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Diversity Analysis by Seed Traits and ISSR Marker of Xanthium
sibiricum Patrin Germplasm in Shandong Province
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Abstract ;. Twenty-nine Xanthium sibiricum Patrin germplasm resources from different ecological regions in Shandong
province were analyzed for the genetic diversity of seed traits and ISSR molecular markers in order to provide a basis for
germpalsm research and genetic improvement. The results showed that the average kernel rate was 32.20% ,and coeffi-
cient of variation was 26. 66% ,diversity index was 1. 94. The average oil content was 30. 03% ,and coefficient of variation
was 20. 85% ,diversity index was 1.94. The average hundred grain weight was 9.95g and coefficient of variation was
33.46% ,diversity index is 1. 96. 134 polymorphic loci were detected through 21 ISSR primers amplification with 6. 38 lo-
ci per primer and the ratio of polymorphic loci was 98.53% . Different geographic and ecological group of Xanthium
showed different genetic diversity. The highest genetic diversity was found in Luzhong mountain area,located in the junc-
tion of Jiaodong peninsula and inland, where gene exchanges took place easily. The lowest gene diversity was found in
Lakeside lowland area,where it was blocked by Thai-Yi Mountain and Nansi Lake,the exchange of gene was limited. 29
Xanthium stbiricum resources in Shandong province plus one each from Hebei province and Shanxi province ,clustering a-
nalysis , the results showed that the Siberian cocklebur resources in Shandong province and neighboring provinces had cer-
tain genetic exchange,but had own characteristic ,and evolved relatively independent genetic resources system.
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B H-( Xanthium sibiricum Patrin) , X & H-1 B
B RSk 2 R A B — AR AR R bR R 20 ~
90 cm, Mt HE[F AR, AL 7 ~8 R 9 ~10 H, J5™
TIEPNAZRE , B4 A5 TR L 38 U iy e B30 o K
RPN AACES , H A T Il 3 R B 55 T A TR
R M X o LA R S G 3 i 7 A T
EPE ZESE L TR 5 b R R S A N 3 A R AR
P I b 7 # AT LA KR R R S R 10% ~
20% ,Fi~ il it ik 44% | 77 HE Gk 2250 kg/hm® B i
R, R AA R T r AR R AR W) S e R A
7R 3 RO EE T S PNEE S IR AT 75s 4 N
W 10% 247, & BB {H k4. 45 mg KOH/g, it
B LRI 2RI 9 AN B, & —FP T or AR I &
TRV GE AR L T AR AR, B R E
FACER AT A = b Al T AR R
A RAR . EHIEAA LR, R
Yot B ELAT R 3 s e e OB A T
WFFE S BRE A B- 118 Dy Al s i 5] 1) W 2, AN AN AR
K e FO AE SR, TR A PR R RRL, B
AR AR5

ol J5 0 U 1) 38 1 22 0 P e AR VE 0 0 R RN 1)

®1 BEEMBNSARBRE

Table 1 The situation of Xanthium materials group

LAl , WO A S R G AR E SR BT S Y
PRAER L T RRIC R B I T R R WU
AL Z RV ST, R Bl BT B IR A O R LA DL R E
Pl i) S AR BB AR 4L T R B ke, ISSR
S FARCE R E O BRI, B R e, B
A AR B R P R 1 2 A O T BRI R
ek T RFLP F1 RAPD (5 £ Jsy BRI, J& AT M 9
PRS0 R fE ZREMEREG X R PR MA I T
RPN ORISR E T IR S SR TNE
HRp IR, F FIH ISSR 2y Fhnic 52 R kTt f% £
FEME AT AT , LAY Ry 4 B 1 a5t 4% ole BRI B A 40

1 #MREFE

L1 e

L3t 31 Gy HAR, e i R4 29 £y, v e
AL B A 1 o 29 i Il AR A & HEF 2009 4F
UL 7 003 58 52 AR, 23 530 DA ) b 3l 3ok B — 4> B
FECR M T BEAN, MR 1L AR 48 A ) 0 A 16 26 2
R NI R TAN Y5 S e S A N DD QT i R )
DX ) 4310 BT SR SR 1 VR VR A O 8 AN ALEE,
k1 s

20 %] Groups Sk B Sources

10 E A4 9% X Represented vegetation regions

55 1 4B Group 1
55 2 tARE Group 2
45 3 41#F Group 3
5 4 4B Group 4
% 5 418 Group 5
5 6 4B Group 6
557 4B Group 7

%5 8 #H#E Group 8

M (22) Je 1 (16) R (14)
TG (24) (RIS (2) KN (29)

T (10) VB E(S) TR (27) Tk (19)
BE(15) Z (1) Y5 (7) G#3m(25)
(1) R (26) FIH(28)

S (20) GHAE(9) (FE2(13) I TE(18)
He I (23) il (12) R (3) FEM (21)
I (4) P (17) FFRI(6) FII(8)

i %<2 % JE X North zone of Jiaodong peninsula
e %% 2 15 R X South zone of Jiaodong peninsula
@ 11X Lunan mountain area
€ 1L F X Luzhong piedmont zone
241 #7Z X Lubei yellow river flood area
frf ] 3 X Luzhong mountain area
W) HE L [X. Lakeside lowland area

V575X Luxi plain

55 NETF A ¥ 45 The figures in bracket are material code

1.2 KA *E

1.2.1 BEMCRMEHENE AR K
BLPk I — > B /Y 25 B Fh 100 %7, R AT 45 A KL
1 omg HIBY JT /N0 BT F b R, R AT 1 5% 2S Rn B
n, 28 58235 n% ; [A)F, FREUITAS R B BT it my
A3 m/mo 25 B &I, R & G
Lk S 08 GB/T 5512 —=2008'7 3 Wk E & .

1.2.2 EEH DNARE FRELZ 100 mg 1Y H-4))
PO R ZH A, AR R FE A W, 2 B W R R 4]
DNA $2IBGR ) & (R AE LR (b5t AR A

A4 A0 BRI O H- DNA £ U8 15 FH 3 s o5
I FL Uk ARG TN 4 BB O

1.2.3 ISSR-PCR RN &4 RK#EF ISSR 5|9 H
IR HEHAE K% (UBC) A i 1955 9 & 100 5]
Y14y 9kt B4 JE P41 DNA SEA79 38, fi e i 2 28
PEGF 8 S i M s 4t 21 (R 2)

223 ISSR-PCR i 4 22 Fl 2 80 i) Ak i 5, 4
SERNEZRINT SRR 25w, Hot 10 x Tag buffer
(Mg** free) 2.5 pL, Mg’" (25 mM) 2.5 pL, dNTP
(2.5 mM)0.5 pL,Primer 1 uL,Taq (2.5 U/pL)
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Table 2 21 primers for ISSR-PCR analysis
EIR7] 751 EE7) 751 519 751
Primer Sequence Primer Sequence Primer Sequence
807 AGAGAGAGAGAGAGAGT 823 TCTCTCTCTCTCTCTCC 864 ATGATGATGATGATGATG
808 AGAGAGAGAGAGAGAGC 834 AGAGAGAGAGAGAGAGYT 868 GAAGAAGAAGAAGAAGAA
810 GAGAGAGAGAGAGAGAT 835 AGAGAGAGAGAGAGAGYC 873 GACAGACAGACAGACA
811 GAGAGAGAGAGAGAGAC 836 AGAGAGAGAGAGAGAGYA 880 GGAGAGGAGAGGAGA
812 GAGAGAGAGAGAGAGAA 840 GAGAGAGAGAGAGAGAYT 895 AGAGTTGGTAGCTCTTGATC
815 CTCTCTCTCTCTCTCTG 841 GAGAGAGAGAGAGAGAYC 899 CATGGTGTTGGTCATTGTTCCA
822 TCTCTCTCTCTCTCTCA 857 ACACACACACACACACYG 900 ACTTCCCCACAGGTTAACACA

R=(A,G),Y=(C,T)
0.48 wL,DNA #47 3.0 wL,ddH,0 15.02 nL, FrH
Taq DNA 4 (ANTP S50 T 46 5t B AR YRR
BN F] . PCR 73 454 :94 CHiAEE 5 min,40 1
W B MG 4E:94 CAEPE 45 5,53 CHEMEA4S s,
72 CHEAR 90 s; L5 RAFHR S5 72 CHEAFI0 min, 33
SEMUE AE 1. 5% B g B EE R F LTk (100 V,50 mA) ,
EB (VAL 58 ) 44 4 20 min, 5840 3 A7 AL 4G I 4
W Wy IF MR
1.2.4 HENSEITESHT B Excel iIMBFF
23 5T A8 PR R i A AR B R AE L B /MEL
VA5 B R S R R AR 2SI S AR R, AR R T 2 8K
(X) FriE2E (o) #5145 HA R 10 20, N X260 F
X +20, % 1/20 H—%, HHPHE 1 %h Xi <X-20,
%10 2% Xi=X + 20, M Shannon-weaver i {§ £+
PhAE B My B HE R AL M RN, 2 3
H= - 3YpLnp, ,p A —VMEIREH § GBS A
FERRECR B 423, Ln g FLARR 80

ISSR-PCR HL 3K 45 19 352 B, # IR A 32 4 1,
ToF i 0, 8 iE 9 95 F HH Popgene 1. 32 Hff:, %)
IR 1 29 Oy & HAHRHHEAT 73 #T

£3 LFEIMBEENIIMIHFERNEESH

2 FERE5SMH

i F R B 1 R S
23 e R R R E A v e HOR T
TEIMER . X LR PR 0 BB S BRI AL 2 A
PEFEEC(H) HIAFR 3, AT, IR E RRATZXE
HiysseR MR Sl HREAERRER,
25 R A /N R 0, B KA Ik F] 9.00% , OF 3
1.38% A8 20 137.15% , ZREVEFS B 1,51 Fb
{7 R AT B M A B e /N 14.29% |, 1 UT F B2 6 R}
Bkl 43.44% , ¥ 32.20%, A B R BN
26.66% , ZAEEFE R 1. 94 & il & I VT UT A R A
%0 19.94% J0 & e F M L e s ok 42.31% , F- 3
30.03% ,AF 5 Z 80 20.85% , ZREMEIE B 1.94,
PEIT R M OB RN 4.52 o, BAEAME R KH
17.00 g, V-4 9.95 o, 748 T Z N 33.46% , £ FE 1
TRECN 1,96, LR 45 R UL 1L R 48 5 H % 5 A+
PER B 5t A% ZREPE R o

AHHES T (2 4) FH, B HM RS SHEZ
[ 2 W S 3 LEAF G A OC R B #1) 0. 8087 , F2 B Fh ity
T R, v LA SR S HE R — M8

2.1

Table 3 Main parameters of 4 seed characters in 29 Xanthium in Shandong province

PR Fe/MA ISP ] Rk 7% S i bR 2 ABRRE(%) EZS 2 cxi
Characters Min. Max. Mean Range SD cv H
23FER (% ) 0 9. 00 1.38 9. 00 1.90 137.15 1.51
2% (%) 14.29 43. 44 32.20 29. 15 8.58 26. 66 1.94
HRE(g) 4.52 17. 00 9.95 12.48 3.33 33.46 1.96
i (%) 19. 94 42.31 30. 03 22.37 6.26 20. 85 1.94
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&4 EEMTIERBAKXMESH (HEWEH X ) Z 8RR, 28 MEA A 52 4, 238
Table 4 The correlation analysis on Xanthium seed traits P 1 @u/@-\ﬁ 38.24% . 8 AL B L A5 L 6] i ok
T SI/NHEFF A3 55 4 ALRE > 55 8 41RE =45 5 41BE >

it oy D TR 6 U =3 LR > | AR > 2 LR > T
Charscters Rateof  Kemel o o wee LLRE RSO A (Na) 14D HT 4 S A L
ity e pereentare 0 TR Shannon 2B P4 0 557 0 HRA 0

(%) - —0.373  -0.163  -0.0412 54 B, IKF) 0. 4684, % Bt Shannon 2 4 1 45 %
Friecse) T osemo02w Nei's H PR 2 B PE (H) AT380% G0 2 D (Ve ) EEAT R
G — 021 NS VA 25 SR — B 4 B > 55 5 ALRE >
"W 5 AR T Highly significant correlation WS RS> I HBES>E 3 HBE > 6 HEE >4 2
2.2 EEHEEZSHMLER ISSR 54 HRE > 55 7 ARE st DL B T DU 256 4 AR

AU 20 5193 (R 1) K 228 s B REE, TRE 558 4 i Ab7E 1L AR 2F
134 A EA T 6.38 AN, ZEMEN L S NREX S FAL B R S R BAT O AR T 41
Fefil ik 5] 98.53% . K HREL A2 R A (£ SRFEUTIER Lowg vUl) i PR, FRE 1 25 P9 22
S)HAMB (BRI ZaREE, A2 AKX, SFHBMBE ZHEAEZES B TILAR
PG5 113 4, M Rk 5] 83.09% ;45 7 4R A BT A HAE TR B s i Z R

-

. o W R Em=E : BN 2000 bp
adad A g R AR F F F RN L ok -
- e

1000 bp

-:::""‘agi”.—-ﬁ-;.::-..__--_._ 750 bp
-— e 4 :—»--.———-- — — — —

500 bp
1 23 4 56 7 8 9 1011 1213 14 15 1617 18 1920 21 2223 24 m

Bl1 51#807xf1~24 SHEHTILER

Fig.1 Profile of amplification on samples 1-24 using primer 807

RS LELABESABNBEEERSH

Table 5 The genetic variation parameters between populations of Xanthium in Shandong province

4153 JUE S 2 a HREAL Nei’s #£ 8 Shannon Z#% 44 Z AP AR ZEMALE R (% )
Group HEFEE Na L Ne ZreME H TR No. of polymorphic loci  Percentage of polymorphic loci
1 1. 6691 1. 4679 0.2656 0. 3896 91 66.91

2 1.4118 1.3075 0. 1705 0.2474 56 41.18

3 1.7059 1. 4554 0. 2609 0.3876 96 70. 59

4 1. 8309 1. 5439 0.3164 0. 4684 113 83. 09

5 1.7721 1.5312 0.3034 0. 4462 105 77. 21

6 1.7059 1. 4157 0. 2450 0. 3698 96 70. 59

7 1.3824 1.2941 0.1593 0.2299 52 38.24

8 1.7721 1.5111 0.2984 0. 4407 105 77.21

5 2H 7 ] 0. 3426 0.2524 0.2632 1. 4000 134 98. 53

Among the groups

2.3 WWELEBEMAEN ISSR BESH BELAHMRLEIRF 0. 9291, AHLFE F/ 53 A S

LLZH B hy B4, 38 3 Popgene 1. 32 B4 X 1L 5506 4 T T 40 A BN I AR B R R B X
REATHD 8 ANHBEHTT UPGMA A 4401 (R B2 41 #F 55 5 41 #F 8t 1% M8 0 E & 1K,
6 . 2) MM EREMAEIABSH 64 0.7234, nTREJE N A 2 AR LR 5 M
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R, WA S AU AL T Il AR R PE AL B T R = A
6 e DX 3, 4 R 2 S i A D A DRIl o R
KoMl ianys 2.5 TR 1 HEEHHE 4 4
TES AR B AT, e R TE— &, AR5 55 8 4
MER N — 28, EEOMIAR A BRI 55 265 3

F6 Nei'sizEHEME(L=A)MBEEES(T=/)

MBS 6 A B MU E RS, BN —2K, =
BRRINARE WG Il A X5 S AR5 2
LR LA T AR A R — 28, o AR SR BT =AU
R PN N T 7 A P QTR B R e N ]
L 2R 48 A B/ X R 3 o A W 4

Table 6 Nei’s genetic identity ( above diagonal) and genetic distance ( below diagonal)

20 51
1 2 3 4 5 6 7 8
Group
1 — .8556 0. 8893 0.9255 0. 8270 0. 8953 . 8878 . 9089
2 0.1559 — 0. 8629 0.8248 0.7234 0. 8602 . 9096 . 8248
3 0.1173 . 1475 — 0. 8676 0.8184 0.9291 .9043 .9070
4 0.0775 .1926 0.1421 — 0.8877 0.8874 . 8237 L9142
5 0. 1899 .3239 0. 2003 0.1191 — 0. 8366 L7341 .8914
6 0.1106 1506 0. 0735 0.1194 0.1785 — 8617 . 8828
7 0. 1190 .0948 0. 1006 0. 1940 0.3091 0. 1488 — 8481
8 0. 0955 L1926 0. 0976 0. 0897 0.1150 0. 1246 1647 —
1 . SALLRE |
| | SiRULAE |
t 6 ZH A
| L fiﬁgf ' i
| ! v SE2ZHIE : |
| it | |
5 — SR | |
0.21 0.17 0.13 0.09 0.05 | |
Nei's genetic distance : I |
|
. N |
H2 WHE 8 EHARE UPGMA EX S | |
Fig.2 UPGMA cluster analysis for 8 | ‘ 30-PEE A
| 311174
populations of Xanthium in Shandong province i ! ‘;:gﬁ
: — %%’i
s a2 15-5E8
2.4 AEFRBETEHR ISSR BESHH E L 1eni1
B0 R A SR E B 29 & B AR in b3 — ey H—
054 0.67 069 0.92
b 4 B2 L P 4 9 % RS 316 LB NT- L8 CoetTen
SYS-pc 2.1 #EAT UPGMA SRR 53 #7, 295 O 2 B3 31 HEEHR K UPGMA B4 #
ANRE(E ), GAHBESREREM 2 MILERSE Fig. 3 UPGMA cluster analysis for 31 kinds of Xanthium
SRFERES I AR A N 20 SRS R O — 28 X UL B
AR A8 K 4 b XY 5 B A RS 480 4 1 1Y 5 3 it

B — 5 B 3 A5 73 A0 Il 288 T B Tk
P OBE R e G R 9 A
BEREM—K,FgRFRiE. TUAEN,WILE
BRI PG B i 2 0 A ORHAR B A RO — 2R,
5 IR A A Al 20 £ AR O — 2 X BE W]
IARENEHFMEREAA A SR A, B
HE AR B A DX Al 3 DX 45 BB IR R 5

R B 25 i 2 PR E A U A B A%
PRSI T A7 2 57 0 AT 45 S R
Je P FA 5 Tl iR s, O 42.31% e U U v 1) 4
HRPRR S b e 1K, O 19.94% |, 22 S8R, BRI
AR RCERLE R R BB R X S B ESIEAAT o

HERB AL Z REVERR T 52 A AR B 4% EE R 2



34 AR AR A L L 7R & B BEIR B Rh T R B ISSR 2 R o) 667

FE R G AR J 3ot A5 VB8 S T 2R 5 A1 38 55 ) i) A= 3
SV PP BOULG B A AR A e AR
(i ISSR 45 2R W 7R, 4% 20 #F Shannon 2 P 48 4RI
Nei’s FLRE 43 #1 J Z A PEOT S R 22 R K, B H K
A RE NG Z RN T ALRE R0 AL Z AR B
AR /N F AR AR R, IIRA 8 N
1458 A% AL E 5 /8, 28 A% HE B 5 /0N, 3k ol I 4 - A
P ik PRI A8 9 R R X AL T A, L AR 5 4
(BALEZ IX) 55 2 AR ORARE S IX) X5 7 4
TE (TR 1R i 1K) 388 % FHRLBE A XA, PR3 3 A X
) b B A7 AT, A7 o L VB BEL IR 1 A 2R 4 AR
(BrPlbar ) 55 1 AR (RARESI0X) 53 4
BECER LX) 555 6 21 (& il X)) 38t 1% A0 B8 o
o, TP L XS AR 2 b DX P A T
g XS XCFE I AR A X R R TS
Ll AE A X 3 U8 B LR A8 B8 P A5 A A /N X 22 T
& H IR A A — o BB st L Ak

UPGMA R pMr & R Bom IR &MY /NXK &
LR R 4 06 R I 3 AN [R], AREIR [ I AR A, vl
WILAREEH 2 KIEHE 1AM B4 4R 558
IR 53 ALRE 5 O AR 5 S AL — 2K, iz ks
HBEUE W] et AR db T R AE A I & it 45 A 1Y ast % i
AT B BT A% A st A R R A EE TR 5 2 AL B
M7 AR, ATREMIL AR IBEE X EA L, DLt N
AT IEAT R R ST A IR BN I AR NS X 5 H
BURAE TANE RGO RN A%, BN B Fp 7
RE R B FE N K sh 4 B I, vl 2 A 2588 3h ) 19 36 20
PEATRER S, M AR 10 ¥ B B0 30 L N 2K 0 3h W %
Bl M5 iz 3h A 22 0 T 0 TR R N O 240 Y I A F
G, TE G 15 AP 0 JE B Bl ) RS e A B S
THMHEE, B2, ILABEEHEEAKRS N E L
FEVE 5l w  BA R K E M RIg .
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