M Wang HX et al  1998. Study on DNA diversity of Liaodong oak population at
Dongling mountain region Beijing J . Acta Bot Sin 40 2 169—175

Zhang JT Wang PL 1986. Pollen morphology of Quercus L. in China J . Acta Phytotax Sin

24 5 362—369
Zhou ZK 1993. Geographical distribution of Quercus from China J . Journal of Graduate School ~ Academia Sinica
10 1 95—108
Zhou ZK 1999. Fossils of the Fagaceae and their implications in systematics and biogeography J . Acta Phytotax Sin
37 4 369—385

Zhou ZK Pu CX Chen WY 2003. Relationships between the distributions of Quercus sect. Hete-

robalanus  Fagaceae and uplift of Himalayas J . Adv Earth Sci 18 6  884—890

Zhou ZK  Willkinson HP Wu ZY  1995. Taxonomical and evolutionary implication of the leaf anatomy and architecture of Quercus L.
Subgenus Quercus from China J . Cathaya 7 1—34





