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W OE.S5EEALLium tubi florum) FIRAE G 8% HE (A, nerini florum) 2 2 )8 (Allium L) R Y 46 8% & A a0 2%
T J2 AR A A AL 110 B PR3 At 2 AP 5 55 0 2 040 A A ) R IV TR A7 9 - vt 7 S 5 i g SR AR RS W . i F
FER G AR 16 A JEHE 154 SR TR S i lE 14 A FERE 133 DAMARSR FI ISSR 43 TR 10 » 2017 A 7] J JF 5 i B Al
KAEA WAL DNA K19 28 5 Ak - 4878 2 A B i et A% 224 MK S R AL 854 L BR0  BOAR AR B ) J e Jt 15 2 4
PEFIEAL L BE M . G5 R R (D2 DRBEEMPOK B E LR FEE . S WENZEAH A 2 R(PPB )
98.00% ,Nei’s LR ZFEEFE S (H) K 0. 264 8, Shannon ZFEM:E B (H,) K 0. 415 3; K& ¥t de PPB K
95.56%, H 24 0.253 9, H, Jy 0. 399 8 {H & R /K-35t 15 2 B MEBAR L 38045 20 A RGO 4300 2 0. 421 8 10,430 1,
AR ST AP 38. 95 V0 F 39. 1700 AR AR S EEATAE TIRBEN IR . (2) 45 3 AWE T 45 R FRT I 20 J 25 F 5%
BERE N B Bl A AT G w9 AR 1 E AL SR By ) 2 2% 58 A 2 A5 AL 5 G w8 AR A A 5 Bl 24 DA 25 54T TE 1 BT e IR
T 238 TN AT A S 1 B M R AR 0 A R B T B DR AR e 5 B 4 1 35 A% 8 S R 2 R AL i R O SR T e
RPBEEHNBE ST MEENELRR, ORECAHREKRT REBAAN T UPGMA B3 BIx . &t fHCHE
BRARAERN FOK T BB W R GO R GO IRIERE . DR IT I 3 D A 53 A7 B 5 X Juk M 1 L bk R AT 1 bk K
AR 3T My X AT 2 H AR P a0 A X, ELZ DX B gt 4% A% S e 5 RO g L L R LR AT L bk B 4B T DX T fE 2
Rl FIRAE 5 1l 1 o3 Ak b O R AL Z AR .
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Genetic Diversity of Plant Allium tubiflorum and Allium
neriniflorum Endemic to East Asia by ISSR Markers

LU Lidan, YANG Jingtian,LU Yan,ZHOU Songdong” , HE Xingjin
(Key Laboratory of Bio-Resources and Eco-Environment of Ministry of Education, College of Life Sciences, Sichuan University,

Chengdu 610064 ,China)

Abstract: Allium tubi florum and A. nerini florum (Allium L.) are two species whose perianth segments
were connated at base into a tube. As typical representatives of the East Asian endemic plants, they are the
ideal models to study the changes of temperate deciduous forest. Genetic diversity across 14 and 16 popula-
tions of A. tubi florum and A. nerini florum was analyzed using ISSR molecular markers. (1) At the species

level , total percentage of polymorphic loci (PPB) of A. tubi florum was 98. 00% ,Nei’s gene diversity (H)
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was 0. 264 8,and Shannon’s information index (H,) was 0. 415 3. For A. nerini florum. PPB, H and H,
were 95.56% ,0. 253 9 and 0. 399 8,respectively,little lower than the values of A. tubi florum. There were
lower genetic variations at population level. The coefficient of genetic differentiation (G, ) of the two spe-
cies were 0. 421 8 and 0. 430 1,and analysis of molecular variance (AMOVA) demonstrated that among
populations component accounted for 38. 95% and 39.17% of the total variation,and that most genetic di-
versity was present within population. (2) Combined the results of this study and previous cytology infor-
mation, hybridization and polyploidization may be the evolutionay driving force of A. tubiflorum and A.
nerini florum. Meanwhile, the two species had asexual reproduction with bulb,to overcome fertility decline
and lower number of individuals within population. Complex genetic background and diversity reproduction
might be an important factor leading significant genetic differentiation within population. (3) The previous
phylogenetic information and UPGMA analysis in this study showed A. tubi florum and A. nerini florum
were sister groups and had close genetic relationship. Overlap regions of the distributions of the two species
located between Taihang Mountains and Yan Mountains,and this regions may be their ancestor’s distribu-
tion. There were abundant genetic variations among populations in the overlap regions. For this reason, the

regions near Taihang Mountains and Yan Mountains might be the differentiated center and genetic diversity

center of the two species.

Key words: Endemic to East Asia;A. tubi florum;A. nerini florum ; ISSR ; genetic diversity

ZR I b X2 4 BRI A ) 2 M s 1 X
— B PUZL k] (2. 6 Ma,Ma= i J74F , &2 3048
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SRS RN 2R AR . L X —
DX ANy 2 0 i Y 7 T MR ) A 5 D 2 D A A
Bl A7 Ak I R f S R XE T A KR R R
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R BT A A AR ) b 3 2 b G e Y
P [A] I 2 A ) &R G SR A F 58 Y S . AR X
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Y)W AR R AR R AR TS S X R
fige P58 19 A2 1k B I AR BRI R G AR AR K
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)8 (Allium L) H P DARAE 2 B 3% L 17
BERE R IR A . Hod & 94 (Sect. Calos-
cordum) 22 JE MY — A FEER 0 28R AL A
TR AR S U AR I IR B 8. A AL 3 A Fp L, B
AW AE (Allium tubi florum Rendle) (15822 & ¥ dE
(A. inutile Makino) Fl & 45 & #% dE [ A. nerini flo-
rum (Herb. ) Baker. J#§ Hpfife b B H A, BIR
W X, AR Sy B AR S A T L K
AL DX 5 A Bl R A b AR R b SO AR L X
O3AT . W AN A AR R AL OF B3 A XA i
B AR AE S 2% W E AL 1) R A Sy 25 S 4 A
Py ity B RIARER & Wl AR RS B AR 2 ST A I Al
AU A X AR IV Wiz i A 7 bR A A T ) B AR A
B, {H H TR AT ST R A G 2 4% BB 5T IR

LT WEAAMEERRERRT,

AW 5% 38 H] ISSR 4y F et 38 5 43 7 A [+
JEREA AR FIK AR G i dE DNA JKF 1Y 22 5 43
A - 485 718 P B B 352 4% 20 HE R 7K1 R 312 25 4 L 4R 0
Fr B A 358 00 i 352 4% 22 R P R 3845 0 A6 1 52 0
DAY S fifp DR AR5 A b 28 % OC 28 TN i O A% A B A
i+ DT F 5 ) 5 DR AP SR o S IR AR S0 A5 A AR 4 ¢
P PR A A A .

1 BRI
L1 # #

BT R AWIFE KARAIL 5. A 2012 4F R IR AR
FEPCE 16 A JEHRE 154 DA KAEES #dE 14 4
JEHE 133 AN HEAS B 55 31X P A Bl e op R
B AL R D
1.2 DNA fZEU# PCR ¥ 1%

K AP A 240 DNA G & CRAR A= fb Bl 4
AR AL 50O $ B 5 DNAL. DNA A i H
0. 8 Y0 T I W V5 JEC A6 TN, 58 A0 43 56 o6 B 1 e 4 32 %
WL B B 2 40 ng/ L, —20 CHRAF. RALIEIRR N
20 pl, Hrp & 25 ng Btk DNA, 1 X PCR Buffer,
Mg®" 1.5 mmol/L,dNTPs 0. 2 mmol/L, 3] #0.5
pmol/L,1.0 U DNA Taq B4, 519 M UBC 2
9 £ 5 H i % (Invitrogne 2y &) &5 %) » PCR J2
FEFF N :94 °C 5 min BUEME;94 °C 45 s 1%, K&
B KR JE 51~57 C (45 $)iB k,72°C 1 min #E{f,
40 NEER 572 °C 10 min ZEf 54 CORAFE . §H Y
LI Marker DL2000 /€ N4 F & Hric . 754 Golden
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Table 1 Sources of the material
Py B R %73 B/ HE AR
Species Population code Locality Altitude/m Longitude/Latitud No. of samples
LJS [ H £ H 1l Laojunshan, He’ nan 2017 111°37'E.33°43'N 10
LYW B AT Longyuwan, He nan 1946 111°47'E,33°39'N 10
HX B P £ £ Huxian, Shaanxi 720 108°31'E,33°57'N 10
HS [P 42111 Huashan, Shaanxi 782 109°24'E,33°48'N 8
LB R R % Linbao, He nan 870 110°25'E,34°30'N 10
HR Jt 52 Huairou, Beijing 743 115°36'E.39°37'N 9
NWT PP i & Nanwutai, Shaanxi 507 109°33'E,33°42'N 10
Ak XTS Wil & 1l Xiantaishan, He nan 841 113°43'E,36°10'N 10
A. tubiflorum MJS H i & #1l Maijishan, Gansu 779 106°40'E,34°22'N 10
TBS B K 11l Taibaishan, Shaanxi 975 107°37'E, 34°03'N 10
CHS B #2411 Cuihuashan, Shaanxi 871 109°00'E,33°59'N 8
HJH Hilr# & Hujiahe, Gansu 934 106°02'E,33°43'N 10
GWDS WAL R % 1 Guwudangshan, Hebei 1399 113°57'E,36°57'N 10
LCM i S Longchiman, He’ nan 1996 112°00'E,33°42'N 10
LS WP il Lishan, Shanxi 860 114°07'E,35°55'N 10
SS YR % 1 Songshan, He’ nan 1033 113°02'E.34°30'N 9
DHS il 7 K21l Daheishan, Liaoning 280 121°46'E,39°20'N 10
YWLS LT EERE I Yiwulushan, Liaoning 318 121°42'E,41°36'N 10
CD 1% & Changdao,Shandong 223 116°17'E,38°44'N 10
IES T JLRE A7 11 Jieshishan, Hebei 533 119°08'E,39°45'N 10
BHS i 7 /\JE1lI Bahushan, Liaoning 233 123°12'E,42°30'N 10
DQG W55 k14 Daqinggou, Inner Mongolia 246 122°10'E,42°47'N 9
KA BSTG W57 1171 3k Baishitougou, Inner Mongolia 1181 111°27"E,40°47'N 10
A. nerini florum WYD N % 5 HE ] Wangyedian, Inner Mongolia 956 118°22'E,41°43'N 10
LMDZ B T 0 ) 7 Lamadianzi, Hei Longjiang 135 124°39"E,42°19'N 10
SFS Jt5 FJ5 1l Shangfangshan, Beijing 523 115°49'E,39°40'N 9
NH I A B P& Nanhuang, Shandong 278 116°12'E.38°55'N 9
JGS b4 181l Jinggeshan, Hebei 1176 115°44'E.41°00'N 10
DGS L F KA1 Dagushan, Liaoning 153 123°35'E,39°54'N 8
HTS Jb 5t 1 Haituoshan, Beijing 823 115°41'E,39°42'N 8

View(Biomed J& P4 AR A BR A & L L0 9 2203
WEEER PR YK, S vh iy 1 X TBE(pH 8.3), 100 V
15 B YK 1 h, 7EBEIR 18 & 4t {0 (Bio-Rad Gel Doc
XR-+imaging system) &,
1.3 H\|RAIEBSZKITHH

H VK T3 1 5 45 AR O — A TRl AR
Bty A G DL RO 51
T [) A 7% A0 B 357 1 A7 T, 4 38 2508 40 B L O 0 %
LM S B (n) . R POPGENE 1. 32 14 4%
LV Ty CRTE Py e e
(PPB) PR A i b i WS 45 A B B ONLD |
V- 38 B A A B A R AL FE P (NG W Nei s JEH 2
FEREFE #0 (H) . Shannon Z #EPEAE B850 (H,) L ¥
RER R Z R (HO R BENER Z R (HD) .

Jai B ] 38t 1 o A R (GO HE R (N FiT Nei” s
WAEHE (D) fistfE —80% (D . FH NTSYS-pe
2.1 RO R KT, WA Wl S KA S Bl AR R
PRIA] 3845 56 RIEAT 0 M. SR A AMOVA 1. 55 4y
TS A BT 43 B st AR 78 S TE SR A N O T )
(10 43 A1 A 0 5 38 A 8 Rt LB 2 ) 9 A DG
iZFl TEFPGA 1. 3 #4#4T Mantel #5574,

2 AR5

BEE B REMKTE
LG B 5 1% A7 0 ML EE S PR AF ) 6 > ISSR 5
W3 DOX G AR R K AES B JEFT PCR 788, F
WA G 8 17 500, s 19 fr BOK EEAE 100
~2 500 bp Z 8],

2.1
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AR 16 JafE 154 DAY T 100 9 BRI L ZHETE.

W AT A A RO R Hoth 2L 98 A, 4 PLRIRE 6 51 K A& # Ak 4T PCR 974,
(£ 3D WIR AR L AoAE 2868 H 53 A5 B 904~ I B AT 5 & 1A AL AL 86 A
K (PPB) 2y 98. 00, 8 i B W (N Ky F2 ISSR3|YFFIMRERNERE

1.419 0,Nei’s ZH Z M8 5 (H) 2l 0. 264 8, Table 2 Primers and optimal annealing temperature
Shannon ZFEPEFEE(H,) Ny 0. 415 3,38 DNA K 514 A3 fnﬁiﬁii N’E‘ﬁfﬁs
BEZ S F 5. & B PPB g 20. 00% ~ Primer SRS omperature/ T scored
64. 009 -2y g 49. 75% . - By 47 % % {3k UBCs8 (Awic L7 T
(N 1. 253 4,3 Nei’s 5[ 2 REHE5 5 CED Wy UBC836 (AG)8YA 53.6 19
015 1 St SRS LB W
0.234 9. 4% ZRUAMACT VIRACE o J5HE 138 1% 2 UBCS73 (GACA) 50.2 17
FEPEZE G AR, 8 By 82 1 (GWDS) (A UBC886 VDV(CT)7 50.9 17
CHR) 4 35 47 K 8 Job 7 15 08 . 38 1 2 BF Bk Y CTRAG

Fw L mEEE AL (MIS) e 2 (LCMD W AH . Note: Y=C/T:R=A/G.

R3 EHRESKESHIERHMERSEY

Table 3 Genetic diversity of A. tubi florum and A. nerini florum populations

——
s?jls Poﬁlﬁiﬁiodc n  PPB/% Na Ne H H
HS 55 53.00 1,530 040.5016 1241 1403079  0.152240.1737  0.238 30,255 1
HX 51 51.00 1.510 04£0.502 4 1.238 740.327 0 0.146 84+0.178 3 0.228 51+0.258 5
1B 16 46.00  1.460040.5009  1.28234+0.3689  0.163 640.2002 0,243 840, 287 4
LS 57 57.00  1.570040.4976  1.29049+0.3185  0.178 3401881  0.273 50,270 4
NWT 59 50.00 1590 040.4943  1.301540.3673  0.178 240.1936  0.272 6£0.273 6
L]S 53 53.00 1.530 0+£0.501 6 1.283 040.374 3 0.164 740.195 7 0.250 5+0.277 0
GWDS 64 6400  1.640040.4824  1.325040.3530  0.196440.1882  0.301 50,267 8
CHS 43 4300 1.430040.4976  1.199540.2993  0.124540.1712  0.193 740.251 9
N LCM 33 33.00 1.330 0£0.472 6 1.165 3+£0.302 1 0.099 640.166 5 0.153 3+0.243 0
A. tubi florum MJS 20 20,00 1.200 0£0. 402 0 1.092 3+0.227 2 0.057 740.131 5 0.090 040.196 3
ss 45 45.00 1450 040.500 0  1.204 240.2944  0.129 50,1681  0.203 040,249 1
HJH 44 44,00 1.440 00,498 9 1.202 0+0.300 1 0.126 9+0.168 9 0.198 7+0.249 4
TBS 57 57.00 1.570 0£0. 497 6 1.279 0£0.333 9 0.171 640.182 9 0.265340.264 5
HR 63 63.00 1.630 0£0.485 2 1.339 8+0. 361 6 0.202 740.193 3 0.308 0£0.2750
XTS 60 60.00  1.600040.4924  1.349440.3828  0.203040.201 6  0.304 80. 285 4
LYW 48 48.00  1.480040.5021  1.2565+0.3496  0.153040.1882  0.233 40.271 3
T Average 50.857 1 49.75 1.497 5 1.253 4 0.153 1 0.2349

YK F At species level 98 98. 00 1.980 0£0.140 7 1.419 0£0. 296 5

(=}

264 840.149 7

(=}

415 320.196 6

DQG 37 41.11 1,411 140.494 8 1.164 440.280 2 0.104 240.157 5 0.166 240.232 4

JSS 50 55. 56 1.555 6£0.499 7 1.247 7£0.318 5 0.154 8+0.175 7 0.242 940.255 1

JGS 56 62.22 1.622 2£0.487 5 1.297 7£0.351 1 0.180 420.185 8 0.279 510.263 8

LMDZ 49 54,44 1.544 4£0.500 8 1.303 0£0.347 8 0.182 420.192 2 0.276 440.278 3

BSTG 46 51.11 1.511 140.502 7 1.288 540.348 6 0.173 0+0.192 4 0.261 740.278 9

WYD 38 42.22 1.422 2£0.496 7 1.201 7£0.309 8 0.124 4£0.172 7 0.193 1+0.253 1

CD 37 41.11 1.411 1£0.494 8 1.217 7£0. 340 2 0.128 50.183 9 0.195 620. 265 0

KRk YWLS 37 41.11 1.4111£0.494 8 1.169 0£0.294 9 0.104 740.161 7 0.166 140.235 7
A. nerini florum HTS 57 63.33 1.633340.484 6 1.290 440.338 8 0.179 24+0.179 6 0.280 140.256 5
NH 46 51.11 1.511 1£0.502 7 1.262 9£0.3377 0.159 50.186 2 0.244 60.269 4

DGS 24 26. 67 1.266 740,444 7 1.112 140.239 0 0.071 820.138 5 0.114 020.208 3

SFS 52 57.78 1.577 840.496 7 1.295340.357 3 0.176 140.192 5 0.269 140.274 0

DHS 42 46.67 1.466 7£0.501 7 1.277 9£0.369 3 0.161 5+0.198 1 0.241 940.283 9

BHS 38 42.22 1.422 2£0.496 7 1.214 4£0.318 1 0.131 4% 0.176 9 0.202 3£0.259 4

F-H){H Average 43.5 48.33 1.483 3 1.238 8 0.145 1 0.223 8
YK At species level 86 . 955 6£0.207 2 . 401 6£0.303 5 0.253 940.154 8 0.399 840.203 9

©
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s, WRKE b K& 8 dE PPB Jy 95.56%,
N, H1.401 6,H %} 0.253 9, H, J 0.399 8, /K
T E M 2. K L PPB T
26.67%~63.33% . V- 48.33% ; H 2545 [l Ky
0.071 8~0.182 4,5F-¥% 0. 145 1; H, A5 kL35 Fl Ky
0.114 0~0.280 1,F#H 0. 223 8, % JEBE N ZHE
PESR T FhoKF . o, Rl 1 (HTS) L 42
1 (JGS)  EJ7 1 (SFS) BB A7 111 (JSS) 5L 348 v
&1k
2.2 FBENEESUSERR

G AR 16 DR RF RS ZHE 8 (H,) 0. 264 7,
JEREN AR Z A (H) Jy 0. 153 1,Nei”s HE K 731k
ZH(GON 0,421 8(F ) B 42. 18 Y 1728 B AEAE T
JE R Z I, 57, 8200 1y AL A8 S A TE TR BN
AMOVA /35725 S0 i om A8 § 3k 38, 95 % (P<<
0.001) , UL BH £ 38. 95/13’912%/*57;2%?}%%?2
i) ,61. 0524 (38t 1% A8 S AE 72 TR BE N (3R 5),
}Y5 POPGENE 73 #r 45 1 —3%¢, iﬁi‘%@%uﬂfﬁra
BAETEJEREN . FEDIR (N 0. 685 4,45 B 2
BAEBRTEEE /DT 1, 58 R SRR,
AN J2 DA BT 1 358 1 B A8 5 300 A A Ak

MEMGHERHSERZHEE (H) N

(P<C0.001) , [AlF¢ 32 W] B o4 09 382 4% 20 Ak K T 5 B
] . FEF (NG R 0. 662 4, JF& 22 8] 3 R 3 7K F-
WAL,

2.3 #EREBEHEMNEE—BEMBEESSHT

AR 16 AR B AT 2 6 B Y Nei s it f%
—F B (DG ETE 0. 760 2~0. 936 7, 5 1% 1 85 (D)
T FEIAE 0. 065 4~0. 274 2, & 1] °F ¥ 35t 1% B 25
0.151 6, [t F N 38t 4% A fL B K (R 6) . KAl G
B AR AT P JE B Y Nei”s 38t % — B0 (D 3 [ 7E
0.789 1~0.925 3, it f& & (D) JEHE7E 0. 077 6~
0.236 9, LM G P AR A B (K D,

XF 2 Rpdk 30 A4S JE #E#ETT UPGMA 264 #r
(DG 16 SR B4 ddE 14 S JE B
20 I T s v N O Wi B W T %
{HFES AL ISSR FRic 3% A 844 Ja B B 2 1)
BRHILZL ket Ao e MK G A B A F 5
g% A8 7

Mantel 4 56 8 7~ JE T (8] b 20 BE 25 A0 515 10 5
WH B EMAMHXH (S8 r=0.164 1, P =
0.719 4; KA 485k r=0.102 7,P=0. 632 2), {H
NS 1 2t B A A T B R AR Ak B P R
IR BERAE T — . (A7 a B R 4 P i IX

0.302 5, JH BN IER ZFERE (HO) A 0.176 3, Nei’s AL IR 5 M B IR 25 AH DG PE R/ R R B T LA
HEMMERB (GO N 0.430 1, FR Ny 39.17% WRE,
4 AHESESKESHERHESHMYE Nei’s 547
Table 4 Nei’s analysis of gene diversity in A. tubi florum and A. nerini florum populations
PFh Species H, H., Ga N
AW A tubi florum 0.264 740.022 4 0.153 140,008 0 0.4218 0.685 4
KM AL A nerini florum 0.254 740,024 0 0.145 140,007 4 0.430 1 0.662 4
YFhA] Among species 0.262 640.023 8 0.139 940.006 8 0.467 1 0.570 4

T He BEERZ AL Ho RN R Z R Go . MU R R N, R

Note: H,. Total gene diversity; H,. Gene diversity within population;G,. Coefficient of gene differentiation; Ny,. Gene flow. Ny, =0.5(1—Gy) /Gy

x5 GWESKES

#WAEH) AMOVA 5347

Table 5 Analysis of molecule variance (AMOVA) of A. tubi florum and A. nerini florum based on ISSR data

) AR
i 5 5K ESY T4y % BRYS ol
] b . Percentage of P
Species Source of variation Sum of squares Mean squares Variance component . )
total variance/ %
Ak J& B 6] Among popolations 1062.2615 70. 817 6.329 2 38.95 <0.001
A.tubiflorum Py Within popolation 1368.952 8 9.92 9.919 9 61.05 <0.001
KA JE#E ] Among popolations 782.152 5 60.166 5.445 5 39.17 <0.001
A.neriniflorum 24 Within popolation 1006.388 9 457 8. 457 60. 83 <0.001
T PR 7R O VLR B Y 28 55 R AR 3 3 A AU 230 2 0 ol 4 70 e R R A 2256 1 000 YR B A 31 ke 28 o A5 301

Note: P. Values are the probabilities of having a more extreme variance component than the observed values alone. Probabilities were calculated by 1 000 random

permutations of individuals across populations.
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Fig. 1 UPGMA dendrogram of A. tubi florum and A.
nerini florum
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