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Abstract: [ Aim] To study the genetic diversity and structure of Ambrosia artemisiifolia and Ambrosia trifida in different geograph-
ical populations. [ Method] A total of 240 samples from eight A. artemisiifolia populations and seven A. trifida populations were la-
beled with 13 ISSR primers. [ Result] A total of 304 bands were amplified from 128 samples from the A. artemisiifolia populations.
We observed 98.68% polymorphic loci. Shannon’s information index and Nei’s gene diversity index were 0.6716 and 0.4788, re-
spectively. A total of 266 bands were amplified from 112 samples from the A. trifida populations. We observed 95.86% polymorphic
loci. Shannon's information index and Nei's gene diversity index were 0.6593 and 0.4670, respectively. The genetic distances of A.

artemisiifolia and A. trifida populations were similar. [ Conclusion] ISSR analysis showed that A. artemisiifolia and A. trifida had ge-
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netic stability among their populations, but with rich genetic diversity within the population. The genetic variations in A. artemisiifo-

lia and A. trifida mainly occurs within the population. There was a significant correlation between genetic and geographical distances

of A. artemisiifolia populations, but there was no significant correlation between those of the A. irifida populations.
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WK ¥ Ambrosia artemisiifolia L. 1 = Z4 M K &
Ambrosia trifida L.3JJ& A0 SRR F 2SN
A FAE) 5 43 T RS A A R A ™
HERSMRA FEY (J177155,2005) o FKHFT =22
K BB ) AR AR 2 4 g i | A= 4 b 5 HE e Al
T B A E, R AR A, B 2 3 J5U A b 26
RS LI FEUEY ZRE TR R AR, 5
VEWISE A S BUEY ™ e gk, HHAER X AR B A
B (Bullock et al.,2012) o K HIFR 3L -
A B, — AR RAKE Y, IR AG R I AU SE U (BLF,
2018) , 1T 200 4F7E BRI H N S GE, O Y HE] 80
Z A~ E 5 ( Montagnani et al. ,2017) ,20 T2 30 454X
HRAEARE, BB Z 040 TR E R 4
Jb A AR S IX (M IREAHE SR 20165 HF 2 38 A
#H5,2017; Chen et al. ,2007; Qin et al. ,2014) , —
S AR R R A B J s BHIK R A, I
AESEU 20 Hh4 30 FARUEATRE, ARIEERE
VL AC SRS ( Sh R 4 A5, 20205 S 54555, 2020)
2010 4F 77 SO AL A 5 IR B 15 YR B R =
ZUH KR AR, B T S A | 5 O T AR
R O U 3 4 b A R A 7 A
(VLA 20205 FEIGFEFIRGF-,2014)

] B 21 A2 X [H] 47 4 2 5 % (inter-simple
sequence repeat, ISSR) J& H Zietkiewicz et al.
(1994) & F & 8o 7P 5 & & ( simple sequence re-
peats, SSR) H 7 1Y —Fh 7> FAric H R, Hi7E SSR
(¥ 3" 5 5 Ui b 2~ 4 ASEE AR R , LA 5 S b
(% —¥E, PCR 7 ¥ 48 B Uk 43 A1 5 W] A5 35t 4% 2
FEMEAS B (Fernandez & Figueiras, 2002) . ISSR
ARBABAETE | 8 VR A 2 28V S0 1
it Z2 FEPEWF 58 i )T 2 ((Godwin et al.
2010) , HHTISSR EfEZ s Y R4 KR |
FST % € 45 BIF 5% 5 T A5 B8 T (W B AR
2007) . AWFFER FH ISSR HEARRT 8 AN K = J B Al
T A =R KR A Y 35 A% 22 R S AL Al ik
130307, B L8 715 B 96t 7 AL ) 45 JK R A = 24 JIK
TS AR B A% 22 AR MK A T R I 9 e
& o3 A AR BE DL K A [a] e FE ) 1) 2R 2 G 2R

1 #elEAE
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S KRR A 3 ) SR [ SR R B ] ) B
B BT 58 HO R (439317807 N, 83°17' 17" E, 4k
806.6 m) FraEH I H N v 5 S VD IR A (43°32725"
N,83°17'97" E, ¥4k 828.2 m) | fm5 U5 B4k 4 7e
BB A (43931729 N, 83°22'50" E, i§4k 817.9
m) TR IR Bk IR AR AR ol BA (43°327247 N,
83°23'36" E, iE4k 951.3 m) Hrpr i 50 ve & A
(43°31'23" N,83°2049" E, ifi#k 801.6 m) HrimHr
VR ELAR PR A AEAT (43°32/23" N,83°26/15" E, iitk
1039.5 m) AL TP BH T PRI X (41°49'45” N, 123°
33'26" E, i34 37.9 m) 7 N EBE ., KR ERE 3 IR
BT 58 A1 A /R B S8R IR B I AO8ORT (430497537
N,81°59'25" E, ¥4k 553.0 m) 5N 2K B Ip A A
(26°18'12" N,106°39'20" E, ¥ 973.1 m) .J Pk
T RIS AT LA (23°31750” N, 109°21'57" E, ¥}
% 69.0 m) )7 VU R B T F FHALF FH A (23922733
N,109°13'26" E, ¥4k 89.0 m) .J iR il H H
SN S AR (23°32718” N, 109°21'30" E, 4Kk
74.0 m) GHrERHTIR B K BL R (43°19745” N, 83°
50'23" E, 14K 845.2 m) JHiEHTEE EAFE SR
K (43°17'16” N,83°23'49" E, ¥§4k 832.6 m) Hr i
B EL BT B S BEL NG B PG ST AT (439157597 N, 83°
27'52" E, ik 815.0 m) 8 N JE B, BRANERER 5
FEPIAE S, 16 BR, 35 240 NFE S SREERT, B4 JE 1
[ERR 2 km LA b2y —FF 505 R S b ol B
2B I BT 5 A KRS K R A BT AT T AR 2 0 R
EEPRAL SR PN AE S BB SR A B BE AR 1 PR P A AT
RSB, B ETE N RAE I AR BB 7E 20 m
DL E AR A — O B i, 228 BB R LA $4H [] A 4
PRI Fr 8 TR i 48 v Ay [m] 52 46 35 TG TR 7K 3 1k
PRAET-80 C B ICIR VKA & H .
1.2 Fi&
1.2.1 FEFE 4 DNA W3 E H0.10 g MR ELS
mL RS EP & Bl EP AR A 15 s; B
S RIS A AR, LA 800 L ) DNAiso Rea-
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gent , #t B 2 min; fiIIA 200 pL &7, e 60 s J5
15000 r » min~" 4 °C 5.0 10 min; BRI 5K
B =M A1, 15000 ¢+ min™' 4 CEL> 1 min, 3 F
TGN 300 pL JG7K 41, 15000 ¢+ min™' 4 °C B
O 1 min, 3 FiEH; A 700wl 75% 8 K , 7500
remin"' 4 CE.L 1 min, 3 F3H ;A 700 plL
75% WG , 7500 ¢ - min~' 4 CES.C> 1 min, 75 PG
2555 15000 r - min~' 4 °C B0 2 min; A 30 pL
ddH,O(TE buffer) , ##+& 2 min, 15000 r - min~' 4 C
B0 1 min, —20 CR-1F DNA,
1.2.2 ISSR-PCR ¥ # KIEAZEIEHE LA K7
(The University of British Columbia, UBC) 2\ fii [
100 4% ISSR i FH 5% ( https: // wenku. baidu. com/
view/62eea8f1{c4ffed473268ab76) , H1 I i A ¥ T. 74
OSElE L, DAKERD = 240 K DNA AR AR,
GT9612 7 96 £ PCR {{#E4T ISSR 3 FH 5 | 9 it i
AR R, IR B ERE LT
Py, %k DNA AR AR BE 5 | ) FH s R g il 32 25
rife, MRIEC LR R AR T i 215 2 1Y
5 1R T A KRN = 24 KRR S 1E4T ISSR-PCR
P, W PCR YRS T 2% (IR & 5
TAE Z2 g AR R L) B BEEE I (& iRE S 58 ) W
PRGN, K600 H . 75 V35 min, 7EBERR AR T
ek,
1.3 HIEFEHH

PLISSR-PCR B AR Y, Excel 415
B b bR <17, ik b bR <07, BT 0/1 4

*1

R4 ; 1l POPGEN 32 #{F1155 Nei's JE K 2 FEPEFE 2L
F1 Shannon’s 17 2454k 2 MistES4k; HI NTSYS 2.10
AR 15 A EREHAT RIS T, L SR 5 O R RPIR
RAE] FIH 225 B A4 R Y 4B s, H
SAS FR AT B B FB AL R B 1 AH DGR AT

2 HRESW
2.1 ISSR ¥ BLER

ZAAFIRAE R NAR F (25 pL) :12.5 pL 2
xTaq PCR Mix,2 nL 54,2 pL #i4i DNA,8.5 pL
ddH,0, PCR F&F X .94 C WA 3 min; 94 C
AR 30 5,55 CiEk 30 5,72 CHEH 1 min,35 MiE
;72 CHEH 5 min, HGHB4» DNA BE 5L (4 °C R
12) K HAR MR AT YT, TRkl 13 522
ArEm W HEZ M EI(ER D),

FHWUALIE B s AR R 5y, 13 %514
X} 240 yFESEEAT ISSR-PCR ¥ 8 5248, Hoh 5[4
UBC884 Xif = 24 JIK B4 38 22 A5 M 4% LR IR,
H 78.57% ;5141 UBC815 X [ HL 4™ 48 2 25 b K dx
ik, N 87.50% ., 514 UBC812, UBC815, UBC822,
UBC823 ., UBC841 ,UBC848 . UBC866 X = %4 - Jji #t
P2 A& R IA ] 100%; 514 UBCS23 .
UBC825. UBC848, UBC866, UBC884 UBC887 Xif
WKLY 34 22 280 55t L 383K B 100% , T =240
WK B A RIS 5% 5 F A MNBT IR B b 3 Ay e A
RASEFE L, SEES P UBC841 X =24 ntJiK
FLRERFAY ISSR HEA T3 9 gk an &l 1 s,

IR HE S MERER

Table 1 Basic information of screened primers

WKHE A, artemisiifolia

SRR AL trifida

EIL/E 5= 3117 SRR ZEMANE ZENEAT BARHE AN S
Primer . Number of Number of & Number of Number of HeR

number Primer sequence total bands  polymorphic Polymorphic total bands polymorphic Polymorphic

bands band ratio/ % bands band ratio/ %
UBC812 GAGAGAGAGAGAGAGAA 24 23 95.83 21 21 100.00
UBC815 CTCTCTCTCTCTCTCTG 16 14 87.50 21 21 100.00
UBC822 TCTCTCTCTCTCTCTCA 24 23 95.83 21 21 100.00
UBC823 TCTCTCTCTCTCTCTCC 24 24 100.00 28 28 100.00
UBC825 ACACACACACACACACT 24 24 100.00 14 13 92.86
UBC835 AGAGAGAGAGAGAGAGCTC 24 22 91.67 21 20 95.24
UBC841 GAGAGAGAGAGAGAGACTC 24 23 95.83 21 21 100.00
UBC44 CTCTCTCTCTCTCTCTAGC 24 23 95.83 14 12 85.71
UBC848 CACACACACACACACAAGG 24 24 100.00 28 28 100.00
UBC866 CTCCTCCTCCTCCTCCTC 32 32 100.00 28 28 100.00
UBC884 ACTCGTACTAGAGAGAGAGAGAG 16 13 100.00 14 11 78.57
UBC887 AGTACGAGTTCTCTCTCTCTCTC 24 24 100.00 14 12 85.71
UBC888 CGTAGTCGTCACACACACACACA 24 22 91.67 21 19 90.48
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Fig.1 Amplification map of primer UBC841 on A. trifida populations in Xinghua Village, Xinyuan County, Xinjiang
1~16 FoRZEHE 16 MFEMAYSS ,M F% DNA marker DL2000,,
1-16 indicates the number of the 16 samples of the population, and M indicates DNA marker D1.2000.

22 BEMZHMNEEBHEESHEESHT
M2 ATLAE K 8 AN TR BEM) 2 8507 R
SEY{E N 98.68% , Hib 1.3 .5.6.7 F1 8 JEREZ
AR A 100% 5 V- I 55 FE P ECh 1.7788,
o 8 JERE I = 45 B Nei's e[ Z R 8 B
T 0.4016~0.4619 Z[A] , HAR b a3 55 47 2455 o Jk
REC 2 Ak it 5 — A 5 8 AN JE TE Y Shannon’s {7 B
TR 1 0.6194, 6 > ist 15 2 FEVESE 5 AY 25
R K FLAE Y R AKCOF b BAT 85 1 st A% 2 4

PE, =K 7 AR B 22500 05 R 5 (R
9&%%;Mnmw%m4EﬁLﬂwwm¥ﬂﬁﬁ
SN FE AR 1.7965, Horp 15 JE e, 13 SR i
/N 45 JE BE Nei' s Elzﬁ—@&lﬁ F0.4281 ~
0.4478 , HAR b e B 5545 250 45 v FE TR i AR b i 34—
B, 7 A JERER Shannon's 15 B8 ECEIE 40.6224
6 Mt e ZREM AR AR 1 LRI, =R KRR
Pk b HA A g ) st A% 2 R

x2 BEMZHMHBEEERH#HEESEESHT
Table 2 Analysis on genetic diversity of A. artemisiifolia and A. trifida populations
RRGS  SEGAN ZEMAIR  SOONAS Aacstopmy  os e Shamons
G Population Number of Polymorphic loci Number Effective number ZAHEAREL R
Species opuidl . . ymort . . Nei's genetic Shannon's
number polymorphic loci ratio/ % of alleles of alleles Lo . Lo
diversity index  information index
JHE 1 38 100.00 2.0000 1.8513 0.4562 0.6478
A. artemisiifolia 2 36 94.74 1.9474 1.7436 0.4080 0.5869
3 38 100.00 2.0000 1.7562 0.4250 0.6147
4 36 94.74 1.9474 1.7170 0.4016 0.5810
5 38 100.00 2.0000 1.7331 0.4149 0.6034
6 38 100.00 2.0000 1.7005 0.4282 0.6171
7 38 100.00 2.0000 1.8605 0.4590 0.6507
8 38 100.00 2.0000 1.8687 0.4619 0.6539
YJ{EH Mean value 38 98.68 1.9868 1.7788 0.4318 0.6194
YRk 38 100.00 2.0000 1.9219 0.4788 0.6716
Species level
=R IR 9 37 97.37 1.9737 1.7879 0.4281 0.6129
A. trifida 10 38 100.00 2.0000 1.7819 0.4308 0.6199
11 37 97.37 1.9737 1.8239 0.4422 0.6286
12 37 97.37 1.9737 1.7896 0.4301 0.6153
13 38 100.00 2.0000 1.7636 0.4285 0.6188
14 38 100.00 2.0000 1.7915 0.4362 0.6266
15 37 97.37 1.9737 1.8371 0.4478 0.6349
¥J{H Mean value 37.43 98.50 1.9800 1.7965 0.4348 0.6224
YK F 38 100.00 2.0000 1.8835 0.4670 0.6593

Species level
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23 BEM=ZHMBEERREHEES L

H 2 3 AT, KB st i Z 4 o 0.4788, I3
HEN LR ZREVESE(E 0.4319 ;8 AN ERERY L H 7>
LR HCH 0.0981, Ui B B Y AL 5 H19.81% i A8 S5 5k
B FREREE],90.19% KIS 5ok A F R B 56 1 i
Sk 4.5994 3% BH K R R ) 56 RO LA — 2 1 I

Sk, =2 KR SR ZREPE R 0.4670, JE B
N LD 2 RS- Y (8 0 0.4348 57 AN JE B A 36 IR 43
L RECH 0.0688 , 1 B 5t 1% 48 5+ TP A7 6.88% I A%
Sk A TEEEN,93.12% AR 3ok A T IR B ; 3%
R 46.7662 , 3% B = 4 JIK 5 fa () 3 [ 2L A
st

3 BHEM=ZZHMFER Nei's EE SHEST

Table 3 Nei's genetic diversity analysis of A. artemisiifolia and A. trifida

Yyl BB AR S e A Z2 R N R b HE R
Species Total genetic diversity Intra population diversity ~ Coefficient of gene differentiation ~ Estimating gene flow
WKYE A. artemisiifolia 0.4788+0.0005 0.4319+0.0013 0.0981 4.5994
=B K A, wrifida 0.4670+0.0012 0.4348+0.0016 0.0688 6.7662

2.4 UPGMA BZE4Nh

M 2 ATAN, RS RISHT I E—FUE A 0.89 ~
0.97, MRE Se M B K B IRAS Ja R P81 BH A
PR B HE R — 2, ) P8 RIS A LR m AR Pa 4
X S R TR — 3, R G B8 — S5 R ge
A SR AR B AOEON a1 3R O — 3 i
IR BB B b FR A B s R R B R AT SRR
JE BB AT IR S A h P e N E R o —3, Y
W ALRECH 0.91 B 432 2 41, SN BK B e
TR P81 PR PR R R )P KIS s A
WA FERE T PY 0 S 10 20 A T B DR SR 54T AR
SR T — 2 5 B ST U L R B S A
FE B I L A I & 2R R R R B
WPV e SRR R ) — 2, KRR G R S L i
B AR — 30, & T R AR 2 85y AL R

= AR e U L BT o R SR B R B
PR B VDI FERE R N — 3 10 T Dk B T DR DX s
FEFT SRR IR B A e B B M TR B SR o — 3 e
55 s U L P R AR A 37 i A SR Ry — 35 B s A
S0 5 R FE A AR s R I B A A TR AR S —
Yo UBEHIRECN 0.91 B, 7 ANERE N 2 4.
TR BB A JE R R ST U BV A AN SR ARk
— 2] 10T PR BH T P DX R R EL A
B A0 e HE BTSRRI IR Bk IR AR A S T B B R
5 B0 5 5 0 TR BRI S U LA AR TR R Sy —
H, =M RKRE RIS 5 iR I B 4 R — 2L
2 JE TR R B AR R (BT 2)
2.5 EEHEESHIEREENBEESHT

JR R T = e i JPAKCREC s ) 3 2 B2 5 4 oy b 3
BB A AH SR R A BT n & 3 BTN, KR A R

R Y=2E-0.5X+0.0692 , F| | SAS 3k F 247 1) AH
KA 43 B AT N AR OC R L R® = 0.4860 > 7105 (P =
0.001<0.05) . FKHL 45 J B ] (9 352 4% BE 55 5 M B R
BRI 58 A AE DG OC 2R S B ) A 25 18] 22 i 32 3]
PR OB B, = Ak KRR e g R
Y=-7.958X+1.895, FIl ] SAS B FiE A7 A9 AR 43
Hral 0 HAH 52 280 R* = 0.0694 <r s (P = 0.343>
0.05) . — 24 JPK R £ J5 B 0] 9 35t A% FE 25 5 1 B R
BT TC I AR DG OC R | B ) 178 356 IR 52 AN A7 b
PR 25 1 BRI

3 iTig

VAR ARAE ZE(1999) (P 1HSE (2000) 2R FH K-
IR Ve R B 5 L S 52 T 2R AL M X 43 A AN ) A= 25 20
BT 7 AR B BB 250, R T AR ALK
T AN JE B AR A S SRS 7.3% , KZ 4K
(92.7%) A8 SAFAE TR REPIR . XBAHAE(2011) i
ISSR 2 FHR I H AR5 T 5 4~ 159 e K o S 1 114 s
e R, OB LR S A 29.61% e A7 T JE )
1, E AN L AR S BAR R1Y 70.39% , AT E
(2012) Z5 0 FH ISSR AR X T A WK Jm kA 7 st A%
ZREVE BT, 67.37% Wit 15 78 5 ke A e R BE Y,
32.63% )it fL A8 53 K e e FR AR IE] AR BIF 5% % i
i DX = S R T A SRR L A S
R R RN, X 5 R g R 3k,

L ZREE TR, JCie e 2 SR R,
2 JE B AR AL B R, 2 DR AT Rk IR T
] — VSRR S T BOHL 35 A% A B E AF X A e 1 32 %L
JEIRL o e b DXV 35 A2 AEARLRE RN P8 | BN A
DAL AR i 1) K AT R SRR TV L 5
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Bozidun Village, Chabuchaer County, Xinjiang
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Yubu Village, Jinji County, Guangxi
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Yushi Kaipu Village, Xinyuan County, Xinjiang
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Halasik Village, Xinyuan County, Xinjiang
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Akqi Village, Xinyuan County, Xinjiang
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Shaha Village, Xinyuan County, Xinjiang
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Tiereke Awuzi Village, Xinyuan County, Xinjiang
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Shenhe District, Shenyang City, Liaoning
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Turgen Farm, Xinyuan County, Xinjiang
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Zeketai Village, Xinyuan County, Xinjiang
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Xinghua Village, Xinyuan County, Xinjiang

JR

A.artemisiifolia

—
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B2 BREMZRIHEE UPGMA BERER
Fig.2 UPGMA clustering results of A. artemisiifolia and A. trifida
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Fig.3 Regression analysis of genetic distance and geographical distance between A. artemisiifolia ( A)and A. trifida(B)

ASHITFE S B, it DX R = 2R 4% S
RERAI G, X — R TR th T KR A =2
KRS Ry —AF A REASAR ), LS S R A3 R A
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B T LA SN D 1 Bl fo A 2 30 PR L o S
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R M A TR R A, = 2R R S A A1 AT
XL/ B S KR A5 A e ) B A 2, T
RE A2 AL 35 1% I 2 0 b, JUL B A 0 3 M OGP, =
KR JC A SR — A E BN, R, 2
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