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Monitoring genetic dynamics of Caribbean pine populations under
different environments and management activities using genetic

markers

ZHENG Yonngi (Research Institute of Forestry, Chinese Academy of Forestry, Beijing 100091,China)

Abstract : [sozyme analysis of seeds collected from natural and managed populations of the tropical pine.
Pinus caribaea var. caribaea, was used to assess mating systems and population genetic structure. By com-
paring the genetic parameters of the managed with the natural populations, possible impacts of changed
growing condition on population genetic dynamics were detected. Six populations (consisting of 3 natural
populations, 1 managed seed stand and 1 clonal seed orchard in Cuba and 1 plantation population in
China) were assayed with 5 enzyme systems and 8 loci. In all populations except the over-logged island
population, both single and multi-locus outcrossing rates did not significantly differ from the complete out-
cross (¢=1). The multi-locus outcrossing rate and half of the single locus outcrossing rates of the over-
logged island population were smaller than the complete outcross. Both the average single-locus outcross-
ing rate and the multi-locus estimate were significantly smaller than that of the other three populations.
Isozyme variation and gene diversity of the over-logged population were found similar to that of the natural
population JAG. but lower than of the other populations. The inbreeding coefficient in the over-logged
population was larger than in other populations except the two populations of MAN and Chinese planta-
tion. The population of the Chinese plantation was exceptionally different from the Cuban populations by

displaying significantly larger isozyme variation and gene diversity. The genetic distances between the Chi-
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nese population and the Cuban populations were significantly larger than that among the Cuban popula-
tions. Results indicated that over-logging caused the increase of inbreeding and that establishment of well-
designed seed orchard can effectively reduce inbreeding. Given the changed growing condition and closely
related neighboring species, the population of the Chinese plantation may have undergone several possible
processes, such as bulking of seeds of different taxa or hybridization with related species (varieties).
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Table 1 Geographic information and number of seed-collection trees of populations of P. caribaea var. caribaea
(ND (W) (m)
Population Forest type Management Lat. Long. Alt. No. of trees collected
PAL N 22°36' 83°14' 20~30 15
None
JAG . 22°43' 83°38' 200~280 18
None
MAN None 22°38' 83°33' 70~150 14
MB]J o . ' ' =
*Q © 22°49 83°28 50~70 17
21°25' 83°00'
1D] *© @ 21°46' 83°02' 50~100 16
) 21°43' 83°55
SOR *@ ® 22°41' 83°53' 50 43
CHN x® ® 21 1000°(E) — —
* (DNatural , @)Seed stand ,@)Logged , @WSeed orchard . Plantation, ©)Genetic thinning, @over

logging , 8)Designed deployment, @ Introduction &. cultivation,
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Fig. 1 Natural distribution and seed collection sites
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1.6% . , 0.907, Aat-a  0.678 Pgm-b  1.004,
1.009, . ) Pgd-b  0.654 1dh  0.849,
0.798, 0.894, 10. 6% . Pgm-b
0.90  Mdh-b  1.007, 0.941, 0.985, 1.5% .
2 (G )

Table 2 Gene frequencies in pollen and ovule pools and significance tests of differences

Locus Allele Sample size Ovule pool Pollen pool Difference
Idh 1 259 0.163 (0.037) 0. 229 (0.026) —0. 066 ns
2 0. 837 (0.037) 0.771 (0.026) —0. 066 ns
Pgd-b 1 247 0.500 (0.036) 0. 488 (0.045) 0.012 ns
2 0. 279 (0.049) 0.295 (0.031) —0.016 ns
3 0.221 (0.049) 0.217 (0.032) 0. 004 ns
Pgm 1 275 0. 140 (0.034) 0.119 (0.030) 0.021 ns
2 0.465 (0.049) 0. 446 (0.030) 0.019 ns
3 0. 395 (0. 050) 0. 435 (0.040) —0. 040 ns
Mdh 1 241 0.070 (0.026) 0.131 (0.035) —0.061 ns
2 0. 930 (0.026) 0. 869 (0.035) 0. 061 ns
7S .
3 (s tw)
Table 3 Estimates of single and multi-locus outcrossing rates (¢, and ¢,,)
JAG 1DJ MBJ SOR
Natural stand Logged stand Seed stand Seed orchard
Ly s.e. s S.e. Ls s.e. s S.e.
Locus
Aat-a 0. 86 0.181 0.798 0.124 0.678" 0.133
Idh 0.942 0.277 0. 849 0.173 0.827 0.169 0.977 0. 079
Pgd-b 0. 888 0.111 0. 654 * 0.116 0.919 0. 097 0. 964 0.106
Pgm-b 1. 049 0.097 0.762 % 0. 095 1. 004 0.223 0. 900 0. 088
Mdh-b — — 0.959 0.138 1.007 0. 254
* 0.935 0.167 0. 766 * 0.127 0. 877 0.152 0.962 0.132
L 0. 954 0. 066 0. 798 * 0. 052 0. 907 0. 065 0. 941 0.053
x test 0.079 0.071 0.141 0. 000
L 0. 984 0. 046 0. 894 * 0. 038 1. 009 0. 086 0. 985 0. 050
tmtc 0.029 0. 058 0. 096 * 0.02 0.102 = 0. 049 0. 044 0. 028
I 5 10 ;s. e ;% 5% 5o
2.3 Hardy-Weinberg
Hardy-Weinberg ,  Pgd-b MAN  JAG
. PAL 1DJ Aat-a,.MAN  JAG Aat-b, MAN Pgm
Hardy-Weinberg . Aat-a,Pgd-a  Pgm , Hardy-Weinberg
0 s 3 ( MBJ Pgd-a  Pgd-b.ID]J

Aat-a  Mdh,.SOR Aat-a  Pgm) . 4
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Table 4 Gene frequencies in populations of P. caribaea var. caribaea
PAL (1> MAN (2) MBJ (3) JAG (4) 1DJ (5) SOR (6) CHN
Locus Allele 7
Aat-a (N) 80 57 102 108 174 63 88
1 0.3 0. 456 0.412 0. 301 0. 385 0.413 0. 409
2 0.7 0. 544 0. 588 0.699 0.615 0. 587 0. 591
Aat-b (N) 80 57 121 131 177 172 88
1 0 0.018 0 0 0.003 0 0.722
2 0. 988 0. 895 1 0.992 0.992 0.994 0.273
3 0.013 0. 088 0 0. 008 0. 006 0. 006 0. 006
Aat-c (N) 80 57 121 131 177 172 88
1 0.994 1 1 1 1 1 0.972
2 0. 006 0 0 0 0 0 0.028
Idh-1 (N) 80 57 102 110 148 269 62
1 0.169 0.132 0.201 0. 145 0.108 0.188 0. 355
2 0. 831 0. 868 0. 799 0. 855 0. 892 0. 812 0. 645
Mdh-b (N) 80 57 127 110 148 249 68
1 0.1 0.105 0.15 0.036 0.03 0.11 0.125
2 0.9 0. 895 0. 85 0. 964 0. 97 0. 89 0. 875
Pgd-a (N) 80 57 126 21 148 60 74
1 0 0 0.012 0 0 0 0. 088
2 1 1 0.984 il 1 0. 994 0.912
3 0 0 0. 004 0 0 0. 006 0
Pgd-b (N) 80 57 126 131 176 340 92
1 0. 313 0. 342 0. 444 0.431 0. 33 0.529 0.554
2 0. 256 0.57 0.23 0.271 0. 389 0. 404 0.272
3 0.431 0. 088 0. 325 0.298 0. 281 0. 066 0.174
Pgm (N) 80 Y 102 110 148 277 68
1 0. 081 0. 088 0.142 0.109 0.108 0.13 0. 007
2 0. 387 0. 447 0.353 0.541 0. 426 0. 444 0.279
3 0. 481 0.421 0.471 0. 336 0.436 0. 406 0.713
4 0. 05 0. 044 0.034 0.014 0.03 0.02 0
N °
2.5
JAG , (PAL  MAN) ( MBJ,
ID]J SOR) s 2.1 2.3, C 5.
50%  75%, 0.25  0.297, abj
JAG s . s MAN

o °

. (0. 35), ( ) 0.272 s
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Table 5 Values of average number of alleles per locus (n,), effective number of alleles per locus (n.), percentage of
polymorphic loci (P %), heterozygosity (I{.) and inbreeding coefficient within population (F;) and population differen-

tiation (F)

Na ne P (%) H, Fiy Fy
Population
PAL 2.300.3) 1. 60 62.5 0.274(0.094) 0.139 % *
JAG 2.1 (0.4) 1.57 50.0 0.250(€0.096) 0.107
MAN 2.300.4) 1.67 75.0 0. 286(0.086) 0.173 % *
MB]J 2.300.4) 1.55 62.5 0.297(0.097) 0.156 * *
1D]J 2.3 (0.4) 1. 60 50.0 0.253(0.101) 0.167 % =
Mean 2. 26 1. 60 60 0.272 0.148 0.020€0. 008) * *
SOR 2.3(0.3) 1.57 62.5 0.274€0.091) 0.09
CHN 2.4 (0. 2) 1. 64 87.5 0. 350€0. 065) 0.221 % *
b
Hardy-Weinberg . Fi 0, E parL F
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Fig. 2 Cluster tree by UPGMA analysis
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[ 2] Cheliak W M and Pitel ] A. Techniques for starch gel electrophoresis of enzymes from forest tree species. Informa-

tion report PI-X-42, Petawawa National Forestry Institute,1984. 49.
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