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Abstract: Eremosparton songoricum is a clonal shrub that reproduces both asexually by below-ground rhi-
zomes and sexually by seeds. Having been severely disturbed by human activities, it has greatly declined in
range, population number and population size over the past decades. It is now a rare species with a narrow
distribution in fragmented habitat patches in the Gurbantuggut Desert of Xinjiang, China. Inter-Simple se-
quence repeats (ISSR) were used to evaluate the genetic variation and clonal diversity of seven populations
(148 individuals) of E. songoricum from Gurbantunggut Desert. A total of 84 discernible bands were gener-
ated using eight primers of which 77 were polymorphic, indicating considerable genetic variation at the spe-
cies level (PPB=91.67%, I=0.3192) and at population level (PPB =58.45%, [=0.2248) compared to other de-
sert plants. A relatively high value of Ggr (0.2978) indicated significant genetic differentiation among popu-
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lations. Analysis of molecular variance (AMOVA) revealed that 31.88% of the ISSR variation resided
among populations. Barriers of gene flow caused by habitat fragmentation and population size reduction may
contribute to the significant genetic differentiation among populations. Simpson diversity index (D) ranged
from 0.8457-0.9400 at population level, indicating that clonal diversity was also high. The evenness of
distribution of genotypes in the seven populations was 0.9673 at species level, with all of the genotypes being
local ones. The high level of genetic variation and clonal diversity found in E. songoricum are probably due
to outcrossing or mixed-mating breeding system and multi-clone origin of populations. The results provide
baseline data for formulating conservation strategies for this species. Conservation strategies should include
both in sity and ex situ approaches to preserve the greatest possible extent of the genetic diversity of the
species.

Key words: Eremosparton songoricum, habitat fragmentation, ISSR, genetic variation, clonal diversity,

conservation genetics

AR A WA B R R S A B K
R EAERE, FHbo R MR 84
WIS B2 BRI EW FF ) 12 R (Young er
al., 1996; Primack, 1993; Frankham et al., 2002). £
5 R WAL A8 B A S SR I K R B R A % AN IAL (1 /)
JERE, X R X YRR IR AL E R A — R T
AR . FEFREIER B RELET T E R
MIZERM, BT REERIEACER, SR R
ERFRMEEER, BEAFEEHNRESENE
T 2% I 2 B 18] 38t 4% 3 AL U 38 K (Buza et al., 2002;
Shea & Furnier, 2002; Tomimatsu & Ohara, 2002);
EHREFRER RGBT ENE
£ %5 1 15 7K S 70 F2 B 18] 488 6K 1Y 38 4% 43 4L (Chung,
1999; Kahmen & Poschlod, 2000; Vasseur, 2001). /&
2, WA WA KR ) R S e Y 1 A% S R R
ZRBW TR, FULEHITERARR, LENTH
BB SE W v WA R B8 A 45 14 B2 4% 43 Ak (K BT
R, BET T #%E WG 500 R B
R, AHEEERE REREETRIE.

ISSR(inter-simple sequence repeat) ¥4 it & £
PCR £ R B flt | & J& 2 2k 09 — Ff b W 7 3%
(Zietkiewicz et al., 1994), HIRFEFIRAPDAF, {H
HAF WRAPD® & 1) 7] A M FIFa 5t (Tsumura et
al., 1996; Fang & Roose, 1997). IT4ER, ISSRS> FH7
WO 2N THED S EZEETRET S,
2000; KA, 2003; Panda ef al., 2003; A%,
2005). ISSRZ TR0 S ARAE S E YK RLZ 7
RPN, HRRARR T EEYBRER R
AR RHLE]. BHEERE S TR ENE X
UK 5e B 5 75 SO B Wi e ) B 5 R SR R

BCA AT BE(Li & Ge., 2001; Ge et al., 2003).

18 /R TG 5. (Eremosparton songoricum) R 5
B GRNLEAR, P TTRERFEM, FEHE
BB FGFHITE, 2006), 20X MAEKERE.
B (HBCEDE)Y B8, XY FEESAREERYE
1Bt i (Bacunpuenko, 1941), £+ B Wik o 47
THEHRAEETRPERTRXR(FEESE,
1983; X|BE.Ly, 1987; iz FINGHE, 2002), AEXK
ZREY) . W R B2 R ERSN B E
SE YD A R rp R SR X s RO S B,
WA EEY), T E T TR HE
B, XGETKPRESFITEEREEE.
20042006 FE R A RKIM, ZF BT IEHE &%,
1B G5 SRR, {UH12-16%. BIELEIE 3 4 SEi R
S, FRBAEAE 12T, KR8 MM ERE
BWE. whh, BEHAREA MK REER
BEEH /DT B R Fi516.2+2.31%, # 4k
HIFh T L 15 16.9242.69%% . ARTTT %A TG 1 Ta & Gk
FIIRER, 2FE AR RS EARZE T 2S mbASE,
SRR AIB20MN 2%, WA KSR REES
FRHEXTHERS /R TG GAK A . BRRAZ . £1E
BHLUEEEEZRIMP AR HETFRE
ETUHR.

WAL LR, HEB/RIGH TREZ BN
TEENHIERAE . BT RKERPRERIFR, 204
ROFEMRAEV B SR /A7 B 2 TR B, AW AR
B O T NBARERX,; EIEE, BT
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1.2 EFELDNARJIRELSPCRY 18

K B4 B 2xCTABYA(FKIE 4, 2001)#2EN A
ZADNA ., ISSRY 34 | B 4 F 423 H RN A 38 A
20 pL PCRR 4K Z: 1xTag buffer, 2 mmol/L Mg**,
0.5 pmol/L5|#), 0.25 mmol/L dNTPs, 0.5 U Taq
DNA B&M (LEATEYTEAHE) UK
10-30ng HIBERDNA. PCRY IBIZFH: 94 CHA
#:4 min/G HENIEIE; 94°CEPE4S s, S3.5CH A4S s,
72°CIEAH45 s, 40MER 572 CZEHT min. PCRY 3
#£ Bio-Rad /A% HIEEBPCRIX Li#1T . PCRF=4)7E
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AR REHEAEGREETHFPEREXERTATHEESTHFVEEH)NXELSTER, HFRI=AKRRAAER

Fig. 1 The sampling sites of Eremosparton songoricum in Gurbantunggut Desert, Xinjiang. The gray area is the main part of Gur-

bantunggut Desert, the triangles are Shixi and Cainan oil stations
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Table 1 Sample size, altitude, location and habitats of seven Eremosparton songoricum populations from Gurbantunggut Desert,
Xinjiang
SERS SREEBRS £t B (m) i &S] 23
Population Sample size Location Altitude Community type Habitat
A 21 44°38'N 548 HEEREHE + REEE Al RYZETRRRRD T
88°16'E Eremosparton songoricum + Wind erosion sand surface of the
Ephedra distachya commu- lower south-north dune
nity
B 25 44°46'N 605 WBREHE + WE + = ZEEHBELEFTEH
88°16'E TERE Interdune and middle-lower part of
Eremosparton songoricum + the dune
Artemisia arenaria + Aristida
pennata community
C 20 44°57N 621 HB/REHE + =158 + ZRHREGERMZET
88°27'E —EEA YR From the bottom to the top of dune
Eremosparton songoricum +
Aristida pennata + annual plant
community
D 20 44°58'N 647 YEMB R TG G SR EHFTIK RS RX &R
88°25'E Eremosparton songoricum R B
community On dunes beside the road or encircle
the transferring water project
E 21 45°14N 627 YER R T T AR EBAT K TSR RX A E 5
87°44'E Eremosparton songoricum M SRR ZEF L)L
community On dunes beside the road or encircle
the transferring water project
F 20 44°14N 718 WAL + ST + BIEBESERINET
90°04'E —EA KRB R From the bottom to the top of dune
Eremosparton songoricum +
Aristida pennata + annual plant
community
G 21 46°21'N 794 HEIER M T + WERE mdtm “UCBbEZ Y
88°38'E Eremosparton songoricum + “U” type of intredune of the

Artemisia arenaria community

south—north dune

1.0%(w/vy B BX I8 B8 %% e b W 9k, BA 2,000 bp
Marker(E A TIE(CKE)H R A "D ARHED T
EXHE, £470.5 pg/mLIYEBH & £20-30 min,
FEGene Genius (Syngene Co., UK)EERZ /X B
IR
13 5|49fFi%E

LR BTSSR |3 B AT A TER
AL, 5197515 BIME N EHE L E K (UBC)
2 AT B 9EISSR 5| #JF 1) (http://www.michael-
smith.ubc.ca/services/NAPS/Primer_Sets/Primer.pdf).
BB BE A2 VIR, 7620 pLR NiAk
A HHATY WIHIE, W30 451 WPk H8&T I
WL . EEMEE. TREWKTIHATEWT
/N EREDNARE i ()5 (%2).
14 ZEitohn

LK B B R — BN — A 2 TAR I
(marker), HRE—NBIWMEEAL K. LL2,000 bp
Marker{E HHEXT 73 7 EARHE, 1R —51 935 81 E

WEBE BN AR RN, ZEAER
TEBALE EDNATHHF LTS, FiHEES
R A1, BRI A0, BN IRHEE.
XA S b, T HEDNA f B IS N
F0.99 4 BN A ZASALE . HBIMISSREIE - [
RT3
141 BEZHEMESHR

¥ FIPOPGENE 1.31(Yeh et al., 1999y 447518
SE i EE AL T Hardy-Weinberg FATIR S T, SH&FE
B & RN B HEATRESE N, 2HHE
T 2B A H SR (PPB). NeisH K MR
(D(Nei, 1973). Shannonfs B Z MR EH) (Le-
wontin, 1972). BHERZHEMEHD) . FEHARNER
LR (Hs) BRSURE(Gsr)s FEBIR(Vm) Nei's
WL BB iS5 — B . FIDCFAL1(7K & RAIE AR,
2002) KA T AMOVAZI T, 25T f B I BK I BR
B (Stewart & Excoffier, 1996)it 5 it 5%
FERBEEFMBEEANNSM. ANTSYS-pc2.0
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Table 2 Primer sequences, number of bands and number of polymorphic bands
%5 FHI(5-3) ES T e g4 et d
Primer Sequence No. of bands scored No.of polymorphic bands
UBC808 AGAGAGAGAGAGAGAGC 11 10
UBC809 AGAGAGAGAGAGAGAGG 10 10
UBCS825 ACACACACACACACACT 11 11
UBC840 GAGAGAGAGAGAGAGA(CT)T 11 11
UBC842 GAGAGAGAGAGAGAGA(CT)G 9 8
UBC855 ACACACACACACACAC(GO)T 13 13
UBC859 TGTGTGTGTGTGTGTG(AT)C 10 9
UBC888 (CGTYACTYCGT)CACACACACACACA 9 5

(Rohlf, 1998) ] SHANFITREEFE /¥ %f POPGENE
18 B 0 15 45 BE S A P HEfTUPGMA R 8 40T, BT
RHK5r L H.
142 TSN

o R 2 FEERY I A UL T 84 (Fager, 1972; Ell-
strand & Roose, 1987): (1)EF N EHHILFREASH
(REF R E)G;, 2)F3 5% HE R E (mean clone
size) N.=N / G, NAFERMEL, G)ERFA LR
(proportion distinguishable) PD=G/N; (4) SimpsonFi
# D =1- [N; (N-1) / N (N=1)], N;hREA i 55 2
HEMRAE; OEHNERASANBSEE=
(D~Duin) ! (Dmax—Dhrin)y FeF Dpin = (G-1)2N-G) /
N(N=1), Dppax = (G=1)N / G(N-1).

2 #R

2.1 BEFKTERIISSRE 14

84 B YR TN ERS R 5 B R BB FL 1481
AT TISSRY H(3%3). WROKF L, IRz
BANTFI M 47, HP2HLWIIN, 591.67%,
Nei's# K £ #8501 70.3192, Shannonfs B ##
M (H) A 0.4767;, BREKFE L, B/ ETHE
7£53.95-69.23% 2 [8], BA& 2V R HBE B,
BEEMEDERIAER . NeisERBHEETRE
7£0.1912-0.26702 18], Shannonfs B £ £ 15 ¥
0.2809-0.3854 2 ], H KN EHBSFEHLZHBM
RENRER B
22 EBEMNEBMESEERERR

POPGENE/F T4 RE M, TMNEHAHNERZ
B (Hr) 403202, P R BB R £ £ 1 (Hs)
00.2248, JEBEE B E 534 B H(Gsr) 7929.78%, H

W (Nm) 1 1.1788. AMOVAZMT 45 51 K B JB B (a5t
235 5 BT o EL R (Far) M 31.88 % (P<0.341)(K4), 5
POPGENE# 43 #T I R 73 R EU(Gsn) &5 R HEE,
KRBT EA-BRIERZRES, YRR /RITH
O ARERE I — e R E N E.

23 EHEREREBREREBESH

5 BT AN [ J5 ] (388 4% BE B A A — B
B, TRV A DFIE B B2 1 H iR AR PR B
/N, A0.1140; FE BB K B & v0 s i e i A 2 B A
WRIGGKFERE, 40.2116,

FI NTSYS-pc2.0 7 f] SHAN F1 TREE #& /& %}
POPGENE /& Zl ] J& ¥ 5] 38t 1% 0F 25 %5 B 2 47
UPGMA R (E2). T BEBERE AT 55 434N
X IS AR/YEBEBKD. E 2MNER; #H25
XAFEEEHB. CRIVELLKF. GER; WiK
FE ML A RSB B AR 34r . Ah, hf148 Mk
HATUPGMAR B HERFIH), & REH KIS
MefrEREE BRE R, P RABRAE
T—EREREES M.

24 mEZHIM

YRS R G T TR SRR A I S E
BRERNES. GRESTERHINZHER
B, ZEMHEBRLHRCER, 21 FEARF RN
FNOFERR, B/AKABEEE, 25MRARF{US
WENMERR. BEENTHYERRERR, A
22727, EFEHLERK, 504400, GEEHFY
HERERM, H1.1053, EEMEEZEK, X
0.9048. MAh, GfE B EERIRY 24 1 (Simpson 2 #£
M BB E, £5)0.9400; TEE BN B, H
0.8457. NEF I FI¥ISERE, YWIEIALE, G
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Table 3 Percentage of polymorphic bands (PPL) and Shannon index () for seven Eremosparton songoricum populations. Popula-
tion codes see Table 1.

BRES REHH PR B EZIVAE EHMAESL NelsHEEZHMERE  Shanmon® HIEIRH
Population  Samplesize  No. of bands No. of polymorphic PPL H I
bands
A 21 78 54 69.23 0.2670 £+ 0.2176 0.3854 + 0.3070
B 25 76 41 53.95 0.1912 + 0.2081 0.2809 = 0.3001
C 20 81 50 61.73 0.2476 = 0.2227 0.3569 * 0.3136
D 20 81 44 54.32 0.2027 £ 0.2109 0.2978 + 0.3010
E 21 83 45 54.22 0.2176 £ 0.2136 0.3174 + 0.3058
F 20 83 46 55.42 02193 + 0.2167 0.3193 + 0.3079
G 21 78 47 60.26 0.2285 £ 0.2194 0.3313 + 0.3109
BEAKT - 80 46.71 58.45 0.2248 + 0.2156 0.3270 + 0.3066
Population
level
Y RF 148 84 77 91.67 0.3192 + 0.1668 0.4767 = 0.2194
~Species level

R4 HEREMEINEHAMOVAR T

Table 4 Analysis of molecular variance (AMOVA) analysis for seven populations of Eremosparton songoricum

5 RYR HHE TEN Ly RS BREFE(%) BEERRE
Source of variance df. Sum of squares Mean squares Variance com- Percent of variance P
ponent component
JB# (A Among populations 6 515.679 85.946 3.695 31.88 <0.341
JB# N Within population 141 1113.261 7.895 7.896 68.12 <0.001

%5 NeisEBEE—BENOGE LATEEEREDONETH) (BEARSERD

Table 5 Nei's genetic identity (Z, above diagonal) and genetic distance (D, below diagonal). Population codes see Table 1.

A B C D E F G
A — 0.8337 0.8607 0.8199 0.8221 0.8093 0.8175
B 0.1819 - 0.8653 0.8826 0.8585 0.8832 0.8654
C 0.1500 0.1446 — 0.8697 0.8541 0.8655 0.8619
D 0.1985 0.1249 0.1396 — 0.8922 0.8732 0.8551
E 0.1959 0.1525 0.1577 0.1140 — 0.8564 0.8570
F 0.2116 0.1243 0.1444 0.1355 0.1550 - 0.8813
G 0.2015 0.1446 0.1487 0.1565 0.1543 0.1264 —

JERERII S B R, 4 W 00.9764510.9885; Tv»
B HE B B 5 BEAERT AR, 90.9021, 535ME
#EElIstrand FIR oose(1987)% Fs B B AE f& Bt 43 A i)
W, BHREBEFNENHIRE—NEHPRE
HAN)H 2 2R(GL)A93.92%, WH MHERE(HI
775% A LR BB IR AY) . 7T WA R SR 5
BEREK.

3 it
31 HERIMEMBETRMEESHNE

RETRRY, mEEYEFSHEHREHEED
AH 24 1) 15t 1% 22 7 /K F (Ellstrand & Roose, 1987,
Hamrick & Holden, 1979; Widén et al., 1994). 2
FRIN, SR SEDF K EREAZRRK
- PPB = 91.67%, H= 04767, Ri& T LM EHE
YIRISSRIE S L FE 1, 1 B R AR (Haloxylon persi-
cum): PPB= 84.85%, H= 0.3518(3%, 2005); 1Y
4 K (Tetraena mongolica). PPB = 633 %, H =
0.324(Ge et al., 2003); R H (Haloxylon ammoden-
dron): PPB=89.7%, H=0.328 (Sheng et al., 2004),
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E2 HERTHITINEHRMNUPGMAREBE(EHAERED

Jﬁ‘f??ﬁm Genetic distance

0.13 0.11

Fig. 2 UPGMA dendrogram of the seven populations of Eremosparton songoricum. Population codes see Table 1.

F6 HEWREMETTERORESHENEERRSERD

Table 6 Clonal diversity and distribution uniformity in the seven populations of Eremosparton songoricum. Population codes see

Table 1.
RS PR HERHH PR RE HEEAE  SimpsonBHMEHEH  BYEHREEK
Population N G NA=NIG) PD(=1/N,) D E
A 21 15 1.4000 0.7143 0.9100 0.9577
B 25 11 22727 0.4400 0.8719 0.9440
C 20 12 1.6667 0.6000 0.8889 0.9563
D 20 13 1.5385 0.6500 0.8978 0.9642
E 21 11 1.9091 0.5238 0.8457 0.9021
F 20 17 1.1765 0.8500 0.9259 0.9764
G 21 19 1.1053 0.9048 0.9400 0.9885
J&EE/KF Population level - 14 1.5813 0.6690 0.8972 0.9556
PiFhKF Species level 148 95 1.5102 0.6622 0.9858 0.9673

AR 78 128 1y T AR 3 V5 e R AL A 1) S5 AL B R A B 4
M, b EE(Psammochloa villosa): PPB=26.67%(E
A EEE, 1999), ELE(Hedysarum leave): PPB= 46.7
% (B, 1999)), UHIER/REM ERABFRE
BAE SRR BRBE S TRFE M, X 5X4gave victo-
riae-regineae (Martinez et al., 1999), Florida rose-
mary(Dolan et al., 1999)ZHEHI RN 74 A —3,
BB 1843 A7 0 b R 7T LUR A B R B AR SR

Ko
XFRERFA: ()RS /R IEM Sttt &
BAR. BFIMAE LSRN, WE/RLM SNE
WA A RERL, REEREGXRR).HTH
MEASERETEFNERAGERR), FiLnr
UREEE R KRB EE R, RN, HEB/RIH T
B Tt s R BT, A B iR R R R MM
WIE AN X, B R AE R KRS LR R
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(Silander, 1979). (2)2 5@ RECYH F AR /R B Ff i 52
FRERRE SRS, ER/RENERE
BHBAZWERR, FAAEEREMILERS
(F%6), T HEMIHERS /R I G R BEIE @ ST W) h] B
HENAFAZEFBAMEA R, EZEIEFERN, F3
TEERRESREME. b, HEERIH EMET
AR FRMEER . $#52005-2006% (1) ¥ 4k
VAR, HEM /R I SRS LR K (12-16
%), I HAE BRRE T 1 IR RME(<3%),
THALAYE KR RRIE. NE—NEEP R
TIMSEENE, WHEEBRRESTHEHEE
TP ISR . (EROIT AL — ST Y,
40 Rubus saxatillis (Eriksson & Bremer, 1993) Fll
Fritillaria camtschatcensis (Shimizu et al., 1998), &
B AR R RR B EH (0 1ISFE IR E LU 4R
JE B B LR K

BEAR, X UERS SR JC i 5 BRI AU 4 A AT
A, RILZMHITRE SRRSO = 0.8972)(%
6), HIEBRMTEEE R, RaEEE R T I
B1i5%093.92%, WA MAEEL. Ui HER/RIGH
SRR IR . EEIAAEEENA
SR B M DA S I 4 B B B A AT A TR X o B R R 2R
SRR T W, WIR/REH GEE PR 2 ER
AR ATREE A R A SE N, WTER T &R
Z s (G E A 2
3.2 EBREHEEERESUERKES

Elistrand Al Elam (1993) iAK, Gsr > 0.1 Bk
ERBERSUEERRE, BB REHZHNGr=
0.2978, KRB R BE AU A —REFAHE
W, JE B BRI R R A BRI . XA AMOVARE—
353 AT 85 R R B B B (R AR AR B R K g A% o
tho AT R A8 AT 3 SR R R AT ARG 2
BEENERFE. B aTHECERNANMEEE
A BB, REUERESHIEHRE, F3
e R E R RS REAK T4
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