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Genetic Diversity of Pinus tabulaeformis Populations at Different
Altitudes in Guangtushan Mountains and Relationship to
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Abstract: To investigate the genetic diversity of Pinus tabulaeformis distributed in different altitude regions
and explore the association of P. tabulaeformis with the environment the relationship between genetic diversity and
environmental factors were analyzed. Inter Simple Sequence Repeat ( ISSR) technique was used to evaluate the ge—
netic diversity and population structure of 118 individuals from four natural populations of P. tabulaeformis at differ—
ent altitudes in Liaoheyuan National Forest Park Hebei Province China. Thirteen random primers produced a total
of 177 securable amplified fragments. The genetic diversity of P. tabulaeformis population level and species level
was PPL =60.2775% h =0.2171 1=0.3222 and PPL =98.33% h =0.38142 [=0.5550 respectively.
The level of genetic variation varied regularly with different altitudes. The highest level of genetic variation of the
population was observed at the altitude of 13544274 m( Pop2) . The high value of differentiation ( Gst =0. 6562)

and analysis of molecular variance ( AMOVA) indicated there was significant genetic differentiation among populations

1201141-01 12012-01-05
( €2008000231)
o E-mail: liming@ hebau. edu. cn

o E-mail: baojiagao@ 163. com



3 : 351

and about two-five of the variation occurred among populations. Pearson correlation analysis further revealed that
the genetic diversity within populations was significantly correlated with the altitude and soil nutrient factors ( i.

e. organic matter available phosphorus and available phosphorus) . Mantel tests showed that there existed
a correlation between the genetic distances among populations and the distance of elevation and the divergence
of soil nutrient factors. The results of the present study suggested that the genetic differentiation among popula—
tions of P. tabulaeformis from different altitudes may be caused by the ecological factors of different altitudes
and gene flow.
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Table 1 The environmental data for the four natural populations of Pinus tabulaeformis

Populatiaon
Ecological factors Popl Pop2 Pop3 Pop4
(m) Alitude 1484 ~ 1430 1354 ~1274 1129 ~ 1091 1002 ~901
Longitude 41°18.515° ~41°18.553"  41°18.351° ~41°18.429" 41°18.786" ~41°18.869° 41°17.952" ~41°18. 038~
Latitude 118°28. 676" ~118°28. 898~ 118°29. 006" ~ 118°29. 210~ 118°30. 075" ~118°30. 205" 118°31. 912" ~118°32. 137~
Forest composition + + + + + + +
(%) Total nitrogen 0. 2637 0. 1541 0.2433 0.2140
(%) Total phosphorus 0. 0344 0. 0664 0. 0306 0. 0369
(%) Total potassium 0. 1740 0. 1759 0. 1728 0.1729
( mg/kg) 1. 5482 7.5262 8. 0854 10. 0686
Available phosphorus
( mg/kg) 299. 6763 217. 8734 186. 8580 222. 8854
Available potassium
( %) Organic matter 6.9761 4.0127 3.0142 5.3625
Sampling number 28 30 30 30
) o (20ul) : 50 ~ ISSR
60ng; Mg2 * 2.5 mmol/L; dNTPs 0.25 mmol/L; : Mantel
0. 4pmol/L; TagDNA 10U, (
1 94°C Smin 94°C 30s (
53°C 45s 72°C 2min 35 72°C
7min . 1.5% ! o
uvp )
° 2 2.1
0 ISSR (
1.3 ) DNA
(1) o IS- . . 13
SR 1 ( 2) 4 118
0 0/1 : DNA . 13 177
POPGENE 32 Dominant( ) Dip- 10 21
loid( ) (PPL) 280 ~1600bp . 177
( Na) . ( Ne) . Shannon
(1) Nei’s 2 ISSR
; POPGENE 32 Table 2 Primers and their sequences used for ISSR analysis
Nei’s 537 537
Gst = ( hT _hs) /hT Shannon Primer Sequence Primer Sequence
( I]—Is) /I] hs Is 808 AGAGAGAGAGAGAGAGC|| 827  ACACACACACACACACG
Nei’s Shannon hv]‘ IT Neis 809 AGAGAGAGAGAGAGAGG]| 828 TGTGTGTGTGTGTGTGA
811 GAGAGAGAGAGAGAGAC|| 834  AGAGAGAGAGAGAGAGYT
Shannon WINAMOVA 812 GAGAGAGAGAGAGAGAA|| 836  AGAGAGAGAGAGAGAGYA
( Excoffier 1995) ( AMOVA) 818  CACACACACACACACAG| 849  GTGTGTGTGTGTGTGTYA
° 820 GTGTGTGTGTGTGTGTC || 855 ACACACACACACACACYT
( 2) o SPSS 18.0 Pearson 826 ACACACACACACACACC
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(PPL)  98.33% Shan—
non I=0.5550 Nei’s Ne\ h+ I Popl
h=0.3814( 3) ( Pinnus < Pop4 < Pop3 < Pop2

massoniana) (h=0.2765) "

e, 1200 ~ 1300 m .

:PPL  60.28% [I=0.32221 S

h=0.2171 Na =1.6028 Ne=1.3752( 3).

PPL.I.h

3

Table 3 Genetic diversity parameters of four natural populations of Pinus tabulaeformis different altitudes

Nei’s Shannon
Population No. of samples Number of (%) Na
polymorphic loci PPL Ne h I
Popl 28 111 61.67 1. 6167 1. 3335 0.197 0.2973
Pop2 30 107 59. 44 1. 5944 1.3974 0.2263 0.333
Pop3 30 114 63.33 1. 6333 1. 4077 0.2357 0. 3486
Pop4 30 102 56. 67 1. 5667 1.3623 0.2093 0. 3099
Average 108. 5 60. 28 1. 6028 1.3752 0.2171 0.3222
Total 118 174 98. 33 1. 9833 1. 6872 0. 3814 0. 5550
2.2
4 AMOVA o
42.45% Nei’s ( ISSR
57.55% )
4 POPGENE 32 0 ( 5)
Nei’s Gst  43.24%  Shannon 1484 ~1430m  Popl 1002 ~901Im
41.95% o 3 Pop4 (0.6116)
2/5 (0.4917) ; 1129 ~ 1091m
. 4 Pop3 1002 ~901 m  Pop
Gst ( Nm) 0. 6562 (0.9609) (0.0399)
o Wright *
Nm <1
4
Table 4 Genetic differentiation for populations of Pinus tabulaeformis different altitudes
AMOVA
Variable s by Nm o i i (lids) 11t Amor?g Withi‘n
populations populations
42.45% 57.55%
Species level 0.2171 0.3825 0. 6562 0.4324 0.3222 0. 555 0.4195 (P<0.01) ( P<0.01)

s 0.0141 0. 0203 0. 1824
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5 ) 2.3
( ) SPSS 18.0 Pearson 30 IS-
Table 5 Genetic identity (above diagonal) and genetic dis— SR
tance (below diagonal) among populations of Pi— 6)
nus tabulaeformis
& 5 Nei’s Shannon
Popl Pop2 Pop3 Pop4 ( P<
Population 0. 05) ,
Popl — 0. 8664 0. 6241 0.6116 (P>0.05) .
Pop2 0. 1434 — 0. 6346 0. 6359
Pop3 0.4714 0. 4547 — 0. 9609 ( h ‘[)
Pop4 0.4917 0. 4526 0. 0399 —
6 Pearson

Table 6 Pearson correlation analyses for the relationships between genetic diversity parameters within populations of Pinus

tabulaeformis ecological factors

Nei’s Shannon
Soil factor Na Ne Number of Percentage of
h 1 polymorphic loci polymorphic loci
Total nitrogen 0. 506 -0.505 -0. 406 -0.338 0. 505 0.506
Total phosphorus -0.334 0.331 0.241 0. 189 -0.333 -0.334
Total potassium -0.103 0.119 0.05 0.024 -0.102 -0.103
Available phos— -0.497 0. 628 0.581 0.523 -0.496 -0.497
phorus
Available po- 0.293 -0.853 -0.791 -0.736 0.292 0.293
tassium
Organic matter -0. 346 -0.872 -0.947" -0.954" -0.347 -0. 346
s 0.05 0.01 4
* %% Significant at 0. 05 and 0. 01 levels respectively. df =4 the same as below
7 Nei’s
Mantel ( N N )
7o 7 Nei’s N
(r= N N N
0.762) .
21 22
7 Mantel

Table 7 Mantel test between matrix of Nei’s unbiased genetic distances and matrixes of divergence of ecological factors of

different altitude distance at Pinus tabulaeformis

Divergence of ecological factors

of different altitude

Genetic distances among different Pinus tabulaeformis populations

Correlation coefficient ( r)

Level of significance ( P)

Altitude
Total nitrogen
Total phosphorus

Total potassium

Available phosphorus
Available potassium

Organic matter

0.762 0.078
-0.51624 0.294
0. 637198 0.174
0. 750211 0. 086
-0.21957 0. 676
0.419911 0.407
0. 34767 0. 500
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(PPL = 98.33% I =
0.4899 h =0.5550)

o

1
(1~10
18% ~33%)
N 1110 m
(PPL= 63.33% h =0.2357 I=0.3486)
1457 m
(PPL =56.67% h=0.2093 I=0.3099)

950 m

(PPL = 61.67% h =0.1970 I =0.2973) .

o 1110m
1457m
N 1~10
(18%)
( P >0.05)
( Pinus massoniana)
21 23

. ( Heptacodium miconioides) N

( Betula luminifera) 8
3/5
2/5,
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