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Abstract. Lycium ruthenicum (Solanaceae) is an important medicinal plant mainly distributed in
Northwestern China. In recent years, however, the distribution range of this species has been
reduced greatly due to human overexploitation and deterioration of its habitat. Studying the
population genetics of this species is essential for the conservation and sustainable utilization of
the plant germplasm resource. In this study, we used seven ISSR markers to measure genetic
diversity of 115 individuals from eight natural populations of L. ruthenicum in Xinjiang ( six
populations) and Gansu (two populations). A total of 64 DNA fragments were scored, and
78. 1% of polymorphic loci ( PPL) found. High level of genetic diversity was detected in L.
ruthenicum (H=0.29; [=0.43). AMOVA analysis indicated that most variance (77.0%)
resided within populations, with only a small proportion of total variation residing between
populations (23%, F4=0.23). Results of the Mantel test (r=0.3602, p=0.910) and UPGMA
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cluster of the Xinjiang populations indicated that there was no significant relationship between
geographical distance and genetic distance. UPGMA cluster of all sampled individuals showed
that individuals from each population did not cluster together. The probable causes that have
contributed to the current pattern of genetic structure were discussed and suggestions on future
protection of the L. ruthenicum from southern Xinjiang were also given.
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Table 1 Locations and sample size
of each studied population

LB

" i v
Popﬁuiﬁion L;f‘é‘t‘i‘on Latitude (N)/ Sﬁnnsgsaize
Longitude (E)
XJ1 v %ﬂ.ﬁ’ %ﬁ 42°04'/86°05’ 15
anqgi, Xinjiang
XJ2 v %ﬁ;}"g, %’:‘ 42°05'/86°17' 10
anqgi, Xinjiang
T )
XJ3 v %ﬁ%ﬂ’ S 42°14'/86°28' 15
angi, Xinjiang
XJ4 H ’?ﬂ% *ﬂ% 42°27'/86°14' 15
ejing, Xinjiang
XJ5 %ﬁjﬁ *ﬂﬁ% 42°25'/86°51' 15
Hejing, Xinjiang
XJ6 %ﬁh; ﬂ]ﬁ% 42°18'/86°13’ 15
Hejing, Xinjiang
o, ki °OR’ /1030177
GS7 Yongjing, Gansu 36°06'/103°17 15
GS8 o, A 36°05'/103°18’ 15

Yongjing, Gansu

PR & i) o

ISSR-PCR W& % (25 L) &4 15.5 ul W
ZZIK. 2.5 uL (2. 5 mmol/L) dNTPs, 2.5 uL 10x
PCR buffer (& Mg®). 0.5 uL (2 U/uL) Tag
Polymerase, 1 uL 51% (25 pmol) . 3 uL ik
(20 ng/pL) . PCR i 7E PTC-100™ 3" 3443 I itk
7, RN ZECN. 94CHI A M 5 min; 94°CAE ¥
30's, 55°CHE M 1 min, 72°CHEf# 2 min, 3£ 35 4
PEIR; 72°CHEMH 10 min, SN =HI7E 1. 5% BR
WHEERE [, 100 V BRIk, RICZ IS E T
EOMSCATIRI, HEERBUR R G, B EURAE
AIHEALR 53T

TREEZ RIS [ A HEAE T AEY T
A FE (51975 H i K British Columbia K 2%
$24t), PCR HIIA TR ZEWUA A, ARSLE S bE
FT 604514, BEHLEEE 8 4~ (GHiim 6 N FAIH IR 2
A~)DNA B S AT 51 i i, RS 8 A4
DNA FESVE R Y48 2 3k, KRR 32458, XL n]
HmEM, 280G, ke By AR RIrn 7
D51, HFsIE 2,
1.3 HEGiITHH

L ISSR-PCR ;=4 v vk &1 % v 1) 4 5% DNA %
WAER 1AL, AR E 17, B )

®2 ATHINBERMTCEETRNT7A
ARG M ERREHERFT
Table 2 Name and base sequences of seven
effective primers used for detecting
genetic variation in Lycium ruthenicum

3% Primers J¥%1 Sequences (5'-3")

822 (TC)gA
823 (TC)4C
824 (TC) 4G
843 (CTg(A/G)A
845 (CTg(A/G)G
853 (TC)g(A/G)T
854 (TC)s(A/G)G

SEH“0”, KM POPGENE Version 1. 31 1
Xof B RARAT A FE BE LA SRR S TR 2 5 A0
J5H 43 (percentage of polymorphic loci, PPL) |
e Z R (H) LAY Shannon 48485 ( 1)1,

X PR SR AC FE R TR | FE R P DA B DX 38 [ (G st
SH) 0953778 534750 B (AMOVA) o D 41
FroR F WINAMOVA 1. 55 B4 4 E A A
SCEH AMOVA-PREP #4204k, W3 tEAR 56
ST 1000 KB, BT e b R Fs, R
P A NmM=0. 5 (1 ~Fgp )/ For 2 A Al 550 Fa B 1) g
SRR

FIFH 1BD #4: %) BEAT Mantel #3456, /0475 58
JE AR B 35 A5 10 B 5 M P s 2 (R AR AR G, AT
HigsE 10000 Y B4 REALGE £, Hi 2 I B AR 4 R
PESRIZ A, FIH] PASSAGE #2355 i B
[] fY 2K T PR 25 (km) . R POPGENE Version
1. 31 B SR RER] Nei R/ 8 fE 1,

A Nei (&1 8 f& ¥ B &= %%, I POPGENE
AR R M AC T A T SR NTSYSpe 2. 02
BRPE S BT A RE 4 3 E 4T UPGMA (Unweighted
pair-group method with arithmetic means, HE il

BB SO ) 2K
2 HR

2.1 ISSRHM¥yiEEREEH#HEHEESHFN

Xt I 60 ASBEHLE |9 Hh i ikt 1 7 A5 Ef T
P, A5 3] 64 S, Horb 50 AR 2B,
d R RN 78. 1%, “FXRA 51 DNA
AT B 9.0 4k, a5 4 F Y L 7E 200 ~
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1800 bpxzli], 7EEBRMIR 8 NMEfd, &M
JE LR (PPL) 1E 48. 4% ~71. 9% 2 [i] 25 4k,
X BRI Z B0 S A R R, N 71.9%;
XJ2 JEREM) Z 00 A 43 LR AR 48. 4% (%
3) . Shannon ZHEEFEEL( 1) 45 R BRTEY R K
S SRR ECR 0. 43, & SRR ZREEFE B
0.25~0.37 Z |24k, Hr kel Xd1 fEH#
(0.37), HMKHh XJ2 Ja#E(0. 25) ; BAEMALLAA
JEEE R R KSE R 3L R Z2 R0 5 H Shannon 8
B R EEAAATF (£ 3) .
* 3 ERWITHIRESHMEGES N RER)

Table 3 Genetic diversity in populations
of Lycium ruthenicum ( numbers in
parentheses are standard deviations)

2.2 EBEEfkHK

K H AMOVA Xif F& AR AAC 8 A Ja HE Y 43 B 25 21
W, R R L ok R B For = 0. 230, L
AR S 23, 0% M7 A7 7E TR e, JR N
M AR S A R R 77. 0% (K 4) , BR
oA 4% FE BEM RS BEN AR S B 3% (p <
0.001) . H&T8tfL 71k BB For A5 00 Fa e Iy s ik
RN =1.67,
2.3 EBEHEMBEEEERERESE

SRR 8 AR BRI Bt L —BUE 7RO, 8184 ~
0. 9446 Z[HAsfk, Forp g XJ1 F1 XJ2 ] (st i
R K, A 0.9446; JEEE X5 Al GS8 [a] {155
FEARPE R /N, A 0.8184, 8 A& BEM i AL HE B

EHE ZARAAAR  EWZHEME  Shannon JEAL £ 0. 0570~0. 1913 Z[HZE{E (35 5) . Mantel 454
Pop;J'j“Oﬂ P”; <;/°> - Z*O o (’O - R IR 35 AL HE B FI b, B VA B AR DG (r =
' ' ' ’ ’ 0.3602, p=0.910) (K 1),

e es  osiiosn o0 11 POPOGENE HFExf 8 R BEAYM £ 5
ijg ;g-j 8- 22 Eg- ;"‘; 8- 3‘2‘ 28‘ ig; HATH) UPGMA L5 LRI] . Frim 6 MafrRh

XJ6 60. 1 0.22 (0.21)  0.33 (0.30) 3, HON 2 JERER NSy — 30, B 6 1 JE Ak it
GS7 68.8 0.23(0.19)  0.35 (0.27) B 225 5 PR i M BRA B JE 6 (B 2) R NT-
Specciaessslevel i:? 8: ;z Eg: 12; 8: jz 28: Z; SYSpc A4 X} K 4E ) 115 4~ BB S A A A 1R g 47

UPGMA R, SREW . [F— SR MR GESE
* 4 BRERESFERE AMOVA H1TER

Table 4 AMOVA analyses of the genetic variances among populations of Lycium ruthenicum

2 Sk IR F brifii2 A S 4y AR SR 4R (%)
Source of variation d. f. SSD Variance component Total variation p
Among populations 7 279. 1 2.254 23.0 < 0. 001
Within populations 107 805.7 7.530 77.0 < 0. 001
x5 BRRWICHMEEEEBMUEHAL L) fBREEREEIALT)
Table 5 Genetic identity (above diagonal) and genetic distance (below diagonal)
between different populations of Lycium ruthenicum
Population XJ1 XJ2 XJ3 XJ4 XJ5 XJ6 GS7 GS8
XJ1 ekkon 0. 9446 0. 9202 0. 9159 0.9147 0.9112 0.8771 0. 8803
XJ2 0. 0570 Hefkk 0. 9295 0. 9076 0.8611 0. 8906 0. 8698 0. 8834
XJ3 0. 0832 0. 0731 etk 0.9170 0. 9067 0. 9388 0. 8259 0. 8521
XJ4 0.0879 0. 0970 0. 0867 okl 0.9191 0.9078 0. 8637 0.8774
XJ5 0. 0891 0. 1496 0. 0980 0. 0843 Hekskok 0. 9292 0. 8353 0.8184
XJ6 0. 0930 0. 1159 0. 0631 0. 0968 0.0734 sk 0. 8432 0. 8391
GS7 0. 1311 0. 1395 0.1913 0. 1465 0. 1800 0. 1706 EEEES 0.9383
GS8 0. 1275 0. 1239 0. 1600 0. 1308 0. 2004 0.1754 0. 0637 HdkK
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r=0.3602, p=0.910
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1 HEERMCEMNEESRS
EfERE B AE X 1A Mantel 136
Fig. 1 Correlation between geographical distance
and genetic distance revealed by Mantel test
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Gansu
GS8
XJ2
XJ1 -
FiE
Xinjiang
XJ5 XJ3
1 XJ4 xJe

2 ET Nei iZEIEE 8 1
BE#ITHI UPGMA R E
Fig.2 UPGMA dendrogram of eight sampled populations
of L. ruthenicum based on Nei’ s genetic distance
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W5 Liu %07 5% B SRAP 4> Fhric Xtk A Hlr.
TR HGAHE 4 4 K BRI E A%
ZREME B WF 5T 45 R — 80 (PPL = 85.04%; H =
0.2112; ] =0.3329), i it 54 a0 58 217
PR AT Sy B e e 7 S R M AT R
HF H T 3 R st g 2R KOF

FEIAAC A A T 2 3 R U R U
TG 25 ARG VT 3, Rleh iz A A
SEASGE R R0k A 3 o R AE £ 75 2
MR TR R A LR EMET RG5>,
M EE REGN R R Y PR = it 20
MK EZHE S 55, REHMTRE
A i Y A IR TR D (RS ORI AL B TR
A R 1 i R AT B s B 1R R LA S
AEREALT | XTI H RTAR v A H R R X
ol ey 50 b DX PR PR SR AT B R M AR 2R
IZANAE I P AGR A AR AR, IR A A X
RS KR, FAMEF R 2R, A0S
JEEA SR B4 A X9 BB A R K i A i T 0
A F T 1% 0 Bl 2t F5— 52 (038 45 2 RR R KR
Utk , AEYRKT R AL i st A% 2 e H TR
Al R A ™ 5 A2 B Y AR B R K R 5%
H[ﬂ[mo
3.2 BEHEEREMSERER

A 3 0T PSR M A R (R R B PN ) AMOVA 4y
Br, SR EMHAEE T FEAET RN S
AR 77.0%) , AT Liu 07 s —
B RPN 035648 A SR 519 15, 55% ), HII
BRI R R B AL BN WRTRTIA, BB
o2 R Ry, A 325 S 2 RmG o
SRR, I X AR K O 2 R T A % O X
AR FERERIE RGN R . —BOR AR A Y 2
PRI A R/ B e i T AR TR s Rl 73 A
AR PE Nm RN R & (= 1.0),
(0.250~0.99) ., 1 (0.0 ~0.249) =% gk
S PR Nm B S R R T A 3 R 40
TAHDG, RRBEEPR B R ol SR e (Rl A 3545 43
Foit /N, R A 3 R 3 AT A BH Lk S B 1) 9 st 4% o1k
HREG FofE, FRATTHESA Hh R LM AL J 1 ] i) 2 PR 3t
Nm=1.67, FW RIS B B A7 AR B ) B
Ui, B B SR D AR AT RE R Lk F st AL TR AR T | R ) B
SAAC B Z ) st AL ok

X B e 7 1 6 A JE R A SR SR A AL AT Y
Mantel 46535 & BR 5t 1 P 25 F1 b 34 BE 28 AT k2 1
AHFEME(r=0. 3602, p=0.910), H 1 HE 5518
SRR B R s AL A A TP R E A R T . AR
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AR ) )t A R DURE A 3158 LR A 1A B UPG-
MA 25 25 5t 3 B PR 29 200 1) o A O R A
SEB AR S SR, BT, X
BRI, AUIEETBR A R R, AR
HRPE B A D A AR Xt A F 8 K A X (L
MEEE), A JEHER B U A v 1 ol 2R
B, o R ) 14 56 PR S U T REAR S LU e 5y, AT
PR e A 1] F) b B o 8 gt A 7 AN L et
AL T AR UPGMA 2545 -k, [
— JE RN RESE 2RI, HE— D S i
)AL 0 A2 JE BTl UPGMA SRR,
BTSSR AR H N RS A RO — 32, RBLIEROR
12 ]t o g o SRR M AT AR R RS2 T L
ST GRS 4 AN DR R AL AR 3 R 1 38 A% B
T )l LI AT S A 6 A A BRI Z TR A
WA IEARRSC AR . i AT BRI F Y T L
MBFFERREA R, BT RAEHIRIC T 2 A E ity
WEZ RS T, MITE Mantel K55 o oK G 45 H i
JEHE . XETHUR BT A B RAAC R S 2E 1T 19 UPGMA
I Hrh, BATRBR AT SRR B AT AR
RESE 4% I RAE—ikS , I DX el ] (4 SR AT 2
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B RA B RG R RN RR T R IR,
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EHROS R Z R, JERER B -t
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AL A T HE S R BZ AP 5L A, (HE
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T SR ARARACES A PR A Wik, R 2 —
AN P 5 R S AL AR I K A, A
T2 S Y A R A8 2 R R KR R
T2 0 2R 4 A A7 K n] T B8 D0 5 o o %
TRIek % 183 S EURAACER A B I e 1
ERA PR N IR A S A BT BIR , FAT]

FEBUN PR S SRR X, AR Ik, R
T RRARACH LU AR A B A B s DRSERY S H AT
— D ESRMIAC R AP X AR H A B s B s ik
Xf o SRR RS SR A AR, e SR T
RN, BESL T LI ST R SRR ARAC RS A BER
ORGP R ] SRS R DT IR TSE , ASBESERIE %L
TRESE TARR—&0 00 . BT H AT BRI A=)
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