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Genetic differentiation within and between Leymus chinensis populations from

different zones of Mid-Eastern Inner Mongolia steppe

LIU Hui-Fen'?, GAO Yu-Bao'*,RUAN Wei-Bin', CHEN Lei', LI Chang-Lin',ZHAO Nian-Xi', WANG
Dan' . College of Life Science, Nankai University, Tianjin 300071,China; 2. Tianjin Agricultural College, Tianjin 300384 ,China). Acta
Ecologica Sinica,2004,24(10) :2157~2164.

Abstract : Randomly amplified polymorphic DNA(RAPD) analysis was applied to five populations (100 individuals altogether)of
Leymus chinensis {from different steppe zones of Inner Mongolia. The number of DNA bands amplified per primer was 15. 7 on
average. The number of DNA bands amplified per plant among the five populations decreased with the increase of longitude,
and there existed a negative correlation between the number of bands per plant and the longitude. A total of 496 amplified
fragments were detected using 31 random primers. among which 489 loci (98. 6% ) were polymorphic. The genetic diversity of
Leymus chinensis was relatively high and the genetic variation existed mainly within the populations (Nei Index and Shannon
Index were 85.4% and 72.5% respectively). High intraspecific genetic diversity of Leymus chinensis was the genetic basis for
its adaptive ability to various environments, its wide distribution and high tolerance. The genetic diversity level among the five
populations varied with their geographic locations that differed in environmental factors such as humidity and temperature.
Natural selection pressure might have had an effect on the level of genetic diversity. In terms of proportion of polymorphic loci
and genetic diversity of the populations, Keshiketeng population had the highest genetic diversity, followed by Abaga
population, and Huolinguole population had the lowest genetic diversity. A strong flow occurred among the populations, with
the number of migrants per generation (Nm) being 1. 622, which might have prevented Leymus chinensis populations from
differentiation due to genetic drift. Similarity and genetic distance matrices were established from the RAPD data on the basis

of Nei’s estimation methods, and dendrograms were constructed based on UPGMA clustering. The average genetic distance
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among the five populations was 0. 5095, varying from 0. 4684 to 0. 5476, which indicated that there were relatively high genetic
variations and differentiations among the five populations in the study area. There was a significantly positive correlation
between genetic differentiation and geographic distance among Leymus chinensis populations. The populations from farther
locations were clustered into a group lastly, while the populations with shortest geographic distance were not aggregated in the
first group. These results implied that the level of genetic differentiation of Leymus chinensis was related in a large scale to
environment gradient, but was affected in a smaller scale by more ecological factors of its habitat.

Key words : Leymus chinensis; RAPD; geographic populations; genetic differentiation
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Table 1 The environmental data for the five populations of Leymus chinensis
C°N) CE) (m)
Population code Sampling site Latitude Longitude Altitude Soil type Community type
Pl 45. 4 119.7 1015 + O
P2 44.5 117. 4 1156 +
P3 44.0 115.0 1206 + ®
P4 g 43.5 116. 6 1323 + @
P5 43.5 116. 7 1370 + @
* s(DStipa baicalensis + Leymus chinensis; 2) Stipa grandis + Leymus chinensis; ) Leymus
chinensis—+herbs
1.2 DNA 2 31 5 RAPD
Clark™SDS Table 2 Number of RAPD loci and proportion of polymorphic loci
DNA, DNA 100 RN Aase DNA : detected with 31 primers for five populations of Leymus chinensis
4 o av b
0.5% EB  0.8% /
Populati Pol hic Percentage of Number of
; DNA »—20C ° oputation Total loci © ymoArp ¢ polymorphic uAm LAr ©
code loci . loci/primer
1.3 loci(P)
Operon , 100 10 P1 288 232 80. 6 9.3
DNA P2 315 258 81.9 10. 2
a1 P3 419 366 87. 4 13.5
~ e b
P4 354 304 85.9 11.4
C 3.
P5 436 391 89.7 14.1
1.4 PCR Total 496 189 98. 6 15.7

25[.11 ’
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: 10X Buffer 2. 5pl , MgCl,(25 mmol/L) 2pl,dNTP (10 mmol/L) 0. 5pul, Tag DNA Polymerase (5U/pl) 0. 2pl (
Sangon Ltd. ) »Primer (5pmol/L) 1pul (Operon ) 17. 8pl, DNA 100ng . Gene PTC-
100 PCR RAPD, :94 C 4min; 94 C 40s, 36 C lmin, 72 C 2min, 40 3
72 C 10min,
1.5
1.4% (  lpg/ml EB) . 1 X TAE, SD005
, o ( ) 1, 03
1.6
@)) s DNA 0.99
El?io P= /
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. P .
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s (Hsp-Hpop) /Hsp .
(3)  Nei (19l
Hy=1— >,(OPi/n)?/n,
Hy=1— >,(>,P/n)/n,
» P 7 1, .
Dsr = Hy — Hy
Gsr = Dgy/Hy
N, = (1 — Gs) /4Gy
4 N Nei  Lit'® ,RAPD
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Shannon C 3, 3 s
3.662, 5. 049, orPQ17 (6.109), OPNO09
(2.292). . (72.5%) , 27.5% .
27.5% s OPQO7
(88.9%), OPAO02 (44. 2%,
2.2.2 Nei Nei B C D Shannon
s s (0.632),
(0.501), :P5>P3>P4>P2>P1, Nei 5 0.146,
s 14. 6%, 85.4% 0
3 Shannon

Table 3  Partitioning of the genetic diversity between and within populations of Leymus chinensis with 31 primers estimated by Shannon’s

diversity index

Primer Hpop™ Hsp®  Hpop/Hsp®  (Hsp-Hpop)/Hsp™ Primer Hpop™ Hsp®  Hpop/Hsp® (Hsp-Hpop) /Hsp®
OPAO1 2. 804 4.971 0.564 0. 436 OoPQ12 3. 570 4.993 0.715 0. 285
OPAO02 2.123 4. 802 0. 442 0. 558 OPQ14 4. 655 6. 051 0.769 0.231
OPAO03 1.767 2. 880 0.613 0. 387 OPQ16 2. 489 3. 360 0. 741 0. 259
OPAO07 4.526 5. 936 0.762 0.238 OPQ17 4. 241 6.109 0. 694 0. 306
OPA08 2.104 3.110 0. 676 0. 324 OPNO03 4.343 5.922 0.733 0.267
OPA09 3.422 4. 645 0.737 0.263 OPNO05 5. 053 6.028 0. 838 0.162
OPA10 3. 824 5.720 0.668 0. 332 OPNO08 4.288 5.992 0.716 0. 284
OPA13 3.327 4. 654 0. 715 0. 285 OPNO09 1.583 2.292 0. 690 0.310
OPA18 3.759 5.393 0.697 0.303 OPNI11 3.781 4.705 0. 804 0.196
OPA19 4.781 5.930 0. 806 0.194 OPN12 3. 696 5.279 0. 700 0. 300
OPA20 3.798 5.261 0.722 0.278 OPN13 3. 371 4.568 0.738 0.262
OPQO3 3. 851 4.979 0.773 0.227 OPN14 4.236 5.799 0. 730 0.270
OPQO5 4. 487 5.387 0. 833 0.167 OPNI15 3.403 5.269 0. 646 0. 354
OPQO6 2.744 3.787 0.724 0.276 OPNI16 3. 845 5. 826 0. 660 0. 340
OPQO7 5.308 5.972 0. 889 0.111 OPN20 4.470 5. 797 0.771 0.229
OPQO09 3. 869 5.113 0. 757 0.243 Mean 3.662 5. 049 0.725 0.275
@ Hpop Within-population genetic diversity; @ Hsp Total genetic diversity;(3) Hpop/Hsp

Within-population diversity as a proportion of total genetic diversity; @) (Hsp-Hpop)/Hsp

Between-population diversity as a proportion of total genetic diversity

2.2.3 Nm s Gsr N, (
4, s N, 1, 4.504, 0.786, 1.622,
. Shannon Nei .
2.3 N
RAPD ( ) DNA . 5
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Table 4 Genetic diversity for five populations of Leymus chinensis and their genetic differentiation among them estimated by Nei’s index

Primer P1 P2 P3 P4 P5 HSY HT® DST® GST® Nm®
OPAO1 0.272 0.576 0.467 0. 390 0.526 0.446 0.521 0.074 0.143 1. 501
OPA02 0.297 0. 485 0.429 0. 282 0.367 0.372 0.458 0. 085 0.187 1. 089
OPAO03 0.417 0.271 0. 380 0.663 0. 801 0.506 0.614 0.108 0.175 1. 176
OPA07 0.723 0.519 0. 650 0.736 0.621 0. 650 0.746 0. 097 0.129 1. 680
OPAO08 0.523 0. 000 0.420 0. 245 0.610 0. 360 0.474 0.114 0.241 0. 786
OPA09 0. 485 0.539 0. 600 0. 640 0.704 0.593 0.706 0.112 0.159 1. 318
OPA10 0.533 0. 367 0.545 0.536 0. 544 0.505 0.598 0. 093 0.155 1. 363
OPA13 0. 506 0.709 0.578 0.621 0.498 0.582 0.695 0.113 0.163 1. 286
OPA18 0. 000 0.621 0. 649 0. 665 0.551 0.497 0.571 0.074 0.129 1. 686
OPA19 0.658 0.655 0. 682 0. 669 0. 640 0.661 0.702 0. 041 0. 058 4. 054
OPA20 0.470 0.519 0. 580 0.436 0.537 0.508 0.594 0. 085 0.144 1.485
OPQO03 0. 586 0.638 0.619 0. 789 0. 757 0.678 0.752 0.074 0.099 2.275
OPQO5 0.597 0.552 0.697 0. 837 0. 734 0. 683 0.788 0.104 0.133 1. 635
OPQO6 0.423 0.511 0.497 0.392 0.717 0.508 0.603 0. 095 0.157 1. 342
0OPQO7 0.736 0.658 0.541 0. 630 0. 649 0. 643 0.711 0.068 0. 095 2.367
OPQO09 0. 506 0. 707 0.506 0. 634 0.581 0. 587 0. 680 0.093 0.137 1.578
oPQ12 0.541 0.521 0.417 0.691 0.598 0.553 0. 650 0.097 0.149 1. 432
OoPQ14 0.597 0.633 0.583 0. 545 0.721 0.616 0.702 0. 086 0.122 1. 794
OPQ16 0. 442 0. 147 0.524 0. 384 0.569 0.413 0.503 0. 089 0.178 1. 156
oprPQ17 0.771 0. 454 0.721 0. 547 0. 744 0. 648 0. 689 0. 041 0. 0599 3.920
OPNO03 0.567 0. 456 0.602 0.620 0.599 0.569 0. 666 0. 097 0.146 1. 465
OPNO5 0.677 0.577 0. 695 0.599 0. 635 0. 637 0.733 0. 096 0.131 1. 656
OPNO08 0. 499 0.671 0.599 0.523 0.595 0.578 0. 682 0.104 0.153 1. 381
OPNO09 0.105 0. 469 0. 461 0.357 0.571 0.393 0.517 0.124 0. 240 0. 791
OPNI11 0.509 0.582 0. 445 0.593 0. 697 0.565 0.663 0.097 0. 147 1. 454
OPN12 0.615 0.575 0. 607 0. 724 0. 691 0. 642 0.731 0. 088 0.121 1. 817
OPN13 0.521 0. 643 0.568 0.539 0. 547 0.564 0. 664 0.101 0.151 1. 400
OPN14 0. 687 0.572 0.592 0. 537 0.579 0.594 0. 725 0.131 0. 181 1. 132
OPN15 0. 475 0.534 0. 627 0. 631 0.713 0.596 0.718 0.122 0.170 1.216
OPNI6 0.473 0.597 0. 682 0.713 0. 746 0. 642 0.738 0. 096 0.130 1.676
OPN20 0.332 0.613 0.777 0.659 0. 760 0.628 0. 742 0.114 0.153 1. 381

Mean 0.501 0.528 0.575 0.572 0.632 0.562 0. 656 0. 09 0.146 1.622

—~
Z

gene diversity; @)
generation

3.2

Within-population gene diversity; @)
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Table 5 The similarity (above diagonal) and genetic distance (below
diagonal) of RAPD fragments shared among five populations of L. LA SR E T HE PS
chinensis detected with 31 primers YRR P2
Population code P1 P2 P3 P4 P5 BHER LR Pll | | . | | l
P1 — 0.5182 0.5268 0.4735 0.4738 0.10 020 030 040 0.50 0560
45 B W Genetic distance
P2 0. 4818 — 0.4901 0.4524  0.4628
P3 0.4732 0.5099 — 0.5316 0.5200
1 RAPD
P4 0.5265 0.5476 0.4684 — 0. 4860
Fig. 1 Cluster analysis of different geographic populations of
o 0-5z62 0-5372 04800 05140 Leymus chinensis in Inner Mongolia using RAPD data
3.3
.Shannon Nei s s
s
s s N
° s (P<C0.05),
P o s
, H s
s s o
o s
. ) (208 /m*), ; B3,
s 3 s (15 /m?),
s s s s
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s s s s s
P o
3.4 N
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