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Abstract; Total DNA in leaves of 92 individuals from nine populations [located in Junmachang (JMC) ,
Heishantou ( HST) , Kekesu (KKS) , Zhongyangchang (ZYC), Kebo (KB) , Longkou (LK) , Kalabula
(KLBL) , and Baishidun (BSD) of Yili valley, and in Bole ( BL) of northern Yili valley, respectively )
of Helianthemum songaricum Schrenk in Xinjiang region were amplified by using three chloroplast
microsatellite polymorphic primers (including mtrnSf-trnGr, mtrnL.2-trnF, and mtrnL5-trnl.3). On the
basis, genetic variation, geographic distribution, genetic diversity, and genetic structure of each
population were analyzed. The results show that six polymorphic sites are amplified by using three
chloroplast microsatellite polymorphic primers. Four haplotypes of H1, H2, H3, and H4 are obtained
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after analysis, in which, haplotype H1 distributes in JMC, HST, KKS, ZYC, KB, and KLBL
populations, haplotype H2 only distributes in JMC population, haplotype H3 distributes in LK and BL
populations, and haplotype H4 only distributes in BSD population. Total genetic diversity index of nine
populations of H. songaricum is relatively high (0.583) , while genetic diversity index within population
is relatively low (0.040), and the genetic differentiation coefficient among populations is 0. 932. Nine
populations of H. songaricum are divided into three groups by using principal coordinate analysis
(PCoA) , in which, BSD population alone is a group, BL and LK populations are a group, and other six
populations are a group. While the nine populations are divided into two branches by using phylogenetic
tree, in which, BL, LK, and BSD populations are a branch, and other six populations are a branch,
meaning that BL, LK, and BSD populations are obviously different from other populations. Molecular
variance analysis result shows that 95. 61% of genetic variation of H. songaricum occurs among groups.
Mantel test result shows that the correlation coefficient of genetic distance with geographic distance among
populations is 0. 324, indicating that there is a certain degree of positive correlation of genetic distance
with geographic distance among populations of H. songaricum. It is suggested that there are obvious
genetic differentiation among populations of H. songaricum in Xinjiang region, as well as a certain degree
of geographic isolation, which is probably associated with genetic drift and inbreeding effect of sub-
population and geographic barrier among populations. All populations, individuals, and original habitats
of H. songaricum in Xinjiang region are proposed to protect, and protective measures of rejuvenation, ex
situ conservation, and dividing population management unit, etc. are recommended for preserving its
natural population.
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chloroplast microsatellite technology (cpSSRs)

>} H 1€ ( Helianthemum songaricum Schrenk ) 3§ J&
2l HAEF} ( Cistaceae ) 2 H 48 )& ( Helianthemum Mill.) |
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RA A, 2 HAEEA R 20 M E, 7E7E L
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P i g oe ) R X 2 H AR 32 A A 7E
B G AL A T DU R FRR v S A, ZETT A I
FRAY AR AT 70 A, E2A R AEHEI 1000~ 1 400 m
ARSI A sk Fe it b, HRiE, F T X H AR
WHLRFE AT (1 I S R R Be g 0 34
AR S s B A B, PR, 75 B 45 5 2 1Y 4 AR
X RS DX B A RS R s L R IEHEA TSR .
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Table 1 Basic informations of nine populations of Helianthemum songaricum Schrenk in Xinjiang region

JE b FEAKL 2 g T/ m
Population Location Sample number Longitude Latitude Elevation
MC ZE5 %% Junmachang 10 E81°59’ N43°14 1318
HST H1113k Heishantou 12 £82°28' N43°35’ 810
KKS BE5 5 Kekesu 10 E81°56 N43°12’ 1 166
ZYC f12£:3% Zhongyangchang 12 £82°34 N43°34’ 952
KB FBHd Kebo 10 E81°45’ N43°10’ 1246
BL 1K Bole 8 £82°03' N44°50" 566
LK J£ 10 Longkou 10 £82°28' N43°25' 855
KLBL WS AE Kalabula 10 £82°37 N43°27" 829
BSD FEATHL Baishidun 10 £82°03’ N43°41' 1220

fof FH o SR T2 2 8 51 ) muSE - tnGr
mtrnL.2—trmF Fl mtrnL5 —trnl3'"2! #4791 KL, 5149
AT A TR (Bl R A BRA A& .
T100™ Thermal Cycler #EFYL (3 E Bio—Rad A H])
HEAT 4 B RN, P B R R SRR 25 L, AR
25 ng - wL™" #EHL DNA, 50 mmol - L' Tris — HCI,
1.5 mmol - L MgCl,, 0.2 mmol - L' dNTPs.
50 mmol - L' KCI, 0.5 U Tag DNA % & B UL
5 pmol « L IEM AR A 514, P HBRFITF 95 C
TASYE 4 min;92 CAEME 45 5 .57 CiB K 45 5,72 CHE
fiff 1 min, 30 MEF; )5 T 72 CLEM 10 min, P71
FEMNAS A T AR TRE (I ) iy A BR 2 w) 47
43T, 811 ABI 3730XL 42 F1 3l DNA 3543 ( 35 [
ABI 23 #]) Fl BigDye Terminator v1. 1 RF & ( ES
Applied Biosystems 23 F) ) Xf 47 38 7= By #4700 1, 6
Geneious 7. 0 JRE " 04 i Be K B, AN kR R
PHEIFT 3 K,
1.3 HIESH

A R B FEXT B 519 G 0 BT
AR AT AL (] GenAlEx 6.5 HR{F ™ HH5 45
JeE AN A5 P X80 A5 o7 2 DRSO RNF 34 3 330 A Ao i TR
K 81 HAPLONST B2 % 35 38t 1% 22 1 418 BORn st
Lo b 28

] Arlequin 3. 1 B4R S50 45 T BE 1] 14 33k
RIS R HEAT 43 Jr 22500 PR R N S
FEML IS 228 S 1 0 G HE 31, SR 10 000 U 4 47
TR B TG IR U] MEGA 6 SRR
L8421 ( neighbor-joining method ) 14 3 45 Ji& FE 1) 2 2%
S ZBPRIE T GenAlEx 6. 5 HfE EAT 324k
FRMHT(PCoA) . ffi ] GEODIS 2. 5 #4375 fa 1)
(R S s AL oAk R BB AL BE B,

IBD v1. 52 BRAFHEAT Mantel K656 , K500 J 1 [6] M 2L
P I AL S (R DG, S0 AT 45 o R TR A5 77 A B
PR, SR 1 000 YRCEHIEAT WE MR,

2 HERFM

2.1 HEMRFHEMNEETRRMESHIN

SCIGEE R (R 2) KW 3 A RIAM T A Z B
SIYIFE R HLIX 2 H AL 9 SRR F L DNA fdty”
ik 6 2R, HP 51 mtmSf-tnGr 373
WA ZAMENLE (58 133 47) , 5149 mtrnl2—tmF 37
Hath 2 N2 (55 219 L AIEE 224 437) , 519
mtrnL5—trnL3 §734 5 3 N2 PEN S (56 238 v 56
239 IS 240 i) . #FiX 6 P2 BEN A A JE L
35 H1 H2 H3 Fl H4 4 4 fE5R

R2 ET3IMTHZRERIEZESSUS I MY BERNFTEMEXFEE
SHMA AT BB S

Table 2 Analyses on polymorphic site and haplotype of
Helianthemum songaricum Schrenk in Xinjiang region based on
amplification result of  three chloroplast microsatellite
polymorphic primers
A AR RN 2 LN
51 Polymorphic site of each haplotype
Primer
H1 H2 H3 H4

mtrnSf—trnGr 133 133 133 133
mtrnL.2-trF 224 219 224 224
mtrnL.5-trnl.3 239 239 238 240

s X H AR 9 AR B ERAS RRE S SF 34
A7 5 PRIBSORIT- Y546 R0 A5 7 i PRV BUY L e SR L 3% 3,
i3 3 A 0L, 37 (IMC) JEREA HI A H2 2 4~ Bafs
B REAR Koy 50 o 8 F1 25 Bl Sk (HST) | B 5 75
(KKS) , # 2£3 (zYC) . BHE (KB) 18 $i7 A 7
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(KLBL) JE#E¥ KA HI PSR FEARE o 5ok 12,
10,1210 A1 10; 14k ( BL) FlJe H (LK) JE#f 2 A7 H3
BALERY FEAKLSY A 8 Al 105 FEAT I (BSD) JE fE X
A HA PR REARBON 10, IMC JERERRAL S 14
SV DR B8R 34 A A58 A N R R B i 1.3
1.2, HoAy 8 A JE AR A o7 a5 110 1 359 45 7 35k PR BSORD - 34
AR FEREI R 1.0, BAKRA, HI BfER4
MAEFRENT A1) 6 4 JE#F (JMC  HST  KKS,ZYC KB

A KLBL J&#F) ,H2 BAEA LA 7R AL A5 1 1 4
JERECIMC JEHE) ,H3 A5 AR AR AL 5 19 1 A
JERECLK JEHE) R A d6EB ey 1 A4S (BL JERE) ,
H4 FA5 R LA A AR R AL A 19 1 A B #F (BSD &
TE) , UAHH B AE A5 TR e e & 2B T BH S st A% oAk
ZEA 3 AR TR Z B Ry 45

B X HAE 9 AN B A 1 34 45 7 BRI 35
AR SR B R, o 1.3 Fi L2,

R3 FEMRYFERINEHAGRERY THEMERYMNFHERNECERBHLLR

Table 3  Comparison on haplotype sample number, average allele number, and average effective allele number of nine populations of
Helianthemum songaricum Schrenk in Xinjiang region
AR REA K R T E LA AT
JERED Sample number of each haplolype” AL AT (T HE AL
Population") Average allele Average effective allele
Hl H2 H3 H4 number per site number per site

JMC 8 2 — — 1.3 1.2

HST 12 — — — 1.0 1.0

KKS 10 — — — 1.0 1.0

7ZYC 12 — — — 1.0 1.0

KB 10 — — — 1.0 1.0

BL — — 8 — 1.0 1.0

LK — — 10 — 1.0 1.0

KLBL 10 — — — 1.0 1.0

BSD — — — 10 1.0 1.0

1>JMC; 7Z g Junmachang; HST. 2113k Heishantou; KKS: PPN Kekesu; ZYC; e Zhongyangchang; KB Flf# Kebo; BL: 18k Bole;
LK. #O Longkou; KLBL: R AFL Kalabula BSD: FEf5{ Baishidun.

2 —. ATFAE No existing.

2.2 HEMEXFEENEESHEREEEEST

TR HT i X HAE 9 AN JE e S it
& ZREVEFR B (0. 583) |, 1T F P A9 34352 4% &2
FEPESE BRI (0. 040) 4% i HE ] 14 38 4% 701k 2R 4L
B (0.932)  FRIAE H AE4S JE AR 18] A 2B 1 A A Fry gt

F4 FEHRXFEATE N EHEBEEERNLLER

(o

FH BT DX 2 H AR 9 A JE B ] ) a5t A% PR 2 (3R
4) A0, FE S (JMC) JEBE 5 B e 95 (KKS) B
(KB) Fwg H7 41 $i7 ( KLBL) Jig B 14 38 4% B B8 de /N (2
J90.111) , 531k (HST) FFhE35(Z2YC) JE Rty 5t

Table 4 Comparison on genetic distance among nine populations of Helianthemum songaricum Schrenk in Xinjiang region')

BAEIEE  Genetic distance

JETE

Population MG HST KKS ALY KB BL K KLBL BSD
e 0. 000

HST 0.137 0. 000

KKS 0.111 0. 000 0. 000

7YC 0.137 0. 000 0. 000 0. 000

KB 0. 111 0. 000 0. 000 0. 000 0. 000

BL 0.836 1. 000 1,000 1. 000 1,000 0. 000

K 0.852 1.000 1.000 1.000 1.000 0. 000 0. 000

KLBL 0.111 0. 000 0. 000 0. 000 0. 000 1.000 1..000 0. 000

BSD 0.852 1,000 1.000 1.000 1.000 1.000 1.000 1.000 0. 000

DIMC. %y Junmachang; HST: 2113k Heishantou; KKS; Bl 5875 Kekesu; ZYC: 235 Zhongyangchang; KB BH# Kebo; BL: 1# 4k Bole;
LK. O Longkou; KLBL: W hi A Kalabula; BSD: FEAF Baishidun.



5 4 4]

HARSE, A5 AR PR R AL A R SR R A K o A 71

e Bt /N (¥ 0.137) , 519 4R (BL) FE BEAY 3
TR BIACK (0. 836) , 58 H (LK) FIFEA8L(BSD) J&
TERIB AL I B B K (190 0. 852) o 7EBR IMC JERESD
() 8 AN JEREH, BL LK A1 BSD Ji& fF 5 LAY Ji B 14 it
FERFES 4R 1. 000, 1 BL Al LK JEfEE] LK H A 45
FEIR] (R84 1 B 154 0. 000,

I R B R AL RE 2 X R X 2 H AL 9 >
JEREVEAT T ABBR T (PCoA) 5 S ULIE 1, Hidr 5
1 AR RRAR S G RS A 76, 14% 56 2 T AR bRAR 53
di VARSI 13.66% . HIE 1 AT UL 55 1 F Ak bR
HAE 9 AN ERE I 3 A REAR, Hi JMC HST KKS,
ZYC KB F1 KLBL 6 1~ J&H#Eh 1 A& BL Ml LK
2 ANEBER 1 ANEEAR ; BSD JERER N 1 NHEA

04
0.3 {BSD}
\ @ v
02}
T 0k
AIMC
o / Jo HST % o
<02 '-.KLBL':‘.KKS; 0.0 0.1 02 ... 03
N KBZYC/ < BL™,
S " —0.1L ;e I
. V@
----- LK/
-02L .
Axis 1

IMC: 3 Junmachang; HST: 21113k Heishantou; KKS. #5275
Kekesu; ZYC: eSS Zhongyangchang; KB B} e Kebo; BL: 1 IR
Bole; LK: J¢ [ Longkou; KLBL: W&$i A7 Kalabula; BSD: F {54
Baishidun.

EH1 ETEEEENFBEMREALIANBHOT LIRS
(PCoA)

Fig. 1 Principal coordinate analysis ( PCoA) of nine populations of
Helianthemum songaricum Schrenk in Xinjiang region based on
genetic distance

SR FH A0 122 1 A I 1) 0 DX 2 A6 9 AN R R Y
KRG ZRPRIE (B 2) 8528 HAE 9 DN RBE K 2 32,
Hrr, JMC (HST . KKS .ZYC .KB #1 KLBL 6 4™ J& R Jy
—3;BL LK 1 BSD 3 MEEEN H—3

YT OT S MTAE I (e 5) 200 et X 2 H AE
K5 RE 95.61% Mgt 1% A8 S R AEAEREAR ] (P <
0.001) , HA 3.70% it 4% A8 5 R AEAE R REN (P<
0.001) ,1% 0. 69% it {548 55 & A AEREAR P R E ]

Mantel ;5045 % (& 3) 0 B X H {E 9
A JE T (R 35 A% A 2 5 1 B 2 ) A O RO 0. 324,
Uk BT st X A6 45 J T 110 35 4% I 5 45 1t L P

AIAAE— 5 R B TE ARG , 25 Ja FhE 1B A7 A — 2 P JEE 1Y
SR T T L A Ui

MC
—1
HST
KKS
KB
KLBL
BSD

LK

JMC: 53 Junmachang; HST: 21113k Heishantou; KKS: B3 958
Kekesu; ZYC: eSS Zhongyangchang; KB B Kebo; BL: 14 IRk
Bole; LK. % 1 Longkou; KLBL: EFI AL Kalabula; BSD. FEA-5L
Baishidun.

B2 RAGEZIHENTENRFBRINEHOFEXER
KE

Fig. 2  Phylogenetic tree of nine populations of Helianthemum
songaricum Schrenk in Xinjiang region constructed by neighbor-
joining method

*5 ETEEESNFTEMRFARXINBHENSITFHESN
Table 5 Molecular variance analysis on nine populations of
Helianthemum songaricum Schrenk in Xinjiang region based on
genetic distance

SRR AR SR AR A %Y
Source of  Degree of Sum of Variance Percentage of
variation" freedom square component variance?

A 2 21.454 0.497 9 95.61*
B 6 0.337 0.003 6 0. 69
C 83 1. 600 0.019 3 3.70 *

DA, BEARTE] Among groups; B: REA PN & #EE] Among populations
within group; C: JE#EA Within population.
? % ; P<0.001.

1.20
1.00 °
0.80 |-

0.60 |-

Genetic distance

040 -

0.20

LR

b
8% % o 1 )

0.00 1.00 2.00 3.00 4.00
-020 " iy T

0.00

Geographic distance

E3 HEBHMRFBREINEHOEEEESHEEREXRN
Mantel 138

Fig. 3 Mantel test on relationship of genetic distance and geographic
distance among nine populations of Helianthemum songaricum
Schrenk in Xinjiang region
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3.1 #FBXyEEREESEE

B IX 2 HAE 9 AR 5L ZREVER AL
(0. 583) & T E PE AL T 5 X 1) Hop e e fp 02
I8 5 T2 H AR S R T S R L R[] B [X ern D~
inT Fl rps16 — K 3K 19 (1 5t & 2 #F M 48 5K
(0.162) "' FEAr UL A ST 08 F 1 3 AP R d T
23RS 1 W RE AR R8O 0 7 55 1l X2 H 4B 152 4% 22

2 HAE N B b - s, 1B K kA
SAEHA R T — e KT RYE SR S I H B 5
JE R T BEAT LR R A% A, BUEH - 35t fE i
Hag—aE B m sl Z e, 5 8 0sE ZAeE1E
O LE B Rt X 2 H AL TR N I8 ZFEETE BUR
fIR(0.040) , 3% AT BB P Ay i b X 1) 2 H AR 43 A7 T
TR/ | B4 B B UBEAR /N T 22 7 Bedb oA, &
FICHC R ) 10 5k DR Jri sl N o b, U0 G 33 4 2 R A
FRAFHE SR | /INE I Y 35 A T8 5 30 A 80N TR 43
SFLHED S 3 s 2R 2
3.2 By HENSEESEY

ST 25 R FR W] Hrst i X > H B SR 2 A4 T W
R, AT 3 DA, B 95. 61% 1918 fE
AR S RAEAERER ] . FARBR T (PCoA) FIRZ K R
RERIE B R R AR e 1 AT U R A
ST HA 5 Mantel £ 5025 5 R B H AL fa 1
(A7 AE— o PR Y S B g 7 e X2 H A6 s
IS E ST RE S Z R A 56, Bk, HAERfE
e+ AR, T2 BB IR IR SL & & 1R
M IRG KRB AR Z S EA T 2K
L EUERA T RA 1~3 MRERAES IE R &7, B
TR 1~ 3 FiFp 1, PR R sk,
2 H AR 1 & 7 BRI, F 452 IR A 5 K P
2220 ST R, S BOL R R R AR
HR 2 HAEA JE T R A7 78 22 o b P R A, 528 [] 7 )
A o AL AU A 2R e 7 1] B RL o B LA 2 %
FEE5 L1, R A P e ) ISR L, AT S Pl
FNBATERLA L1, R B BT A 43 1 5 AN R/INAS B 1 i)
A A HAEER O A e s 2y ep R A BR A%
FERE ) 5 2 P R KRR 12 H A Jm e 1Y
B SPS N (263 ey NI i TR U 37 i A =R/ S =)

AEFE T R /N AL 23 B2 i Hast AL 454y, /NJE ETE AT
WEHBIG AN T 2E A8 Mgt AR BRSO e, H AS
BT AE 2 PR R ] 1 2 5 B i AR I A 3 45
AT 2 [ 5 27 5 S0 T ) 1 5 467 56 TR 4 il
AR

3.3 FEMKXY HIENFRPEE

A BE R 0 A R AR 22 il b 2 25 R 48 N AR ) T i 1Y)
— AR AT I, W] S BUE ) 15t AR TR R,
RS0 P RS 0 T 100 35 87 R AR R T AR Ut
DATE R 23 BEARAE I F SR FRIYIE NI RE ), B4 33K
L7 D RN F 3 AR S Ry AP e 2 e 2 e
KPR FAR, A T fa RS B AT A R Ry, AR
PEAWFFELE IR VORI AP it «

1) i T2F B AR e 80, B LSRN
PRI, ) G 4 8 Ja A B s A 5 DA AR A7
T Y IR 2 b JoE R A% T B B 1k B ORI A
SKXf2 HAE TR JE RERY A& 3 5 RIS g 1 fn s x H Ji
IEABE AR AT 25 T AR G AR AR IX

2) O H AR AR R e AT S0 . s 4
JRE R B LR, 2 N T8 s AR A 3 e
HE (et S A At s IRt 48 4 I Fa e R 2 H AR
iy, 2 N THHE RIS HARED KLER
b 10 B e T A S B AR R R PR A2

3) LR HAEFa B A 52 o 2 7% 943 b
HATIEHLOR Y, TEF HAGPT A JE BE R 3 A Pl
AEF BT BT IR, B DR A BT 9% IR LA e R st AR AR
P 5 R el HAER i 09385 F TR S i I8
B, T IR 2 A SR TERER 20

4 ) RSO i IX R 2 H AR s RS BT,
W TR e DR 28 B AR FE i B R 0 1t
1 ZREpE , B USCRAMICR AR R 0K 3 /i A o %
I, DA HIR A U sg =il
SE
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