FALE 4 AR AR XK ZZER (B AB2EMO Vol. 41 No. 4
201344 H Journal of Northwest A&.F University(Nat. Sci. Ed.) Apr. 2013

XA 2% H R BsF ] 0 2013-03-27  15:49
W 2% Y B dE - http: //www. enki. net/kems/detail/61. 1390. S. 20130327. 1549. 014. html

i S A ISSR #RIE A #7

MEFLE 4 WL B AL IER

(LRI R 2 b2 IR AR 45000252 97 K0 i vl Je 4 2 2 T MO BB R )Ry T 1 M 4511000

[ ZE1 [AKY HIR L (Nelumbo nuci fera Gaertn, ) %5 (1) 1815 22 M 36 5 ¢ 2L 0 17 48 98 R 19 4 3 1)
FH bRl S R F AR R S % . [ kY B ISSR 43 FARiC £ AR Xt 6 £ BF A= 2 BF A fif 46 56 2 R 27 5 faf 4E
e HE S RN AT AT Z BT N 40 Z T IR R Y I SORBAF R S &SI TR . R POPGENS2 3 {4315
HET AL R 1 25431 R B0 (Na) A 8% %6 60 FE P8 (Ne) \ Nei” s 328 £ B2 (He) fl Shannon £ 25 P45 B8 50D, # H
UPGMA J5 kA7 A 0. (45 R A Y 5 2514 (UBC807 ,UBC811,UBC836,UBC840,UBC880) 435l X 33
Oy faf A6 41 B FE U240 DNA GEATH 0 L g 3 Y 54 R0 M 400 o 238 M40 25 4%, 2B M4 HL il 46. 3%, i
FI51% UBC811,UBC840 Fl UBC880 1y 15 4§ S AL £l T 33 fy faf 46 1) DNA 5 SC L% 33 864 1041 & 7 7T LUK
33 R ALBE BB — X 43 TT . 33 MR AL BT IR Ne 24 1,276 6, He 24 0.192 0,1 2y 0. 323 7, H 1 A4z 2 B A= i 52 19 2% 300
SHEUEPARTRIE M. A UPGMA Sl i fif £ 5T IR 432 4 25, 6 D EF AR EFAE i 48 i RIAESS T 6.3
A e SRR RN R A 13 A E R R A SR RS 1] SR R R A R TS 1 SR HERIAE 11 2R AL 2B IR AR IV
KR AR 1AF0 2 A E R D48 K 33 M ff AL R IR 19 848 2R KBk, R85 AL oK L 77 46 W1 U 1)
BRG KRR GBI EAR G, R EF R M S P EER R MRS RBOE., SR X 42 F & iy 1
PR R IR A SR R AL 2R R R AR,

[XIR] 74k ISSR; % Z M1

[(hESES] S682.320.2 [xtrERD] A [xEHS] 1671-9387(2013)04-0139-08

ISSR markers based on genetic diversity analysis of
Nelumbo nucifera Gaertn.
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Abstract: [Objective) The research was conducted to explore the genetic diversity and phylogenetic re-
lationship of Nelumbo nuci fera Gaertn. and improve protection and utilization of the lotus accessions, culti-
var identification and breeding efficiency. [Method] The DNA polymorphism of 6 wild and semi-wild lotus
stains and 27 lotus cultivars were analyzed using inter-simple sequence repeat (ISSR) markers. 5 out of the
40 primers subjected to screening were used. By POPGEN32, the average values of alleles, effective number
of alleles,the average Nei’s gene diversity and the average Shannon’s information index were analyzed.
The cluster analysis was conducted by UPGMA (unweighted pair group method with arithmetic average).
[Result] Using 5 selected primers (UBC807, UBC811, UBC836, UBC840, and UBC880),54 DNA bands
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were amplified, of which 46. 3% were polymorphic. Based on the 15 polymorphic loci from the primers
UBC811,UBC840,and UBC880, the ISSR fingerprints were constructed and the 33 lotus accessions were
separated. The average value of effective number of alleles,Nei’s gene diversity and Shannon’s information
index were 1. 276 6,0.192 0 and 0. 323 7,respectively. The indexes of the 6 lotus strains were lower than
those of cultivars. The 33 lotus accessions were divided into four groups by UPGMA. The 6 lotus strains
belonged to the first group and the second group included the 3 cultivars of Sino-American hybrids species
constitution and the 13 cultivars of Chinese lotus species constitution. The rhizome cultivars and the flower
cultivars belonged to the first and second group.,respectively. [Conclusion)] The tested 33 lotus accessions
exhibited a low level of genetic diversity, which may result from their asexual mode of reproduction, surviv-
al environment and the studied accessions. The genetic relationship of lotus accessions is related to their ge-
ographic distribution. Sino-American hybrids species constitution and Chinese lotus species constitution are
genetically close. It is the important work of lotus genetic diversity protection to strengthen investigation

and protection of the lotus resources around China.

Key words: Nelumbo nuci fera Gaertn. ; ISSR;genetic diversity
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Table 1 The 6 wild and semi-wild lotus strains used in this study
G e e Al 1E KU i 4 BHE
Number Plant type Petal type Petal color Origin Name Longitude,latitude
1 fi 53 i HE RSN S s N34°34'51. 70"
Rhizome Semidouble White Lingbao Dinghuwan Dinghuwan E110°36'20. 84"
5 fi B 2 T SKC) R J H N34°43'13. 35"
Rhizome Semidouble White Lingbao Houdi Houdi E110°55'59. 46"
3 i ERES REEE =T K W PN N34°47'19. 10"
’ Rhizome Semidouble Lavender Sanmenxia Tian’ehu Tian’ehu E111°08'25. 77"
4 i 3] RE A ALK R ML oK N34°40'27. 00"
Rhizome Unipetalous Lavender Minquan Lingi Shuiku Lingi Shuiku E115°18'50. 40"
5 e Gig 3 R A BN AR R e R INTRAE R R N34°31'59. 39"
’ Rhizome Double Lavender Yucheng Xiaoqiaoji Heilongtan  Xiaoqiaoji Heilongtan E116°11'05. 39"
6 FoE TR M B30 /N T AR R T INFR BRI N34°31'59. 34"
Rhizome Semidouble White Yucheng Xiaoqiaoji Tankeng Xiaogiaoji Tankeng E116°11'04. 61"
R2 AFEFEAMHHEXER
Table 2 The 27 lotus cultivars used in this study
45 i i 44 1EBY AR iR i 24 e il
Number Name Petal type Petal color Number Name Petal type Petal color
1 N 3735 P He - A= o 2
Small 3735 Unipetalous White i Chutianxiangyun Unipetalous Versicolor
5 KEFE P EREN 16 EP N O RLLEE
Changbaiou Semidouble White Antouchun Semidouble Orchid
5 PN F Gig ] M 17 LULETS 3] M
Tiangaoyundan Double White Yemingzhu Unipetalous White
4 T R T SRt 18 R L IR A R LA
Dicuilian Semidouble White Cuiweixizhao Double Lavender
! ok e B b A o (1o
’ Lubanchun Double Lavender Xiaobilian Double White
6 SEi) 2 H 20 TR A A RERE M
Bai’e Unipetalous White Saifozuo Double Lavender
7 WA 2 2 91 R ek HEA REHA
Dielianhua Semidouble Versicolor Luhuanong Double Lavender
3 e iy RLLE A, 99 HE R pigul
Xiaoyan Double Orchid Huangli Semidouble Yellow
9 P AL AL T e 23 5 E Gig 3] B
Zuilihua Semidouble White Ziyulian Double Purple
10 i 2 HE R 94 HEME A REREM
Lixia Semidouble Lavender Luoxiayingxue Double Lavender
11 I S5 55 %% Gig i IRLLEE 95 e 45 BEAR Gig i RELA
Lizhifangzi Double Orchid ; Jiaorongzuibei Double Lavender
12 P E f&] Gig SREA 26 IIMEF R SRl
Dandingyuge Double White Xiaozhizi Semidouble White
EFn i H FRA . RELEA
1 27 A Doubl
3 Baiyizhanshi Unipetalous White Shuangchenyue A Double Lavender
y W R 5
Fengqinglian Unipetalous Versicolor

TE:BRIRS 1.2 oSt A AL s BR 4 5 4.7.22 B P (SRR AN EEAD R 40 AL X J o [E AN AR 2 5 1.2 A U5 o T R BT AR . 3~ 6

A T Al R 2 Al L A ok 11 R U AR WA A

Note:No. 1,2 are rhizome cultivars,the others are flower cultivars; No. 4,7,22 belong to Sino-American hybrids species constitution, the

others belong to Chinese lotus species constitution. No. 1,2 are from Henan Xinzheng,3—6 are from Forestry Station of Henan Agri-

cultural University,the others are from Wuhan Botanical Garden of East Lake.
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DN LA T AR TR AT BR AN m) AR 77 A L 40
ol e th Y B BORBF R S &SI T
PCR $"# . PCR ¥ 3§ S i SR B 20 pL: 5% 10X
buffer 2. 0 pL (f Mg" ), 4 nmol dNTPs (0. 2
mmol/L),10 pmol 5|4 (0.5 pmol/L),1.0 U Tagq
DNA B4 .60 ng & DNA, A 4 H G 3 7K #b
. PHFR)T N 94 CHIAEYE 5 min; 94 CAEE 30
$+45~60 “C Gl 1 il £ A6 J PCR i 1 18 Bl B ) 1B
K 30 5,72 CHEfR 90 5,30 ANIFFR; 72 C FEfh 7
min,4 CIE-%F .

1.4 FBFEYeNREESRT SR
P22 10 g/ L BUNR M B BE Pl DK A6 DU, A2

Alpha Imager RIEERE AR 70 A AL 48 BR DR A B
PR . X ISSR 458 7 9y v 3 i i) 7 i 5 P 2 ik
rid sk M RER A & B A IC R 1, e R 0,
AT —0” Zon g ¥R M FE . R Hl POPGEN32 %k
1 5855 3 35 BB (Na) A5 28055 1 35 B (Ne)
Nei’s 3K Z £ B (He) fil Shannon £ &M 15 B 18
(D, it NTsys2. 10e #Afd 1 Qualitative da-
ta fil SAHN Clustering, T35 25 {1k 1004 B} ] 1 46 10
PE R R UPGMA J5 i i 47 R I 4007 » 3k A5 ]
Ko Rk E .

2 AR5

2.1 S|¥fFiERK ISSR ¥ g

FH T BE H 00 255 T 0 S A PR A L 2 A ESR Y 5
514 3 33 03 faf 46 A1 RL#E 4T PCR 473,
H 2% 3 AT UL. DA 33 {3 i A ey 3G iy 54 S5, L
th 2P 25 S PR IY R 5.0 K&
A& 2K B 46.3% . 5 &5l
() UBC811 4" 14y ISSR K% WA 1,

F3 SKISSRIIWFINRE PCRY EHEXER

Table 3 List of 5 ISSR primers and polymorphic bands obtained in this study
214 751 B K/ C b1 S B EZ N e 308 LMK B/ %
Pri Sequence Annealing Total amplified Number of Percentage of
rumer (5'—>3" temperature bands polymorphic bands polymorphic bands
UBC807 (AG)sT 51 7 2 28.6
UBC811 (GA)sC 50 13 7 53.8
UBC836 (AG)s YA 54 12 8 66.7
UBC840 (GA)sYT 51 7 4 57.1
UBC880 (GGAGA); 49 15 4 26.7
it Total 54 25 46. 3
o) S
= e
s s
= 1234567 89101112= 13 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
2000 bp—p [

1000 bp—p L8
750 bp—p L2 2R

500 bp — [t

250 bp—p

- -

- -

.———-—-.--——-;--—-::-‘i;----—- -
- -

- —

1 51% UBC811 Xt 33 {5 fHisfif £ 61 #H ISSR 4 1 &1 3%
ISSR profiles amplified by primer UBC811 for the 33 tested lotus cultivars(strains)

Fig. 1

2.2 33 TafEMALM DNA BB REETR
S

ISSR ¥ #4285 L 7R, A FH 22— 51 9 0F A g i

33 A Ao AE 5 B fE B X 4 IF L {228 UBCSIL,

UBC840 #1 UBC880 3 M5 ¥H Ay 15 /4 5 47
SHLE R AT AR B A b e AT 2 — X ).
FIX 15 ANHE S PR s 22 il 1 33 134y £ BE R R
DNA $5 40 &3 S5 R WL3 4.
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Table 4 DNA fingerprints of the 33 tested lotus cultivars(strains)

Z &AL Loci

g
Y5 UBCS811 UBC840 UBC880
Number
850 bp 710 bp 590 bp 460 bp 329 bp 283 bp 235 bp 1 235 bp875 bp 691 bp 210 bp 1 105 bp 1 000 bp 438 bp 406 bp

1 1 0 1 0 0 0 0 1 0 0 1 0 0 0 0
2 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0
3 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
5 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0
7 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0
8 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0
9 0 0 1 0 1 1 1 1 0 1 0 0 0 0 0
10 0 0 0 0 0 0 0 1 1 1 0 0 1 1 0
11 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
12 1 0 0 1 0 0 0 1 1 1 0 0 0 0 0
13 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0
14 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1
15 1 0 1 0 1 0 0 0 0 1 0 1 0 0 0
16 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1
17 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0
18 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0
19 0 0 0 0 1 0 0 0 0 1 1 0 1 0 1
20 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0
21 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0
22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
23 1 1 1 0 1 0 0 0 0 1 0 0 0 0 0
24 1 1 1 0 1 1 1 0 0 1 1 0 0 0 0
25 1 1 0 0 1 0 0 1 0 1 0 0 0 0 0
26 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0
27 0 0 0 0 1 0 0 0 0 1 0 0 1 1 1
28 1 0 0 1 1 0 0 0 0 1 0 1 0 0 0
29 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0
30 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0
31 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0
32 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0
33 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0
I POPGENS2 #1fF, XF3X 15 AN Re S 1 A7 5 REEAFTER R 22 5, Nei's JE P Z0F 8 e KA K

F1R) 5 o7 356 DR B A RS A 5 PR B Nel 7 s FE R 2 1R
A1 Shannon £ & M 15 B 48 b 4705 . it
T P A 2 B A T R s A R S A OO L K R R
2 4l HoR s 1 Al 6 AN TR A TR Y AR B A
AR ER 2 A A 27 AR B SRR TS R a3k
5FiR. 5 F£M,33 i LTI Ne M1, 276 6,
He 7 0.192 0,1 3k 0.323 7, 41t 103815 2 R0

0.454 2,8 /IME~0.059 7;Shannon Z &1 B35
B KAE M 0. 646 6, 8:/ME M 0. 137 4, %5 1 21 6
AT g B AR R B AR R B Na Ne He F1 1 4351 R
1.266 7,1.221 4,0.120 3,0. 171 4; M58 2 & 27 4
R R 0 R 28U 43 1 R 2,000 0,1, 289 8,
0.200 8,0. 338 3; A ULUF A= 2 B A i R (19 45 T 2 4K
(B IR T Rk 5

x5 33 /H,\ii\iﬁTEnuW(?—f‘:)ﬂ@iaﬁgﬁ'riﬁ#ﬁ

Table 5 Genetic diversity estimates of the 33 tested lotus cultivars(strains)by ISSR analysis

21 %] Groups Na

Ne He I

6 /TP A K B2 i
6 wild and semi-wild strains
27 A EE S AP 27 cultivars
MK Total

1.266 7+0.457 7

2.000 0£0. 000 0
2.000 0£0. 000 0

1.221 440.3857

1.289 8+0.256 2
1.276 64+0.248 0

0.120 3£0.207 4 0.171 4£0.295 0

0.200 8£0.131 3
0.192 0£0.137 4

0.3383£0.169 7
0.3237£0.182 1
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A7 AL S A CGRO B AL R B 0. 272 7~1.000 0,
ML HE RS R 0. 616 I, 0 LI 33 (p Mk R 4 K
e H B T RBFALES 6 AW AR R M A far K B R RN
T EE BT A BN R A 8 AN R, 33 1 kL

(8 MREEY RS [ KM A P sk
S5 11 S TF 6 455 T A2 2 R AE LY 3 R P e e
ol Fof 2 G R 13 A Ji o [ AR b PR 4R O AE
HEAE OO A IR S 0 5 I SRR A
FRG 1 AR s 2 IV IR A 65 K R IR AR Gl &

T8 2 A~ dh Bl

&l 2 L ISSR 43 M1k} 33 473 i 46 i Al CRO K 2 19 SR S AR I
Fig. 2 UPGMA dendrogram of the 33 tested lotus cultivars(strains) based on ISSR markers
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Rt el n g Wik St EE.

MR BT a5 BT LLE ik iy 6 A BF 4R
TP s RIE R — 2K, AR EMWNE S5 R %5
Hufaf 76 R /N4 BOR TR 5 /N T SRR B AT AR S R
I 1) 5 28 35 S 25 VI, 2% B 3 26 fip 46 5 2R I 1) 352 £ G
F5 HORAE M B AR BE B VIA G . R — A
Tt B4 far 46 DR s A7 B 26 R AE SR 25 5, &
T B ) Y R R N T et A T A SR A [
() AR SR G B VTR i AR 43 L L AR Y A L 215
R ANEONILTRG i EA I G Wi N U R : A I U & i 3 A
HE TR LLE SR R A — AR i B A R I Y
o A T 2R B R AE TR — 43 S b, U B[R] — i 2 43 A X

A7 4B dh B 2 I AL AE I S R RAR LA
BT I B N R X B R A B
AT L0 R bn R FE . REET R LR, 3 A
L SE Pl Bl AR P R | RN AR At v R
AR b Bl SR A — R UE I HE AL 5 R D 5 1 ) — 4
F L SR ARl AR o G L AR S T L AR R R
Pl b e L5 LA 5 R 19 388 % BE B B0 . Chen 450
WFFTHE L G AR I Bl 2R AN BE A S A 57 1) 2 B
137 PR DAy 23 38l 4 82 A 20 B P SR ST A ) 38 A% ) T
FO A1 R RE X 26 B 51 7 A7 2610 i N T8l A AR ik
FdBPRREANGMER ., R FMEMET M
— A EE RSP R A A AR 2 R R N
SEAMEAR B AN O B A Bl ALK EYg 33 A fif ££ 4l Bl
22 RO I i o ] 24 S TE B

Py ol 1) 182 1% 22 R P2 A A7 R i Al B4 4R
fifi o AL SRR 7 BT A A AR AT T
RN =S 5 N U o7 S - B R NE A o) A B
W™ K B A A 46 B A 6 RS B H 4™ T A BEIA
FEAR MR AL B IR TR A T A6 A9 1 L {5 R
Xk B A i A 7 I8 M AR 2 R 8 P 0 T B R R
i 22 B ) T B RS B e AR TR A
KB AD LURITAT (o] £ 0 T7  BUAE 2 AN AP AE
T AR EE AR KWW R T =T
e T R 55 L BH P B 5K R P By — b e AR T8I T . H R
AN Bk B9 1/10, PR ke 1o i 5 oxk 3] g 25 /1
167 A6 5T IR LA A i Bl B 3 A 5 LR BUB B 3 A
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[ 5% 30k ]
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