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An analysis of genetic differentiation between Stipa grandis populations in

middle and eastern Inner Mongolia steppe
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Abstract:Stipa grandis P. Smirn, an important perennial tussock grass in the Inner Mongolia steppe in China, is palatable for
livestock and rich in nutrients, and is grazed by cattle and sheep at different stages of its growth cycle. Form. Stipa grandis is
one of the major formations of the moderately-temperate steppe in Central Asia, and has considerable ecological and economic
importance as it is not only suitable for grassland farming. but also provides an environmental defense for the Beijing-Tianjin
area.

Studies about Stipa grandis started in 1950’s. The geographical distribution, growth and photo-physiological
characteristics of Stipa grandis have been well documented, but molecular markers were used in the study of Stipa grandis in
just recent years and documents are still lacking. In the present study, eleven sites were selected from the Form. Stipa grandis
in the middle and eastern Inner Mongolia steppe. In each site, leaves of Stipa grandis plant were harvested for RAPD analysis,
and at the same time, plant community investigation was carried out for five representative sites of the eleven.

Eighteen oligonucleotides screened from 100 random decamer primers were selected to analyze the eleven populations of
Stipa grandis, which produced profiles with intense and well-separated bands. A total of 221 bands were produced from the 18
selected primers with an average of 12. 28 bands per primer, among which 121 bands were polymorphic. Twenty-five unique
loci were obtained, accounting for 11. 31% of the total amplified loci, and the percentage of unique loci was significantly
correlated with aridity (+=10. 76, P<C0. 01) and with cumulative temperatures above 10C (+=0. 81, P<C0. 01) along the

environmental gradient. Genetic distances between geographic populations of Stipa grandis ranged from 0. 084 to 0. 761, with
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an average of 0.243. A UPGMA dendrogram based on the genetic similarity coefficient matrix showed that the populations
were most likely to be clustered if their geographic locations were nearer. A Mantel’s test indicated that there was a significant
correlation between the genetic distance and geographic distance (g >> g 005) in a larger range containing all of the 11
populations. As for the 8 populations within the Baiyinxile Farm, there was no correlation between genetic distance and
geographic distance (g< gy.05)» which was consistent with the results of the dendrogram. It may be reasonable to suggest that
rainfall and temperature were the major factors that affected genetic differentiation of Stipa grandis on a larger scale (about
240km), and that on a smaller scale (below 50km) where the variation of rainfall and temperature was not significant, a
combination of several environmental factors was responsible for the genetic differentiation of Stipa grandis populations.

The composition, species frequency and importance value, and Shannon’s index of five communities differed from each
other. The similarity between communities were computed using the Pearson correlation method based on the importance
values of the species and a dendrogram based on the similarity coefficient matrix was constructed using UPGMA in NTSYS-pc.
This dendrogram was similar to the one that was established using the corresponding populations of Stipa grandis based on
RAPD data. Further analysis with Mantel’s test indicated that there was a positive correlation (+=0. 7703, g>>g.05) between
the similarity coefficient matrix of the five Stipa grandis populations and that of their communities.
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1
Table 1 Habitat information of the investigated populations of Stipa grandis
. =10C (ml)
. Population °N) CE) (m) (C) Total Annual
Location . . . L Type of use

code Latitude Longitude Altitude temperature precipitation
Linxi L 43.43 118. 08 750 2688 380 Trial
Keshiketeng K 43. 38 117. 65 930 2496 380 Intermediate grazing
Baiyinxile 1 Bl 43. 49 116.7 1300 1944 380 Mowing
Baiyinxile 2 B2 43.51 116.8 1300 1776 400 Mowing
Baiyinxile 3 B3 43.57 116. 74 1300 1872 380 Intermediate grazing
Baiyinxile 4 B4 43. 85 116. 43 1170 2208 340 Heavy grazing
Baiyinxile 5 B5 43.5 116.79 1300 1776 400 Mowing
Baiyinxile 6 B6 43.53 116.7 1300 1944 380 (12a)Abandoned (12a)
Baiyinxile 7 B7 43. 6 116.73 1300 1872 380 (22a)Abandoned (22a)
Baiyinxile 8 B8 43.63 116. 38 1170 2136 340 (22a) Abandoned (22a)
Abaga A 43.97  115.17 1170 2448 250 Heavy grazing

B1~B8: ( ) 8km, 3km, .
20km | N . The plots from Bl to B8 were set in the following locations :

8 km south to the Leymus chinensis Plot of the Inner Mongolia Grassland Ecosystem Research Station of the Chinese Academy of Sciences
(shorted as IMGERS-CAS), 3 km north to the Gasong Mountain, the terrace of River Xilin, 20 km north to Baiyinxile Farm. the southern slope
of the Gasong Mountain, the Leymus chinensis Plot (IMGERS-CAS), the deteriorated grassland Plot (IMGERS-CAS) and the Stipa grandis
Plot (IMGERS-CAS); = the same below
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Zo.00s)s 3000 (permutation) 5 2z 8
(r=0.1658,2=0.539<go.05)» 3000 (permutation) , 889 2 .
(>200km) , s (<50km),
2 ( ) RAPD ( )

Table 2 The geographic distance (below diagonal) among different geographic populations of Stipa grandis and their genetic distance (above

diagonal) indicated by RAPD data

P. code L K B1 B2 B3 B4 B5 B6 B7 B8 A
L — 0. 187 0. 330 0. 250 0.279 0.293 0.274 0.267 0.276 0.269 0. 353
K 34. 84 — 0.283 0.228 0. 200 0. 254 0.213 0.198 0. 227 0. 220 0.315
Bl 110. 60 76.96 — 0.198 0. 200 0.263 0.203 0.188 0.227 0.191 0.277
B2 102.78 69.49 8. 30 — 0.110 0.158 0.176 0.161 0. 181 0.134 0. 270
B3 108. 30 75.74 9. 36 8.16 — 0.130 0.105 0.112 0.112 0.106 0.271
B4 139. 85 110. 45 45.11 47.70 39. 54 0.184 0.199 0.199 0.163 0.323
B5 103. 49 70. 05 7.28 1. 36 8. 68 48. 08 0.103 0.125 0.119 0. 744
B6 110. 95 77.77 4. 40 8. 30 5. 44 41. 30 7.92 — 0.111 0. 084 0.761
B7 109. 61 77.48 12. 34 11.37 3. 40 36. 50 12.00 8. 07 0. 094 0.723
B8 137.77 105. 26 29. 88 36. 10 29.55 24.53 35.78 27. 86 28.19 0. 749
A 240. 26 208. 75 133. 30 139. 87 133.08 101. 66 139.53 131.62 131. 27 103. 77 —
L 3 Mantel
K
Bi
B2 Table 3 ~ Mantel test between genetic distance and geographic
— |_‘ ];: distance among different geographic populations of Stipa grandis
B6 Item L.K\A,BI~B8 BI~BS8
:: Permutation 3000 3000
B4 Standard normal variate 2. 684 0.539
| | - A Correlation coefficient 0. 6058 0.1658
L 1 Il
0.70 0.75 0.80 0.85 0.90 0.9s 1.00 Mantel Mantel Coefficient 2363. 81 188.12
b R & Similarity coeffcient Iteration 2995 2111
z Pos from nearest end 5 889
Level of significance 0.0017 0.2963
2 UPGMA RAPD
4 RAPD
Fig. 2 The agglomerate classification of different geographic
populations of Stipa grandis using UPGMA method Table 4 The percentage of unique loci among different geographic
2.3 populations of Stipa grandisi indicated by RAPD data and some
( environmental factors in their habitats
DNA ) s s 25 =10C
)
s 11.3%., Population Total number Number of
) . . Percentage of Total K
code of loci unique loci ) ’
C 4, s unique loci(%) temperature
, K L 161 8 1. 97 2688 1.13
K 158 2 1.27 2496 1. 05
’ ] r=20.76
Bl 158 3 1. 90 1944 0. 82
(p<<0.01); 10C . B2 161 0 0. 00 1776 0.71
(r=0. 81 »<0 o) B3 166 0 0. 00 1872 0.79
‘ B4 165 5 3.03 2208 1.04
2.4 B5 160 0 0. 00 1776 0.71
5 . B6 170 0 0. 00 1944 0. 82
B7 170 1 0.59 1872 0.79
: Shannon 5. 5 B8 173 0 0. 00 2136 1.0l
»5 N A 147 6 4. 08 2448 1.57
o 5 Pearson K =0.16>,¢/r; >,t: 10C (C) Accumulated
,  UPGMA C 3. 2 temperature (Z=10C ) ;7 Percipitation in the same period

RAPD ,  Mantel , (mm)

o
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Table 5 Species composition, frequency. importance value and diversity index in five plots

Community code

Specics K Bl B2 B3 A
F F F 1A% F F
% IV (% IV D 9% (% IV (%) V%)
Gramineae
Stipa grandis 96 10. 3 56 20.2 28 8.5 88 23.1 38 16. 8
Stipa baicalensis 40 0.3
Cleistogenes sguarosa 100 9.8 52 2.9 16 3.9 100 13.5 96 28.1
Festuca venusta 12 1.1
Koeleria cristata 1.4 1.5 28 3.5
Leymus chinensis 100 10. 2 100 16. 4 80 5.2 100 15.1 20 4.8
Achnatherum sibiricum 64 3.1 24 2.5 24 .9 12 2.3
Setaria viridis 12 0.2
Setaria viridis var. depressa 0.1 0.4
Agropyron cristatum 1.4 4 7.5 4 3.5 59 6.6 2 6.0
Legumen
Melissitus ruthenicus 8 0.7 24 0.9 16 1.1 6 0.9 2 1.2
Melilotus suaveolens 12 1.8
Lespedeza davurica
Thermopsis schischkinii 1.2 4 0.7
Oxytropis aciphylla 24 0.6 12 0.2
Oxytropis ochrocephala 0.2 0.5 2 0.9
Caragana microphylla 34 2.7 16 1.4
Gueldenstaedtia pauciflora 0.5 4 0.2
Vicia sepium 4 1.1
Composite
Filifolium sibiricum 32 2.3
Saussurea japonica 12 0.8 8 0.4 3 0.7
Heteropappus altaicus 40 2.7 16 1.1 4 .7 8 2.1
Artemisia frigida 92 9.7 64 5.6 8 0.6 66 6.5 18 2.5
Artemisia pubescens 24 1.4 88 1.4
Artemisia scoparia 16 2.2 8 7.1
Leontopdium conglobatum 72 2.2 28 1.7 8 0.8
Izeris chinensis 1.4
Serratula chinensis 3.3 32 2.4 12 2.2
Scorzonera austriaca 3.4
Other
Allium tenuissimum 36 1.7 20 1.1 16 1.8
Allium macrostemum 4 0.8 6 2.9
Allium anisopodium 24 3.0 3 1.2
Allium mongolium 1.6 16 0.3 0.5 3 1.8
Asparagus dauricus 2 0.3
Scabiosa tschiliensis 8 1.2
Mentha davurica 24 0.4
Scutellaria scordifolia 32
Scutellaria baicalensis 0.5
Euphorbia esula 1.1
Corispermum chinganicum 4 2.8
Kochia prostrata 8 0.9 24 0.4 8 1.1 19 1.8 10 0.6
Chenopodium acuminatum 26 8.2
Chenopodium glaucum 64 0.7
Chenopodium album 66 4.3
Ceratoides latens 0.8
Axyris amaranthoides 24 0.7

Salsola collina 4 0.5 6 1.0 82 10. 6
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S
Ephedra sinica 4 3.7
O Erodium stephanianum 4 0.9 0.2 0.5
Thalictrum petaloideum 4 4 0.7
Thalictrum tenue 8 0.4
Thalitrum squarrosum 12 1.1
Thalitrum petaloideum 32 0.5 8 0.5 4 0.2 9 0.8
Clematis hexapetala 8 2.8
Galium verum 4 1.8 28 1.7 1.5
Potentilla bifurca 40 1.3 4 0.8 8 0.1
Potentilla multifida 12 0.7 6 0.7
Potentilla acaulis 28 1.2 44 1.2 8 0.2 28 1.1
Potentilla tanacetifolia 28 1.3 36 0.4 20 1.3 13 0.8
Potentilla longifolia 36 0.7 8 0.6 6 0.9
Stellera chamaejasme 12 0.7 8 1.1
Bupleurum chinense 4 1.1
Saposhnikovia divaricata 40 1.2
Carex korshinskyi 100 23.3 100 27.1 88 27.8 28 1.9
Dontostemon micranthus 38 1.7 4 0.6
Dianthus chinensis 12 0.1
Cymbaria dahurica 20 0.5 0.8
Linaria vulgaris 16 0.4 1.7
Pedicularis resupinata 12 0.2
Belamcanda chinensis 72 1.1 60 2.2 8 0.4
Iris lactea 40 4 28 2.1 3 3.6
Polygala tenuifolia 8 .8
Haplophyllum dauricum 0.7
Lappula deserticola 6 0.9
Shannon (HD) 2.47 3.17 4.33 2.53 1.58
H = — > (PlgP); F Frequency; IV Importance value; IVi = (Di/ > )Di + Hi/ > Hi + Bi/ >, Bi)/3; D Density; H Height;
B Biomass
K 6 RAPD (
Bl ) ( )
B2 Table 6 The similarity coefficients (below diagonal) among different
L{ B3 geographic populations of Stipa grandis indicated by RAPD data and
A the similarity coefficients among their communities indicated by
0.4;0 O.ISS 0.7I0 0.55 EM species importance value (above diagonal)
ffteE KB Similarity cocflicient Code K Bl B2 B3 A
K — 0.678 0.614 0. 831 0. 466
3 UPGMA Bl 0.717 — 0. 891 0. 883 0.166
Fig. 3 The agglomerate classification of species importance value in B2 0.772 0. 802 N 0- 945 0-497
B3 0. 800 0. 800 0. 890 — 0.597
five plots using UPGMA method A 0. 685 0.723 0.730 0.729 o
C 6)G=0.7703,g=1.7646>>g¢.05) .
3
s RAPD , RAPD
. Michelmore B, , 10%, 18
P s
N s s DNA s
( 15 ) : :
il RAPD s
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