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RAPD analysis of genetic diversity of Sargentodoxa cuneata at different altitude

and the influence of environmental factors

LI Jun-Min', JIN Ze-Xin', ZHONG Zhang-Cheng® (1. Department of Biology. Taizhou University, Linhais Zhejiang -
317000, Chinas 2. Faculty of Life Science, Southwest China Normal University, Chongqing 400715, China). Acta Ecologica Sinica,2004,24(3) :
567~573.

Abstract: The genetic diversity within populations and genetic differentiation among populations of Sargentodoxa cuneata at
three different altitudes in Tiantai mountain of Zhejiang Province were analyzed by random amplified polymorphic DNA
technique. To explore how S. cuneata fits environment, the relationships between the genetic diversity and the environmental
factors were analyzed. 13 random primers were selected in the amplification and 88 repetitive loci with 74 polymorphic loci were
produced. The total average percentage of polymorphic loci was 84.09%. Among three populations of S. cuneata, the
populations at the altitude of 950m showed the most bands and the percentage of polymorphic loci was 39.77%. The
percentage of polymorphic loci of the population at the altitude of 730m was 32. 95% and took the second place. The population
at the altitude of 520m showed the lowest bands and the percentage of polymorphic loci was 31.82%. All of them were
distinctively lower than the percentage of total polymorphic loci.

Different ecological microhabitat could lead to the difference of the genetic structure. Shannon index of phenotypic
diversity shows that the highest genetic diversity occured in the population at the altitude of 950m. The second one occurred in
the population at the altitude of 730m and the lowest genetic diversity occured in the population at the altitude of 520m. But the
difference between the population at the altitude of 730m and the population at the altitude of 520m was relatively small. The
average genetic diversity within populations of S. cuneata accounted for 43. 68% of the total genetic diversity while the genetic
diversity among populations accounted for 56.32%. All of these show that the genetic variation mainly existed among the
populations of S. cuneata. The genetic diversity of S. cuneata estimated with Nei index was lower than that estimated with

Shannon index of phenotypic diversity. But the variation trend of the genetic diversity within three populations, as indicated by
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these two indice, was generally consistent. The genetic differentiation among three populations, as estimated by Nei index,

was 0.5406. The distribution of the genetic variation was generally consistent, i.e. the genetic variation among populations

was relatively high and that within populations was relatively low. The gene flow estimated from Gst was only 0. 4018 and it

indicates that gene flow among populations of S. cuneata was relatively low. The genetic identity between the population at the

altitude of 950m and the population at the altitude of 730m was the lowest while that between the population at the altitude of

730m and the population at the altitude of 520m was the highest. The genetic distance matrix was calculated using the method

published by Nei and the clustering analysis was made using the unweighted pair group method with arithmetic mean

(UPGMA). The population at the altitude of 520m clustered with population at the altitude of 730m, and then they clustered

with population at the altitude of 950m. The correlation analysis showed that the genetic diversity within populations was

significantly positively related with the soil total nitrogen. It indicates that nitrogen was important in the maintenance of the

genetic diversity of S. cuneata.
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:1000-0933(2004)03-0567-07 :Q948. 1 A
(Sargentodoxa cuneata) s (Sargentodoxaceae) (Sargentodoxa)
‘ ! ‘ b N 2 Y b N Y o
s [2] s N
G~6],
, RAPD (Random Amplified Polymorphic DNA)
, , 1, RAPD
s [8~10]
RAPD DNA 3 .
1
1. 1
2001 7 3 1 3
.3 1 Table 1 The environmental conditions of three Sargentodoxa cuneata
. 12 , populations
Populations
’ Environmental conditions P1 P2 P3
’ 80m Altitude (m) 950 730 520
s 4C ,—70C B Aspect NW30° SE60° NE10°
I)NA R SIOPC 30° 28° 35°
1.2 pH  pH value 4. 81 5.35 5.09
' Total nitrogen .
1.2.1 DNA —70C , (mg/kg) 5.584 4. 787 4.902
0.1 1. 5ml s 500pl 100 1 al phosphorus
g m # [100mmol/ ) /EO;"‘ phosphorus 0.529 0.322 0. 088
L Tris « HCI(pHS8.0),3% PVP, 20mmol/L B- mg/xe
O i
.20 mmol /L EDTA (pHS. 0)],8.000r /min 5min, reanic matter 14.17 19.73 34.35
(mg/kg)
, 500pul [100mmol/L Tris « HCI
(pHS. 0), 20 mmol/L. EDTA (pHS. 0). 500 mmol/L. NaCl, Community L
type broad-leaved  leaved Mixed leaved
1.5%SDS 1,65 C 30min, ’ 500pl forest forest forest
/ (viv=24:1), ,10000r /min
10min , 0.25(v/v) 0.11(v/v) 5mol/L KAc(pH4.8), 10000r /min 10min, 0.6(v/v)
, —20C 30min,12,000r/min 10min, s 30pl TE ( RNase 5pg/ml) o,
DNA ( UV-7401PC ) o
A DNA ., Ay DNA ; UTHSCSA ImageTool . DNA
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1.2.2 RAPD 15pIPCR »1 X Taq ,0. 15mmol /L. 4 XdNTP,1U Taq (
), 10ng DNA, 20pmol ( Sangon );1. 5mmol/L MgCl,;2pg/pl BSA, DNA
s DNA.
PCR SRX-481 PCR RAPD PCR (
6C ),94C 5min; 94 C 1min, 40 C Imin,72 C 1. 5min, 35 372 C S5min,
RAPD 1.4% C  0.5pg/ml )y 1XTAE, ADNA/(EcoR T +
Hind 1l ) . ,Leica o
1.3
(1)RAPD ADNA/(EcoR T + Hind T ) s s
“17, “0”, o
(2) POPGENE32 .Shannon .Nei .
(3 t o
(4) Excel .
2
2.1 DNA
DNA 10 ( ) RAPD s DNA
s s 13 o 13 2,
2 RAPD 13
Table 2 Sequence of 13 arbitrary primers
Primer Sequence Primer Sequence Primer Sequence
S21 CAGGCCCTTC S58 GAGAGCCAAC S125 CCGAATTCCC
S35 TTCCGAACCC S96 AGCGTCCTCC S127 CCGATATCCC
S36 AGCCAGCGAA S102 TCGGACGTGA S2115 ACGCGAACCT
S38 AGGTGACCGT S105 AGTCGTCCCC
S42 GGACCCAACC S123 CCTGATCACC
2.2
13 3 36 DNA RAPD s 4~10
. 36 88 , 6.77 / . 74, 84.09%C 3),P1 35
P2 29 .P3 28 , 39.77%.32.95%.31.82%. 3
k) :P1 >P2 >P3
, P2 P3 °
2.3 Shannon 33
4 s Shannon Table 3  Percentage of polymorphic loci within 3 populations of
, 0.1924~0. 2463, 3 Sargentodoxa cuneata
0
0-2105. P1 P2 _ No. of Total No. of Percentage o; v
P3 ° t ’ 3 Population samples of loci polymorphic loci polymorphic loci
° P1 12 88 35 39.77
, S123 , 0.5428, P2 12 88 29 32.95
S35 , 0.0383. P3 12 88 28 31. 82
Total 36 88 74 84.09
Shannon
C 5,
s ° 0.2105,
0.4818. , (55.27%), 44.73%.,
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2.4 Nei 4 Shannon 3
Nei 3
6, Shannon 3 Table 4  Genetic diversity within 3 populations of Sargentodoxa
P1 P3 P2 cuneata estimated by Shannon index of phenotypic diversity
., .’
/ 3 P2 P3 Primer P1 P2 P3 Average
b b o A}
. S96 0.3212 0.3072 0.1894 0.2726
Shannon s
S102 0.2023 0.3230 0.1854 0.2369
P2 P3 . S123 0.5650  0.3990 0. 6644 0.5428
. S123 . 0. 3831, S125 0.0999  0.2978 0.1019 0.1665
S35 ) 0.0242, Shannon s127 0.2352  0.0440  0.4388 0. 2393
S36 0.2782 0.1787 0.2853 0.2474
° S42 0.0999  0.1776 0.0999 0.1258
7 »Nei 3 s21 0.1006  0.3022 0 0.1343
0. 3283, 0.1463, S2115 0 0. 2005 0 0. 0668
0.1820, 0.5406, 3 S105 0.2898 0.1470 0. 0893 0.1754
S38 0. 8081 0.1024 0. 3586 0.4230
’ ’ S35 0 0.0260  0.0888 0.0383
Shannon o Gst S58 0.2023 0 0 0. 0674
0.4018, o Average 0.2463 0.1927 0.1924 0.2105
2.5 3 Variance (S2) 0.0513 0.0161 0.0391 0. 0208
POPGENE Nei
s 8 :P1 P2 ,  0.6158;P1 P3 , 0.6776;
P2 P3 , 0.7459, (Unweighted pair group method with
arithmetic mean, UPGMA) s P2 P3 , P1 C D,
5 Shannon 3

Table 5 Partitioning of the genetic diversity among and within 3 populations of Sargentodoxa cuneata estimated by Shannon index of phenotypic

diversity
P ti { genetic diversit P t f tic
. Within-population Total genetic diversity ropor lenAO gene IC, tversity . rgpor ton ol gene 1L,
Primer o . within-population diversity among population
genetic diversity Hpop Hsp
Hpop/Hsp (Hsp-Hpop) /Hsp
S96 0.2726 0. 4760 0.5727 0.4273
S102 0.2369 0. 3847 0.6158 0. 3842
S123 0.5428 0. 8036 0.6755 0. 3245
S125 0.1665 0.2654 0.6275 0.3725
S127 0.2393 0.4541 0.5271 0.4730
S36 0.2474 0.5668 0. 4365 0. 5635
S42 0.1258 0.2741 0.4590 0.5410
S21 0.1343 0.2573 0.5218 0.4782
S2115 0. 0668 0.2252 0.2968 0.7032
S105 0.1754 0.6241 0. 2810 0. 7190
S38 0.4230 0.9543 0.4433 0.5567
S35 0.0383 0. 7585 0. 0505 0. 9495
S58 0.0674 0.2194 0.3074 0.6926
Average 0.2105 0.4818 0.4473 0.5527
Variance (S2) 0.0208 0. 0597 0. 0307 0. 0307
2.6
3 9 o ,  Shannon
(r=0.9904,P<C0.01), R , r>
0.05), pH s (P>0.05); Nei

Shannon
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Table 6 Genetic diversity within 3 populations of Sargentodoxa R
cuneata estimated by Nei index , .P1
Primer P1 P2 P3 Average 39.77% ;P2 32.95% ;P3
S96 0.2162 0.2216 0.1328 0.1902 31.82% 84.09%
. 03 . 0o
S102 0.1452 0.2180 0.1288 0.1640 ’
S123 0.3967 0.2850 0.4675 0. 3831 '
S125 0.0714  0.1940  0.0578 0.1077
S127 0.1513 0.0235 0.3016 0.1588 s s 3
S36 0.1934 0.1224 0.2002 0.1720
S42 0.0714  0.1213  0.0714 0. 0880 ‘
S21 0.0721 0.2166  0.0000 0.0962 3 -P1 P2
S2115 0.0000  0.1435  0.0000 0. 0478 ,P3 . POPGEN32 Shannon
S105 0.2047  0.0950 0.0612 0.1203 ,3 ,P1
S38 0.5799 0.0739  0.2491 0. 3010 i
’ P2 .P3 . Nei
S35 0.0000 0.0120 0.0607 0.0242
S58 0.1452  0.0000  0.0000 0. 0484 Shannon ’ 3
Average 0.1729 0.1328 0.1332 0.1463 . P1 .
Variance(S?) 0.0260 0.0082 0.0193 0.0104 P2.P3 P2.P3
P1 s o
(P>0.05),
i (P>
3 0.05), P2 P3
.P1 P2.P3
1 3 . Nei , UPGMA
Fig. 1 The dengrogram produced by POPGENE soft for 3 ,P2 P3 s P1 .
populations of Sargentodoxa cuneata 1z,18]

7 Nei 3

Table 7 Genetic differentiations among 3 populations of Sargentodoxa cuneata estimated by Nei index

Gst
Primer Total gene Within population Genetic differentiation Estimate of gene
diversity, Hr gene diversity, Hg among populations, Gsr flow from Gst, Nm
S96 0. 3152 0.1902 0. 3966 0.7608
S102 0.2711 0. 1640 0. 3951 0.7656
S123 0. 5546 0. 3830 0. 3094 1.1160
S125 0.1748 0.1077 0. 3839 0. 8025
S127 0. 3150 0.1588 0.4959 0.5083
S36 0. 3787 0.1720 0. 5458 0.4161
S42 0.1756 0. 0880 0. 4989 0.5023
S21 0.1763 0.0962 0. 4543 0. 6005
S2115 0.1463 0.0478 0.6733 0.2426
S105 0.4151 0.1203 0.7102 0. 2040
S38 0.6727 0. 3010 0.5525 0.4049
S35 0.5313 0.0242 0. 9545 0.0239
S58 0.1414 0. 0484 0. 6577 0.2602
Average 0. 3283 0.1463 0. 5406 0.4018
Variance (S?) 0. 0302 0.0104 0. 0302 0. 0894
P1 s (Quercus glandulifera var. brevipetiolata ) . (Frazxinus
insularis) . (Heptacodium miconioides) . s s
, s s . P2
(Pinus massoniana) . (Schima superba) ,P3 s P2.P3



y y 8 3
Table 8 Genetic identity and genetic distance among 3 populations

of Sargentodoxa cuneata

Populations P1 P2 P3
Shannon 3 P1 — 0.6158 0.6776
P2 0. 4848 — 0. 7459
- 0 [~ 90/, 1
43. 6874 » 5632045  Nei P3 0. 3892 0. 2931 —
3 0. 5406, . .
K * Nei s Nei’s
’ genetic identity (above diagonal ) and genetic distance (below
’ ° Gst diagonal)
0.4018 B
’ 9 3
’ Table 9 Correlation of the genetic diversities within 3 populations of
’ ° Sargentodoxa cuneata and the ecological factors
’ ’ ’ Shannon Nei
o ’ b
( ) Ecological ables Gnetic diversity estimated Genetic diversity
’ ’ cological variabies by Shannon index estimated by
, s of phenotypic diversity Nei index
R . Altitude (m) 0. 8750 0. 8687
pH pH value —0. 8742 —0. 8807
3 Total nitrogen 0. 9904 * * 0. 9999 *
(mg/kg) ’ :
Total phosphorus
0. 8504 0. 8432
s R s (mg/kg)
Organic matter
o —0.7162 —0.7067
(mg/kg)
b A} Y Al
* P<0.01, ; % % P <C0.01, high notable
b
correlativity
b b
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