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Table 1 Name list and origin of A. squarrosum accessions
i SR A e} 25 (E) S (N) Kt
[apu 1 Higg LMk S TGX 100. 569425° 36.167223° 9
2 ERCECTEE iy 9 eIk =S DL 98. 12356° 36. 30618° 8
3 HNAE PR SRR R JT 104. 14665° 37. 36688333° 10
4 TE P DS R X K3 SPTSFC 105. 017492° 37. 464565° 5
5 WS R X SRR 2 8T 2 A WS 108. 7696167° 38.49305° 10
6 b 2o i R B L 2 T MQCHZ 102. 9874806° 38. 75816389° 6
7 T B AT LTI S MMH 106. 7819167° 38. 87045° 8
8 W5 BB X BT AT S 1L AYQMS] 101. 6755917° 39. 25014167° 10
9 NESUNEREIEN UE A ¥ ey it /308 AYQTK 101. 6880028° 39. 27606111° 10
10 PR 52 i IS LA R 7 XSW 109. 9625333° 40. 24143333° 10
11 WS AR X SRR Z AU E HIQHMT 108. 2474833° 40. 77873333° 7
e 12 ST FIA X PR i 2 16 5L DLXN 116. 4653167° 42.15573056° 10
13 PISET 35 K AR T s A s e ke e HLWR 116.357° 42. 83046667° 10
14 T THREHHER AR S AEX 122. 4278167° 42. 868° 10
15 P52 AL T 2% 2 NMQ 120. 4146472° 43.0168° 10
16 P St AL TR R U0 X R Dalin 122. 8434167° 43.7085° 10
ITS4, 51 ¥ F % F: 5’-TCCGTAGGTGAACCT- A

GCGG-37;5;R:5’-TCCTCCGCTTATTGATATGC-
3OXEEA AT PCR §7 1. PCR i SRR 20
pL:1.5 uL 341 DNA20 ng « pl 1), 10 pl 2
M (2X Taq Plus PCR Master:0.1 U « 47! Taq
Plus Polymerase, 500 pmol « L™" dNTP each, 20
mmol ¢ L™" Tris-Hel (PHS. 3), 100 mmol « L™
KCl.3 mmol « L' MgCl, , H e e 7 A i 551D
0.4 pl F W51 8. 0.4 ul F W50 4. 7.7
pLddH20, PCR ¥ #4795 C AP 3 min,
JEHEAT 32 DMEFS, BEAIRFR N 95 CAEME 30 s, 60 C
Bk 30 .72 CHE{f 1 min.H)5 72 CZEff 5 min,
PCR ¥ 28 BN Wl B I v vk 5 52 M Bk SR &R 52
RN J 2% 11 56 35 AR W) B 2 B A RS w4 Tl
RFH B

1.3 &HFK[KEFIHE

M WorldClim %% 3% E Chttp://www. world-
clim. org/ )P R 4 1950—2000 4E 11 2. 5" /r BER 1Y
19 MEBRKELHFIKKE, #:5 #H DIVA-GIS?. 5
S 16 ANFEARAR XTI 19 A A B AR 4 H T

1.4 XUEIFEL

R B FEF A 1) 26 03 B Al s - PR AT P R 0
SRIE M EZRAGAE B O G BERE i v ) s T
SRR HEERAE (2005-07-26 #E57) F &4
G2 15 19502005 47 KU K /N EHE » AL 4534 K
T e KR AR R XL

L5 HiEsitoHm

L5351 REMRERQ«)ITE

X ZEBUPEARAB AR 5 BE WK b 7~ i L 2 AR
FEAR R b b A= Wy R RRD R AR A B STk
FrBA N Z 7 220 (ANOV A I3 45 R R MR 1)
RN 5 25 Cot ) FIREAR IR] 7 22 (ot » 2 26 AL B0
Raeymaekers 555 [l 20 T F R B HOIR 22 53 Qsr
=oen/ (Gon+ 2006w o
1L.5.2 SFBEEER(Fa)tE

MR TTS Fric iy 5587 B PR L il 3 Arlequin
A S Fers R4 A Nm~ (1 — Fsr)/
AF e AR R 1) D sl L PR . E AR ] 199 33t
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LR EARYE AR For/(1—Fsp) "W FIMR. 540
AR AR A A8 S A S R A T4 7 2557
Hr CAMOVA) Al 84428 53 (9 7 BL s 2
1.5.3 RERKRMY(Eq)itE

PiIR Qor MUREC, THIE & A W AR B T R HEAR
W12 Copy) FREAA (8] 5 2 (o) FFAR G Esr = o™/
(ory T 200 ) HHHEMIE 22 . BA LT Qsr Fsr o
Es ZEHMHERE.
1.5.4 KAOS5FRBEMREXME

iz A 255 Z2 Ju Bl HE P 23 B 0/ Canoco
4. O X AR AR YRR N 5 XU R AT A DGR 23 T

A 823t M 43 A 3438 1k Excel 2010 #1 SPSS 11.5
AR

2 HBR55H

2.1 RBURER

AT XL A AN N Y Qse TR A BL L A b A
TRARFIHERS R AR ] Qsr B R IR T L B
RN Qe R TN Qsr» ISR TALTAN Qsro 73
Hb TR P T A PR Qe BOR T AL A 4L 1
REE 2,

R2 DRREEKRER(OQw)

Table 2 The difference of quantitative genetic divergence (Qs;) of the A. squarrosum

AR R P S M SR Mo b FyRife P
PEEZS 0.127 0. 0330 0. 0309 0. 457 0. 0981 0. 183 0. 205
[ 0. 270 0.145 0.164 0.125 0.197 0. 432 0.222
B[ 0.138 0. 0803 0.0715 0. 0793 0. 0951 0.181 0.107

2.2 EFITSHEETRE

B AL EBHELL VD K AY TTS 35 A% 48 S5 i
% 3R, BELLIE Fsr=0. 607, i BE 434k, 32
BV R B RELL B A7AE ) 2 s AG AR S, i e 2 )22
UK I8 S0 SR AR R o I B % R 22 A AR A B A4 o
Fefith . 55— TEREAL NS, m AR ALY For =
0. 324, b T2 B ¢ v, M AL HF ALY Fsr (A
—0. 0390, 18 i XeF 2 [ 0 2H P 36 PR3 A Ak B )
J2 BT 2 10 35 PR3 /D » AL TR s A A B
2] [F0] 00 g 505 2L AR AR [ 5 PRI <71, BB PR AN
REB 11 Rt 15 AR 5 | A B4R ] 19 382 % o0k, BEAAR
SR s A AW Zey) 1) BT [t e R AN B NI DR 955 b
>4, UL bR N, Ak s IR L 4l
VF1] 14) ot A2 B 8 A, D L 1A S % G R A, B &2
BEMER e m S AL, LB B e MR, = H UL
B2 () PN R A AR 352 15 22 FE 1 5 o o S A AR 35 A% A
TR E .

AMOVA Zp¥J7 22538 (& O R, BN BE
TRIEI I8 22 5 7 AR S0 14, 7206 BEIR Y A1
] B oA 2 S o RS S A 39. 34 %0, 11 AR 4L 1) Y
LA S R MR S 45. 93 %6, Ui I vb K il R
2 ] ) e A% A S i AR S A R EOR TR,

2- 3 QST5 FST tt?)?
WL Qg For HEATVERI (I D W] LA

®3 HTFEEER(Fa)

Table 3 The differentiation at neutral molecular

markers (Fsy)
44 Gy isA 2 LR BB EE B
B 0. 607 0. 162 1.54
il 0.324 0.521 0. 480
b [ —0. 0390 >4 —0. 0375

x4 DRATFEETRNAITFHESN
Table 4 Analysis of molecular variance (AMOVA) between
the southern group and the northern group of

the A. squarrosum

24 7 B
5 S Mo o i

HAal

2 i) 36. 838 0. 64907 Va 45. 93
AN R 1) 28. 862 0.20803 Vb 14. 72
HER A 58. 375 0. 55595 Ve 39. 34

B b For™>Qgr s TER AR RE AL N BRFh 7 KL A2 5F
Hoay 5 DRAMERAIE For > Qsr s MAEALTFRELL
M#RIZ Qsr=>Fsro (HICIE 2 F #RHE 4 I 2 L AR A
2 R IR 22 Fsr<<Qsro

2.4 WMERFME

7 8 B 1) 2 R R IR MR B [ 3 I [R] phe
TE B+ PRLH SO PR S B 5 gt A% 2 AP AR T &2
FEVEZ B R ATt — 2D 0 #r . @ X 16 A HE
PR B PRIE N 1 BEA T LE BT I e B B 22 e e W
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o S AR 1Y Qst .y Fory Esr 47 Ho 3L N3 6
L JI7R B B A FTFR R 42 Y Fsr = Qsr > Esro
. 0 AbHA 4 NSRRI 17 Fsr > Esr >Qsr s TEIX
o 040 SRR Fa) B B DK 2
& PHHS ML T B AL T R AR
0.20 SW ek Fh7E &
o . o e 2.5 FREWMERSRAMEKEME
0.00 AGB#th_I A4t
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” RAR M Qo B TF 1 Eo (3 6) . 5 1B 8)
S S VD F T LA AR VD B R 3R TR A T4F
030 T SEASL L Tk A iy AR PR 75 B T B SRR S8 4
c o R UK BEUR GO TR 57 HE . AT Canoco
. AT T R R IR 2 S R T SR 2
0.10 IEF. B exT R BT A % RSO 4T DCA 43
0.201 Jeipieen . 1, Z I Lengths of gradient £ KA N 0. 640, /)
015{ T 3. 0. HI ik FHEZR PR R RDA M50, [ Bisf 79 il
« 010 ] SR T 94 0% HAE S HErh o TR T AR
%0% o, e 1 90. 2%,
‘ NI 2 A L R FE L ek P PR
0.00 U TE A SE . MA PR 5 M RN AR 5
N PERBORT (3 1), Bl FRLAR 5 J5 K XU 19 A 56 1

PH SW STD BBL AGB SED

FAVHEAR

IARAMWER 2 57 (Qsr) H 4T+

BEER (Fa) LI
Fig. 1 Diplot of Qsr and Fsr

for A. Squarrosum
W5 NAERIGHEFHES 73 1 2 5 A REK &
e 2 R K B e T R B IR e R
U R B W 2 P A 7K DO T A K 2 1 B T i DA %
AR BB S Bt s B IR (GR 5)

A1

R (R*=0. 644) , R &P K (R* = 0. 415) ,
/NS R RUGH (R? = 0. 136) , 156 B I i XU g
SN RANFE MR AS K & T RS2 1) KR T X VD K
FRAREA —EPCEEM . R 5 5k
R A R (RP=—0.321), Vb KFRM
Ap 5t 5 ST 85 K XGE 1 RDA A 56 4 B & 3
(] 3) . FhPhife 54200 HZRAE 1 ) AKX
R R ARG, M AR N 5 H R K FE (7.8
HO B KRG 5 TEAH DG, U X AN b e K g 2

x5 RERRME(Ea)
Table 5 The differentiation at environmental heterogeneity (Esy)

e sk sttt | 5 LR sk SR b S b
bio_1 AR ST 0.122 bio_11 et 7 B - g 0. 471
bio_2 B iR2ZE A ¥IE 0. 246 bio_12 AEHREK B 0. 402
bio_3 S TRE 0. 333 bio_13 Fol H Bk & 0. 504
bio_4 T AR b i 2 0. 385 bio_14 T H Bk 0. 0223
bio_5 g A i 0.0121 bio_15 Rk 170 S 2R R 0.168
bio_6 5% A BRI 0. 394 bio_16 R 7 B e K 0. 469
bio_7 ARSI AR AR S R 0. 200 bio_17 I T 2R B K A 0. 0574
bio_8 R BT 2 IR 0.0288 bio_18 Fo R 2 i K i 0. 504
bio_9 TR 0. 480 bio_19 A B K E 0. 0300
bio_10 I I 2 S YA 0. 000150
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F6 DRREMERER(Qx) HFFREER(Fa) RIMEER (Ea ) L&
Table 6 The compare between with Qs Fsr and Egy

fe 25t Btk ftkRE RS e ek bR RPRR Ay
0. 607 0. 254 0. 127 0. 0330 0. 0309 0. 457 0. 0981 0. 483 0. 205
10 - RUPEAR 5232 7515 PE KL K/ B
EW 3 iq-ib,—ﬁgﬁi/k\,
3.1 REEHH
14@ 102 . /IjH BBL Y N
o0 \ 7. =3B 7 )RR I B H e 0 R 5 37
R Ay FRBEA0 7 7 b1 S350 » PR 1 A8 i 2
R Y PRI S TS th i e A SRR L AH I K
’ . B LT PR LA — i 1005 5 (56 2.,
"Woe S K B AREAL I AT B 32 A 4 58 ST 3
o FRI S A [ 15 5 U S8 M TR 55 22 % e PR
o s Y BRSO 57 PR ) T M43 0 7 K B 4
-1'91_0 0.0 1.0 FEARHR TR IR 22 S5 R V) SEnT A7y . Rl sp ey
i RS SEAEAEE SR — B BORBRSE Qur 5 For At
PHARR  BBLAEMAMEK  SW kR FEE  AGB LAy

STD,2XE#%  SED, fi-f-kif?

B2 T 16 MREAR RDA XUGE (Lat: 255 ; Long: 25
BE s AW SF 3 RGEH s MW . S5 KRG s EW . B R XU
Fig. 2 Biplot of the first two RDA axes

based on the 16 populations

TAMENE. VBB, VbR Al By i i T v
AAEYIN Qsr 5 FsrflFJe.

3.2 Qu-Fatt®

SR Fsr > Qsr» KW — Bt 658 3 2/E L B
PR AL TR P8 4 22 v o R e R A ] A A A

R7 REMRKBESHEEX R

Table 7 Correlation coefficients among character parameter of phenotype traits

bR S Fhrkiie M

BB M AR R 233

SRR R R

R R E 1

Py RERE  0.397 1
FiFRife  —0.426  —0. 344 1
el 0. 908** 0.358  —0.303 1
S 0,804 0.38  —0.577* 0.599" 1
AR 0827 0.759%%  —0.428  0.749**  0.713**
E23E S —0.464  —0.202  0.598*  —0.272 —0.800**
g —0.557* —0.186  0.576*  —0.323 —0.905"*
SRR —0.191  0.135 0.415  —0.186 —0.184
WK —0.054  —0.109  0.136  —0.162  0.074
RAKEE  —0.209 —0.029 0.644**  —0.193  —0.321

1

—0. 424 1

—0.494 0.921** 1

—0.013  —0.015 0. 139 1

—0. 205 —0.06 —0.071 —0.4 1

—0.137 0. 308 0. 384 0.769** —0.184 1

T 78 0,05 K CRD b @A .78 0. 01 K- GUID | AR

BB TTIEARSIAEAR . B For > Qs Ul
W AR AR — ELAR R m s A AR PE . BRI PER
PRI TSR a3 o A 2 R R B RS AR A 5 1R

PEATREAR R B AL S (X T AR TR R B
Fsr<<Qsr » RWIEAL L £ AE M TR AR I 20 i 72
o 32 BT AL 4 Qor > Fsr » R WAL VB £
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Fig. 3 Biplot of the first two RDA axes based on

maximum wind speed
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(1) 306 H e PO AL R A WAL 23 ) I A A

T Qer B X LEMA R B IR 2T T 5701
PRICAHIF B B AR PR A (H—SeBF
KB Qs AERIFR Y LR A R I A v 22 Bl R AR 119 A2
K48 R R AR S P Y Qe T RE R T K
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The Influence of Selection of Ecological Differentiation to the Phenotype
Polymorphism of Agriophyllum squarrosum

Yin Chengliang"?, Qian Chaoju’?, Chen Guoxiong', Yan Xia', Ma Xiaofei'
(1.Key Laboratory of Stress Physiology and Ecology in Cold and Arid Regions, Cold and Arid Regions Environmental
and Engineering Research Institute, Chinese Academy of Sciences, Lanzhou 730000, China; 2.University of Chinese A-
cademy of Sciences, Beijing 100049, China)

Abstract: Agriophyllum squarrosum, also called "sand rice", is a pioneer annual plant endemic to the mo-
bile and semi-fixed sand dunes across the temperate deserts of China. It prevails important values in eco—ag-
riculture and supports an ideal model for understanding the adaptive evolution. To investigate the genetic
basis of how A. squarrosum adapt to the heterogeneous environment of deserts, in this paper, based on the
common garden experiment with individuals sampled from northwest and northeast of China, we analyzed
the relationships between/among the quantitative traits, the genetic differentiation based on the variety of
nrITS and the heterogeneity of environment according to the worldclim. Our results showed that all the phe-
notypic traits were differentiated among the two groups, especially within the populations among the south-
ern group. Comparison between the inter- and intra-groups showed that the values of Fsr were much higher
than that of Qsr within the south group and among all populations, suggesting an unifying selection were act-
ing in these populations. However, Qs was found to be higher than Fs in the north group, supported the
local adaptation of the northern populations. This result indicated that these populations will be under a po-
tential risk of outbreeding depression. Therefore, translocation of the southern genotypes into the north
habitat will contribute to the genetic reinforcement of the northern populations. Furthermore, the values of
Qs on the traits of seed diameter (SED) and basal branch length (BBL) were higher than that of environ-
mental heterogeneity (Est) between the two groups, suggested that the climatic differentiation on the tem-
perature and precipitation can not fully explain the phenotypic variation. Thus, we analyzed the relation-
ships between wind speed and the phenotypic traits. Our data showed that the maximum wind speed in win-
ter was strongly correlated with SED, while BBL was more affected by the maximum wind speed in July and
August, which suggested that the blown sand environment plays an important role in shaping the adaptive
phenotypic differentiation between groups in the desert plant species. In summary, this study not only pro-
vided a new evaluation method for adaptive potential in wild resources mitigating climate change, but also
shed light on better understanding of the ecological genetic basis for how A. squarrosum adapted to the
heterogeneous desert environment, which will further provide both the experienced data and theoretical ba-
sis for domestication of valuable desert plants.

Key words: Agriophyllum squarrosum ; differentiation in quantitative traits; molecular genetic variation;

environmental heterogeneity; wind; ecological selection



