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Abstract: Climate is the most important factor that determines vegetation types and the distribution of species, and,
accordingly, these features are two of the most prominent indicators of climate change. Currently, scientists generally agree
that climate change will inevitably lead to changes in plant community structure and function, and if this change continues,
the effects will be profound and enduring. Existing research shows that simulated warming causes an increase in biomass in
Deschampsia caespitosa, Carex alrofusca, and Leymus chinensis; as climates change, these constructive species and their
main companion species within a Kobresia humilis meadow have experienced an advancement in their spring phenology and a
delay in their autumn phenophase. In addition, the photosynthetic rate of Deschampsia caespitosa in a Northwest Sichuan

alpine meadow has increased. Although the change in stomatal conductance was irregular, a significant decrease has also
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been observed in the sodium, potassium, and phosphorus content of leaves. However, relatively little research has been
conducted on the effects of simulated warming on the genetic structure and diversity of plant populations. Against the
background of global climate change, the temperatures of the Inner Mongolian desert steppe have become unevenly
elevated, with average annual temperatures increasing from 8.1°C in the 1950s to 9.0°C in the 1990s. The present study
explores the effects of global warming on the genetics of wild forage plant populations with different life forms in desert
steppe habitat, in an effort to elucidate their potential to adapt to environmental change. The study site was located in the
desert steppe in Siziwangqi territory of Inner Mongolia. Suspension infrared radiators were used to create a controlled
warming experiment under otherwise natural field conditions. Warming began on May 3, 2006. The average soil temperature
at depths of 0, 7.5, 15, 30, and 50 cm increased by 1.32, 0.92, 0.88, 0.80, and 0.74°C , respectively, after warming for
1 year compared with the average in plots not exposed to warming. For this study, changes in genetic diversity and structure
were analyzed in four plant populations: (1) small half shrubs, represented by Kochia prostrata; (2) perennial grasses,
represented by Stipa breviflora; (3) perennial forbs, represented by Allium tenuissimum; and (4) annuals and biennials,
represented by Salsola collina). The study was conducted under simulated warming pressure and genetic analysis was
performed using amplified fragment length polymorphism. The percentages of polymorphic loci in K. prostrata, S. breviflora,
A. tenuissimum, and S. collina under non—warming were 11.32% , 40.83%, 14.29% , and 19.85% , whereas those under
simulated warming were 11.32%, 39.91%, 13.10%, and 19.12%, respectively. The genetic diversity of the four
populations measured under control and simulated warming, measured by the Shannon’s information index, were as follows
K. prostrata (0.0274, 0.0259), S. breviflora (0.0812, 0.0899) , Allium tenuissimum (0.0131, 0.0084 ), and S. collina
(0.0506, 0.0456) . These findings exhibited the same distributional pattern as that of Nei’s genetic diversity index for K.
prostrata (0.0447, 0.0430) , S. breviflora (0.1354, 0.1466) , Allium tenuissimum (0.0267, 0.0182), and S. collina
(0.0811, 0.0733). Cluster analysis of these four species showed that known of the species reacted significantly to the
warming process, and that inter-individual clusters were not significantly different. The results of an analysis of molecular
variance (AMOVA) indicated that the main source of variation among the four life form populations was within-population
variation; K. prostrata (85.03%) , S. breviflora (66.35%) , A. tenuissimum (70.00% ), and S. collina (66.52%). The
among — groups variation was not significant and accounted for the following percentages of variation: K. prostrata
(-2.81%) , S. breviflora (=5.47%) , Allium tenuissimum (=3.60% ) , and S. collina (2.53% ). No statistically significant
correlation was found between simulated warming and genetic differentiation. This study shows that a short period of
simulated warming was not sufficient to create a significant change in genetic diversity and structure for the four life form
populations studied here; however, compared with the three types of perennials studied, the annual plant S. collina, is
more susceptible to the effects of warming. Perennials and annuals have different genetic responses to warming. This study
provides experimental evidence that can reveal the potential adaptation of plants to environmental change for different life
forms of wild forage plants of the desert steppe, and will help researchers to predict forage yield and changes in forage

quality.
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MG R TE HLBR AR B K W oA e R PR R TTAE AR SIS B N Ao A5 S b 3sk = e ik Y 19 s ke
kRS ERT, AT A R PR AE A b SR 5 EAE M RIS 45 F AT RE R BIE | QBRI AL R 8 T 25 S Mk
B2 AR ORISR B8Rl % 5L ( Deschampsia caespitosa) BB E % ( Carex alrofusca) |
B (Leymus chinensis ) 1A= 90 A P44 N 5 988 W5 0 ) Sl AR R 00 26 b 2 2R ) M S0 B2 T, Bk 2R 0 M 19 4
R 1 PG b vy JE v A ) A o ( Deschampsia caespitosa ) O W) ' A T R B0 i AR S AL S R AR AR B R
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b B B R AR AR X L ( Kobresia humilis ) Y] R TR AT AT R BA A
RS AR T RS I B AR AR B R R BOR A Y BN AR AR Y B >, s
SEL R T 32 Bh IR R SR I A/ NFE ( Triticum aestivum) Hi b AE YR PR BRGSO Tk
FREE . AR R RS D RGN TR 2 v R B TR i AR IR A N A K
TR 515 Z2 FEPE LB AL Z5 0 A DT SR AR D

FEABREMAE TSR, P E S SHEELA T B EAES . 3T 50 M0 & B, 52l IR X
AR A I AR R R A, AR Eh Y IS | P S vl i T AR S R s 2T v R ST IR
M50 AEARAY 8.1°CHEINE] 90 4FEARY 9.0C .

SR T S A b T AR AR X A A R GE IR o [ 2K A SRR R A ZE W B, AR TR R AT AR 5
HEAT T ABRAR BT S I I 8] 1 X I i e DR v 45 M R A 25 R e D RE 1R S PR s Wi ) 4 IR S R
ARG R N S0 AR BOPE7 e DU T S 56 H 7 S350 B A B Tl AR A e 5 JBL ) — S WL 3t A5,
Ak 52 5 22 B T DY - R —BA . TER R RS Y AT, LALLM SRS f MRS 2 i o
BT PR R AT AR S R G IR ST . eI 280 R AL B — 4 AR L Y Ocm, 7.5em,
15¢m,30cm Fl 50em L3EP- IR AL 5 RS IR FE AR LE P23 T 1.32°C,0.92°C ,0.88°C ,0.80°C ,0.74C 1,
HRTTEIZ S50 XN O 2 BT R 19 92 96 )R, B ADLH R A e 82 7 )t b B9 AR 125 (Stipa breviflora) (138
(Artemisia frigida) . JG 1= B F L ( Cleistogenes songorica) . K il ( Kochia prostrata) ., Bl [ JiE 48 ( Convolvulus
ammannii) M2 (Allium tenuissimum ) 3 2538 75 YL /T, B0 55 22 K AE KDY (B K B B 3% 1 o £ e e
W12 VAT B BRI A I AR 5 DL R A G 3 VR I A AR VB R S AR AR R A R R IR
AMGEERE T 4 FATE AR, 70 0l )& FHER 2 WE KR (Shrubs  half shrubs) AR MK | 22 4F A4 7R ¥ ( Perennial
grasses ) INFGALET 5P | 245 H: Z4 8B (Perennial forbs ) BN 2V Je— | A HE AW (Annuals and biennials ) H fY)
¥ B (Salsola collina) , iz Y 14 Fr Bi K B 275 (amplified fragment length polymorphism , AFLP ) 755  #fF 5%
TRk J3E 38 TIRE e 5 e D 4 o A 3T AR W) e R 45 R RS AR 2 R RS2 B8 7R DA 2006 4FE 5 A 3 H TR IR 2
2012 4E 7 14 H, 3R 4 TR RIRE 545 2206 P RS HDLIE 5L i) mi J7 5 44 | Ay F0000 B A AR i) 7 ot B 2 Ak
RAERF A S R GEARE M AR IUIE R S A [ A 3% R F) B A A0 B 58 A8 A F) i o7 v e A At S B i

1 MR

1.1 FEHBABEAL B 3R 1

SEYSFE b ST AE N S PO N A< N S AR BE U ERESC IR F kb b PR O ARZE 111°
53'41 7" ,Jb4f 41°46'43 6" IR = B 1456m , AFE R FEK 208 248mm , AF-FH R 2—5C , IR IS5 1
X R AL T P 5y R BH L L ik DAL K 2% 5 A g D DX 094 S R PR 5% oy D ) B A AR A, At
JE DX ] S Y5 DX gk 9 ) R A P A R ) R SR A AR R, SRV i D U RR (R R S B S5 R TR DA R A3
AT FLAL TR Y AR SO, R P T i —FhREiR i o S A AR R R G A A R A RGPS
Tt Vol R D P B R A Y 2SR R s R AR R LA, 2 A K SR A (RN e RE
I B E MR HIZ R, IR IR T DU 5 SRR ) S R [ ) oy A DY, R AR R R
FHACET E 8+ OB R R R R 3 BN Sem , HAI B ESFR IR, 351 R 129%—18% , Fh S 41 Wi
R HYEVE R H 20 ZFMEDI AL, EREF A AEE 5 R HFONEE OB B IR N A 2
AR W3R 1,

ZFEHLAE T A [ AR S T AT A 28 RG4S 5 18 T R R A B /N DX DG B A B /N IX, AR AREE 6 1R
A 12 AN/INX B P IR AL FR N DRI BN XN BERL A, B/ D X T BN 3mx4m = 12m* ;78 6 43
T /INX 45 2 — AT IR AR 2% (Infrared Radiator) PEAT BN 125 B 5 o Bk TREM P g 107 AT LB
CLAMRIRIT KT 45 R SE BT AR AR B . ZL AN 5 2% B 55 EMA A 1E Kalglo HAL /2 F] (Kalglo Electronics
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Bethlehem, PA,USA)AE " 75 M/ [RIRE 223 HT T B H AT BB (BN 22 KT A8, I AT 63k 96 JL % 8
FEHB AR AR BRSBTS IR . DA 2006 4F 5 F 3 HIOTIRNE, Fts @ RIILE 1,

R1 HEMAEYNEFRIREREN
Table 1 Composition of plant life forms within the sampling plots

T HE T A T ) A 35 Y Y Bl

Type of plant life Plant species Plant life forms Plant species

% B Artemisia  frigida, A M Bk Kochia

TR CEHEAR R . AT N 546 B ¥ Stipa breviflora, TG 15 B2 F B
Shrubs , half shrubs prostmta\/J\M [op Y Caragana mlcrophylla\ﬁé P il o Cleist o ica BB Loymus chinesis

rubs , half shrubs W53 )L Caragana stenophylla erennial grasses eistogenes songorica ymus chinesis

[if (G € 46 Convolvulus ammannii . 41 M 2
- Allium  tenuissimum . %% 1 Ak Allium . it & Neopallasia pectinata . ¥ & 3% salsola

£ Juk N . N
yﬂiﬁzmﬁfﬁ mongolicum . F. H 16 ¥ K Astragalus \ég/ﬂjﬁ% . collina . J| 8 22 Chenopodium aristatum . & 15 7
Perennial forbs Annuals and biennials

galactites KAV B Iris bungei Maxim |~ L portulace oleracea

S .
7 Carex duriuscula

1.2 FRARES DNA $2HL

2012 4E 7 A FERIY) A K HE RN | 0 1) R A 184 0/
DXFIRE B/ X B A bR R AR 26 Ak 28 0 B3R (
W6 C6 /N X Hf A -l R 6 S A5 A /D, 080 o M it
TSI . FEEA/NX AR 5 AR AR,
PRA R TTH BE A ) IO 55 R FHJC K st T 5
BT 2ml AP ST RO R AR R A L R

K H CTAB BB BOE 24 DNA'™S' ) B R I
HLUKAEIN DNA S8, FHER AN 66 BE TR I DNA 4
FERNMRRE . 254 BL—HH 25 OD (A ) THFE 1.8—2.0
Z ] R Fr $E A DNA 46 & 7T T AFLP A4
YE. ¥ DNA YREEFS B2 50ng/ L, T-20°CAR-AE4
1.3 PCR ¥¥ 58341t

AFLP #3428 Vos' ' S5 A9 751k, EcoR T Al Mse 1
V) e i e 4 S EAT WY 3, SO AR T . 94°C TAR 4

3min; (94°C, 40s; 60°C, 40s; 72°C, 60s) x35 fH¥E; B #iREE
72°C ,10min, FEFFEPIIN 32 XTEPEAED 3G 51 4 Hh i ik Fig.1 Schematic plots

S WHEE R 8 A A JEWIEE A £ S IR IIEE/INX (W1—W6) 3 AL B ( Warming ) /NX, FI 8 /N X
PRSI S5, 3R 8% o Pk EE (1O IR Conmel) Zhix
FCHE I LUK R I, R G 5 = R TR, R
AFLP 547 K/ 100—1500 bp , % R UK ZE R | [l — B2 4 A T T 41t , A S mic 1™,
ST 07, 3545 01 451,
1.4 Bdsatr

FRAE AFLP K150 01 F5F% | 43 5 FH POPGEN 1317 4453 4 Fh A= 135 RS A B8] ()57 05 8%, 2278540
JBL, 23T EH 03 (PPB) |, Nei's JE R ZAEMEFE AL ( He ) |, Shannon's 15 B AREL(1) gt {5 —SUE Fst G IR
FIFH NTSYS 2.1 1 BT AR ACE AR - 271 (UPGMA ) 824 . HAIM Arlequin3. 111 8434743 705 2243
Bt S A8 53 53T o
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Table 2 Sample of four life forms plants
CRERY Y Fh INK A REL At
Plant life forms Plant species Community and individual number Total
INAEREAR K b ik B Wi w2 w3 W4 w5 W6 122
Small half shrubs Kochia prostrata 12 15 10 15 10 0
pagilst C1 C2 c3 c4 cs C6
12 13 10 15 10 0
ZEERK RIAEE S R Wi w2 w3 w4 w5 w6 132
Perennial grasses Stipa breviflora 14 11 11 13 14 5
pagilst C1 C2 c3 c4 cs C6
15 13 9 13 7 7
ZAR R 42 B w1 w2 w3 W4 w5 w6 168
Perennial forbs Allium tenuissimum 14 13 14 15 14 14
it R Cl 2 C3 C4 cs C6
14 14 15 14 13 14
— AR WEH R Wi w2 w3 w4 W5 W6 132
Annuals and biennials  Salsola collina 13 14 12 13 14 0
it 8 Cl 2 C3 C4 cs C6
14 14 13 11 14 0
2 HREHWR

2.1 B ZREE ST

2t POPGEN 1.32 B4R BTHE , ARHUK 5 XI5 190915t 106 M7, Horxd BUNIX 280 i 12 4, 2
AL IR 11.32% 3R/ INX Z A 12 4, ZBALE A 738 11.32%, FALEZE 5 X514 3 218
A S, A X BN X 2 PEL S, 89 A, Z LA Ll 40.83% s HEE/INX ZAVENL S 87 A, 2B H TR
39.91%,, 40205 X519 s 1 84 AL, Hop i /N 28 AL 12 4, 2807 5 H 40 % 14.29% ; 1l
INKZSHENL LA, 2B E R 13.10%, B S X51PP 1 136 A7 85, Hirp X R/NX 228540k
D05 27 A, 2L H R 19.85% ; BT/ NX Z AN 26 A, ZBMLE H 3% 19.12%, Nei's JEH ZHEPE
F640 5 Shannon’s {5 B8 %508 8 £ A%, 4 Bk P %t B 538 AL BE R 19 Nei's JE P Z AL PEFE 20 (He ) 4305010
0.0274,0.0259 ( ALk ) ;0.0812,0.0899 ( %5 4E %15 ) ;0.0131,0.0084 ( 4 I Z) ;0.0506,0.04569 (#& E3R) .
Shannon's 5 BFEEE (1) 2054 0.0447,0.0430 ( A HBJK ) ;0.1354,0.14669 (56 4E5T3E) ;0.0267,0.0182 ( 4
Z0);0.0811,0.07339 (&) , 4 FAEYI AL 1R AL HH ARG A 8] (3815 22 S8 /N (2 3) o B R AL B O SR b Ho gt
e Z v AR B RS
2.2 Lotk

WL —BUE RS AE IR B R TR RIS FA I R SR G R, A —BUE R 8% I BB/, W) B 2
KRBT, MR 4 ] WAL F LSS0 2 Z0RTRE B S I 5 0 B ] 09 1345 — 35038 43 110 0.9999,0.
9963,0.9994 ,0.9929 ; i {£ FH £ 43 %I >4 0.0001,0.0037,0.0006,0.0071, FH % 38 1015 — 508 /N 0.
9929 , it f& I B it 4 0.0071,

WAL — R, K AT NTSYS 2,10 BF 347 HE AL 20 F 34 3 (unweighted pair — group method with
arithmetic means, UPGMA) B2, & 2 2y 4 FAE Y A9 AST] /DN DX T0] 11 58 28 1], JH v A il JEK 344 38 Ak /N X Wa
W1 W3 2l YR BN C5 . C4  C3 B = —Z R KU WL — | = R = G R I A e 1
FIGT R /N X BB R K2t A4 26 AR C1 AT C2 W T W2 .C3 FITC6 3X 6 AN/INX A3 i 3 /A0 [] b 34 i — 2%
R HEAEE =S PRSP A AR A At 2009 C1 A Wa TERL— 2R 25, W2 W3 I C3 TE— R,
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SRIGIRIR S C4 W6 1 C5 TE B = . = DU IR FEE3E W3 F1 W5,C4 il W4, W1 Fil W2 43I i — 2 32K
R A B, A UL 4 B4 IF 1% A Fie PRI R 55 % B A0 3 %) 3 Sl AN ) A 7 Stz BRI B A LA
CIE

R3I 4TEYHEESHESN

Table 3 Genetic Diversity of four life forms plants

Nei's J&[H o ¢
- AL YWD 3 . o Sh 's [ BAR
HEIF s i FEURI - FEMMADE - gy gy Shamon's A
. - - . The number of  The percentage of . Shannon’s Information
Plant species Treatment The number of loci . . . . Nei's gene .
polymorphic loci  polymorphic loci L index
diversity
AR Hiftk Kochia prostrata X 1R 106 12 11.32% 0.0274 0.0447
R 106 12 11.32% 0.0259 0.0430
At 106 13 12.26% 0.0268 0.0445
45 AE%F 2 Stipa breviflora Xt R 218 89 40.83% 0.0812 0.1354
H R 218 87 39.91% 0.0899 0.1466
&t 218 90 41.28% 0.0863 0.1428
iy PO 84 12 14.29% 0.0131 0.0267
Allium tenuissimum AR 84 11 13.10% 0.0084 0.0182
#it 84 12 14.29% 0.0109 0.0229
1B Salsola collina X} R 136 27 19.85% 0.0506 0.0811
R 136 26 19.12% 0.0456 0.0733
A1t 136 28 20.59% 0.0522 0.0834
R4 ATEYREEEE —BEFEEES
Table 4 Genetic identity and genetic distance among groups of four life forms plants
Gi=R7Lk e — 2 AL TR RS T Fh LA — B G HE B
Plant species Genetic identity ~ Genetic distance  Plant species Genetic identity Genetic distance
AR Kochia prostrata 0.9999 0.0001 N2, Allium tenuissimum 0.9994 0.0006
JEALER S Stipa breviflora 0.9963 0.0037 ¥ T2 Salsola collina 0.9929 0.0071
A Cl . Cl
C2 L C2
4
W4 — Wi
[ — —L =
w5 w4
Wi W3
C3
w2 W6
w3 w2
—
L ! ! ! _:\ C3 \ ! ! I — C5
0.986 0.989 0.992 0.995 0.999 0914 0.934 0.955 0.975 0.995
C cl D Cl
W4 W3
W2 W5
W3 C3
e 3
W6 \CVS4
W1 W2
L C2 |
C6 —C2
1 1 r 1 W5 T T I ]
0.987 0.990 0.993 0.997 1.000 0.961 0.970 0.980 0.989 0.999

Genetic identity

B2 4FEFEREYH UPGMA REE
Fig.2 Dendrogram by UPGMA analysis of four life forms plants
A HARHBAK 10 A~/NXH) UPGMA SR2E B WEAEESH 12 /NX AT UPGMA R2EIE, C 428 12 /N XY UPGMA RZE[E D % B3
10 /X UPGMA [
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23 Il ESN

XF 4 FAEYI AT AMOVA 4387, 855 (3R 5) W/n UM (978 S R BORIE TREE T, b AR Hb Tk Fh B
WS % 22 85.03% , 424, 70.00% , 3 B IRZ 66.52% , FAb 5T FH /b 66.35% , 1M 4 Tk Hy 4 5 T 4b 2 i)
(AR SRR D53 50 R —2.81% (K HBIER ) \—5.47% (JEACEE ) \—3.60% (4NN 20) \2.53% (FEEK) . Hh A
JR JEAEET A0 20 A A BT () AR S SR R B (A, U B TRA B S AR R R A M e T BRI
RO FRE] A S B TR Y 2.53% , AR P EATISA R T 0.05 (B R BITERIIRAL I 6 4EZ 5 KR T —
FERRRE LIRS ARk, BB SRAE N — AR A, I 5 LA AR T U AN (W] A i S

R®S5 4TEYH AMOVA 547

Table 5 Analysis of molecular variance( AMOVA) for four life forms plants

T Fh 75 S R A AR 4y JERE NER S P i

Plant species Source of variation ~ Degrees of freedom  Variance component Total variance P value

ARHpJk Kochia prostrata LbH[E] 1 -0.05898 -2.81% 0.95210
AT P FHER] 8 0.37325 17.76% 0
FIHEA 112 1.78710 85.03% 0
&t 121 2.10137

SEAEETSF Stipa breviflora LbFA] 1 -0.72446 -5.47% 0.92473
Jab ER A PR ] 10 5.19586 39.22% 0
FIHEA 121 8.77814 66.35% 0
&t 132 13.24954

Y2 Allium tenuissimum b i) 1 -0.03056 -3.60% 0.93541
A0 PR Y ] 10 0.83427 33.60% 0
FPHEA 156 0.59386 70.00% 0
#it 167 0.84836

¥ E3K Salsola collina Ab B[R] 1 0.11645 2.53% 0.27468
A0 PR Y ] 8 1.42646 30.96% 0
FIHEA 123 3.06511 66.52% 0
A1 Total 132 4.60802

1T 25 541 (nested analysis of molecular variance ) 53T 4 FALY)FRRE N Ab BH P9 FREEB] AL B E] ) 35245
IMEFRE(FR 6) o ALIRIAI A B AL S AR, bR Bk AR S5 A0 208 0 57{F (-0.02807 ,—0.05468 .~
0.03602) , A BB IE(E (0.02527) o BLHAARHIR JAES 5 (A0t 20 3 M) n9 s 4% 0 Ak 5 1 iR Ak 2
ZIAIIFTCARSCNE M BRAERIRAL I Z TR T —E R BE 2 5

x6 4TEYHEEILRE
Table 6 PHI-statistics of four life forms plants

) FREA I L L A Ak T AR V) 352 % 53 R Ak T i 353 % 531 R R
LiEEZEi A . -
. PHI-statistics within PHI-statistics among PHI-statistics among
Plant species . . A
populations populations within groups groups

ARk Kochia prostrata 0.17277 0.14955 -0.02807
JHAEET S Stipa breviflora 0.37182 0.33748 -0.05468
Y2 Allium tenuissimum 0.32432 0.29998 -0.03602
I3 Salsola collina 0.31759 0.33483 0.02527

3 ifiRESiR
AT T ARATR I AORAHE TH s FERF AN AR AT R B AR S R G IR SR R TS A R
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W2 55 el i A= 25 R GE 1 G0 AT (e B B 2T AN AR S5 (Infrared radiator) 7] LA [R] B 5200 i 4 PR -+
B Y T BRI T R AR B T
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