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Abstract: Genomic DNA of 42 lotus cultivars ( Nelumbo spp.) were amplified by SSR marker technique,
on the basis, UPGMA cluster analysis, population structure analysis and principal coordinate analysis
(PCoA) of cultivars tested were carried out. The results show that 77 loci are amplified from genomic
DNA of 42 lotus cultivars by 17 pairs of SSR primers, percentage of polymorphic locus is 88.31% . Each
pair of SSR primer can amplify 1 -9 polymorphic loci. According to Nei’ s genetic distance, 42 lotus
cultivars tested can be divided into two groups, i.e. I and Il , which contain 3 and 39 cultivars,
respectively. At Nei’s genetic distance of 0. 150, group II is further divided into three subgroups, i. e.
Ta, Tb and Il ¢ , which contain 3, 16 and 20 cultivars, respectively. The result of population
structure analysis shows that when component probability is above or equal to 0. 80, 42 lotus cultivars
tested can be divided into three subpopulations, i. e. Popl, Pop2 and mixed population, which contain
17, 16 and 9 cultivars, respectively. The result of PCoA analysis shows that on F1 level, 42 lotus
cultivars tested are divided into two parts. In which, cultivars of Popl subpopulation all distribute in the
second and the third quadrants, while those of Pop2 subpopulation distribute in the first and the fourth
quadrants. Overall, results of cluster analysis, population structure analysis and PCoA analysis are
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basically identical. The comprehensive analysis result shows that I group contains American lotus (N.
lutea Pers.) cultivar * Aijiangnan’, and its relationship with traditional Chinese lotus ( N. nucifera
Gaertn.) cultivars is the farthest, so the group is considered to be American lotus. II group is Chinese
lotus, in which, II ¢ subgroup is mainly traditional Chinese lotus cultivars, while II'b subgroup is lean to
American lotus. In general, 42 lotus cultivars tested are mainly divided into two groups of Chinese lotus
and American lotus, while Sino-American hybrid lotus has not became into an independent group, the

reason needs to be further researched.

Key words: lotus cultivars ( Nelumbo spp.) ; SSR marker; genetic diversity; UPGMA cluster analysis;
population structure analysis; principal coordinate analysis (PCoA)
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Table 1 Name and main morphological characteristics of 42 lotus cultivars ( Nelumbo spp.) tested

1.3 #HiEAEMSGitai
HR4E SSR 47 314 45 SR ARAS S5 67 FE PR 1 AH S B g, %o

T 05 S SR 2 S SO B

JFE mEY GIESY BrRAY A i)
No. Cultivar’ Germ line? Plant type Petal form Flower color

1 H K T Yilianggianban C KA Large T Thousands of petals 2144 Red

2 41 3£ Hongtailian C KA Large T Double petals 215 Red

3 B3 Junjie 13 C il Large FH¥ Double petals 21 Red

4 T Xinziye C /NS Medium-small FIR Double petals 218 Red

5 HLHE 13 Zhuoyue 13 C H1/hFE Medium-small F I Double petals 214 Red

6 2127458 13 Hongxianzhi 13 C /N Medium-small /DIt Few petals 210 Red

7 AT Xingdianhonglian C A Large /LE Few petals 21 Red

8 P E 4T - E% Zhongguohong-Yan’ an C KH Large 2-H ¥ Semidouble petals 21{% Red

9 HE LT -5 2% Zhongguohong-Jiaxing C KA Large /DI Few petals 214 Red

10 AlEES Hongjuzi C it Large DI Few petals 21 Red

11 4Bz K #R Jinlinghuodu C KA Large /DI Few petals 215 Red

12 N-1 = # KA Large /DI Few petals 2144 Red

13 N-2 * # KA Large /DI Few petals 214 Red

14 FARz 1 Hongtongshuai C il Large FH¥ Double petals 21 Red

15 N-3 = # KH Large T Double petals 21{% Red

16 IS Sitongshuai C KA Large FJE Double petals 214 Red

17 XK Shenghuo C sl Large ¥ Double petals 210 Red

18 N-4 * # A Large H ¥ Double petals 21 Red

19 N-5 = # KH Large I Double petals # 4 Pink
20 HEEER Wuligingshen C KA Large FJE Double petals #i€8 Pink
21 LA i Jinlingniishen C KA Large HIF Double petals wAn Orange
22 P2 & Yaochizhichen C Pt Large D Few petals F534, Pink
23 KSR Fenjingling C H1/hFE Medium-small /DI Few petals #r 8 Pink
24 Fith 2 = Yaochizhiyun C KA Large T Double petals #r Pink
25 AR TE 13 Fozuolian 13 C sl Large FH¥ Double petals #ra Pink
26 A& 13 Fengbao 13 C KH Large T Double petals B Pink
27 KPR Dasajin C KA Large FJE Double petals H 4 Versicolor
28 i 3% A Limeiren C F1/N 8 Medium-small /DiE Few petals A4 Versicolor
29 e Z & Yaochizhixing C KA Large DI Few petals 9, White
30 1§%) Hunsha C il Large /i Few petals {4, White
31 EEF4E Yuxianzhi H KA Large /DI Few petals 4 White
32 Jeckideniecy Danbanjinxia H sl Large /DiE Few petals A Versicolor
33 Fr4135 13 Fenxianzhi 13 H H1/h8 Medium-small /LE Few petals A4 Versicolor
34 Ki# 13 Jingcai 13 H /NS Medium-small T Double petals {5 Versicolor
35 Z1J& Hongchun H H1/hF Medium-small I Double petals H 4 Versicolor
36 (R Junyulian H H1/NE Medium-small ¥ Double petals % 8 Versicolor
37 £ B%H Jinlingchangxiang H KH Large FI Double petals & 4 Versicolor
38 4 XUEL Jinfenghuang H H1/hF Medium-small HJ Double petals A Yellow
39 N-6 * # KA Large T Double petals A Yellow
40 4R AR Jinlingningcui H KA Large /DI Few petals W Yellow
41 HA T Jinyiwei H KA Large /DI Few petals T Yellow
42 SCITES Aijiangnan A H1/hFE Medium-small /DI Few petals T Yellow

D s R & HHTAHAN New cultivars unnamed.
2 ¢, HEE Chinese lotus (N. nucifera Gaertn.) ; #; A1 Unknown; H; H 322323 Sino-American hybrid lotus; A; Y% American lotus (V.
lutea Pers.).
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Table 2 Sequence and annealing temperature of 17 pairs of primers used for SSR analysis of 42 lotus cultivars ( Nelumbo spp.)
2|y G BIYF5(5'—3")  Primer sequence (5'—3") SB IR EE/C
Primer code EF514 Forward primer JZ 61714 Reverse primer Annealing temperature
SSR028 CATTTTGAAGTTTGGGGACAAAAG GACACTAGGCCCAAAGTAGAGGGT 57
SSR041 GGCAAGGAAGATCTAGCGGTAACT CATGCATGAATCTTGGAAGTCTTG 58
SSR061 AAAGACCAATGAGAAGTGGGATGA TCTCGATGTAGCATTAGAACACCG 58
SSR072 ATTTTCGAATCTCCCTCCCATACT GAACAACAAAAAGAATGAGGATCTATTG 58
SSRO78 GACTAATGAAACAGGGGTTAGGGC TCTCCAATCTCCCAACGACTCTTA 60
SSRO79 TGAATGTGAAAAGAAAAAGTCGCA TGTACTACTTTCCTCGAAGACGGC 55
SSR098 TAGACCAGGCTAGGATGGGGTAG AGTTAATGACATCTGCAGGGTGGT 60
SSR110 GCCAGCTACACCTTTTGATCTCAG TTCCCATTCTCAGTCCAGGTATGT 60
SSR155 GGGAGACTTGTTTTAAAGCCCCTA AAATTGATGGCCCATTCTGACTTA 57
SSR236 CGATTTAACAAAATGGAAAACCGA TAGTGGAGTAGAGAAGTAGCGGCG 55
SSR257 AGATGGTCCCTACCATTAACCGAT GAGTTTTGCTTGGAGGGATAACCT 60
SSR301 TAGAAAGAGGAAAGAGGGGAGGTG GAAAAGAGGGATTTAATGGGGATG 58
SSR346 GGCGAGAATTGAAGAAGAAATCTG AGAGCAGCCCAAGAATGTTTGAT 58
SSR355 TTGGATTGAGTAAATGAGGGGAAA AGAAACTTCCTCAGGTTTCAAGCA 57
SSR362 TAGTTATGGCCTTATGGGGAACCT AAGGTTTCTGTTTGGGGACCTTTA 58
SSR460 CAAGTGAAGACACCGAAGAGGATT TATGGAAGCCATAAGAAAATCCGA 57
SSR489 CCACTCGATTTGTGTTTGTGTTGT AAGGTTGAGAGGAAGGGAAAATTG 58

AT, R HE A “PPL= (N/T) x100% " i
AT B 2B R, Hoh PPL Y
LBV BRGNS REXT S | W h 1 () 22 s
BT MR B G AT R

HTF Nei’ s L B K H PowerMarker V3. 25
A AR 42 A7 A8 PP RS UPGMA RZEE
F STRUCTURE V2.2 #{4#E 47 56 T 10 A B i B {4
SEFAMITY S FIH XLSTAT 2014 #4: #E4T 32 AR A7 4
BT (PCoA) , I —4EE

2 g RFH

2.1 T EmME SSR i8R oM
R H A 17 XF SSR 5195 i3k 42 A~ 1€
S AP SE N ZH DNA BEFT SSR 734 K2 i, 9 14 45 5 I
%3,
M3 AT LLE W17 X535 77 A 5
(BPEEA LR ) b 68 AN 2 MENL AL, 2 EL A
HHH 88.31% ; FXF 51 vl e th 3 ~9 s,
SRR G Y AL SR 4.5 A X S AT
1 ~9 DNZBEALLL PR EX G YTy 1 4.0
NEZBVENLRL, BXEIY IR BERKE2Z R,
514 SSRO78 Fl1 SSRO79 '3 th i | Bt BE 343, 7
N 148 ~ 174 1 134 ~ 148 bp; 1fi 514 SSR155 Hl

SSR236 43 1 1 v Bt BE A4 | 43 31 oy 285 ~ 301
F1276 ~320 bp,

£3 02 AEEAFMERFLE DNA B SSR igg RY
Table 3  SSR amplification results of genomic DNA of 42 lotus
cultivars ( Nelumbo spp.)"

P i
Ig)rli#fiﬁc:de T N PPL/% Figfijzﬁtjnbgﬁh
SSR028 8 8 100. 00 180-216
SSR041 4 4 100. 00 214-232
SSR061 2 1 50.00 158-166
SSR072 9 9 100. 00 210-244
SSRO78 7 7 100. 00 148-174
SSR0O79 5 4 80.00 134-148
SSR098 7 7 100. 00 203-249
SSR110 4 4 100. 00 161-191
SSR155 3 2 66.67 285-301
SSR236 3 2 66.67 276-320
SSR257 3 2 66.67 176-214
SSR301 4 3 75.00 197-223
SSR346 4 3 75.00 173-225
SSR355 4 4 100. 00 266-284
SSR362 4 3 75.00 174-184
SSR460 3 2 66. 67 211-239
SSR489 3 3 100. 00 160-172
B3t Total 71 68

SFHIE Average 4.5 4.0

D, 7 85 S8 Total number of loci; N: 22 2547 &3 Number of
polymorphic loci; PPL; &ML 1 43 % Percentage of polymorphic

loci.
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1: HE T Yilianggianban; 2 ; £L 53 Hongtailian; 3; R 13 Junjie 13 4 H FK Xinziye; 5: 5. 13 Zhuoyue 13; 6. £L£748 13 Hongxianzhi 13 ;
7. B Xingdianhonglian; 8 H1E £ -4E% Zhongguohong-Yan’ an; 9 H1[E LI -5 2% Zhongguohong-Jiaxing; 10 £I 5 F Hongjuzi; 11; 4:f k&R
Jinlinghuodu; 12: N-1; 13; N-2; 14 ZL4:0l Hongtongshuai; 15; N-3; 16 {IGEII Sitongshuai; 17; 35K Shenghuo; 18: N-4; 19; N-5; 20, fiL il
THIR Wuligingshen; 21 B4 Jinlingniishen; 22 : ¥E#iZ R Yaochizhichen; 23: ¥} R Fenjingling; 24 : FEMZ 2 Yaochizhiyun; 25 A3 13
Fozuolian 13; 26 X & 13 Fengbao 135 27 S Dasajin; 28 Wi 3 A Limeiren; 29 BEihZ 2 Yaochizhixing; 30 52> Hunsha; 31. E£F38
Yuxianzhi; 32; MREEEE Danbanjinxia; 33 #Y£F48 13 Fenxianzhi 13 34 ¥ 13 Jingeai 13; 35 £1/8& Hongchun; 36 RHE Junyulian; 37 . 4%
148 Jinlingchangxiang; 38 : 4 XU Jinfenghuang; 39: N-6; 40 4:BHEAR Jinlingningeui; 41 #3410 Jinyiwei; 42: VIR Aijiangnan.

El1 BT SSRRIZH 42 M EEAETME UPGMA 3 HE
Fig. 1 UPGMA dendrogram of 42 lotus cultivars ( Nelumbo spp.) based on SSR markers
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LB ) hIEAASE M 2 A K An 4 BT
A 3 A4,
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1.00
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N o %
= S S

kg
Component probability
S
S

I 2 BRI MR 0] LU . L AR i T
T 0. 80 B, HE Y 42 A far 46 /i B 853 B Popl |
Pop2 FHRARE 3 AMMERE, Hrp, Popl WHEIA 17 4
R ATr IR S Sl W <3V B AT N I M R S aB
Bl 7 A G SRR R 1A R A 24T R Pop2 WA
A 16 Nt s A, A5 12 4 b = AP 3 A Ay
BT B RS T G A SR (R ) s H AR
5 AT EES A 2 AT SR R0 TE SRR I 2 SR 44
B AR

5 UPGMA A& AR L, T 4100 23815 16
AR (3 AN | I a W40 33, 339% B 46 b (12
1A AD) K M b W2H 0 81.25% FYfr 46 & A (13 4>
Fl) J& T Popl WEAE; b WA 6. 25% Y1y A€ & il
(AL 1A FR) K 1 e W2 75. 00% ) far £E i F (20
AN F) JE T Pop2 WA ITa WAL H 66. 67% i 46
ph AR (2 AR ) TTh WA 12.50% Y faf 4E f Fb
(2 AR Je e 2R 25. 00% FIFTAE Sl (5 4S5
Pl B FIRAHE,

0.00%-

4142 33 5 3140 32 7 34 8 3525 37 26 28 13 212920 23 3 3030 15 12 16 10 14 2227 © 4 1117 1 2 36 24 19 6 38 I8
fFh TS No. of cultivars

1: ‘HE T Yilianggianban; 2: £153% Hongtailian; 3: R/ 13 Junjie 13; 4 H# FX Xinziye; 5: 5L 13 Zhuoyue 13 ; 6; 214748 13 Hongxianzhi 13 ;
7. R Xingdianhonglian; 8. MEZL-HE% Zhongguohong-Yan’ an; 9 H1EZ[-5%2% Zhongguohong-Jiaxing; 10: £LE F Hongjuzi; 11: 4B K
Jinlinghuodu; 12: N=1; 13; N-2; 14 £ZL4:0ll Hongtongshuai; 15: N-3; 16 {UZEII Sitongshuai; 17 35K Shenghuo; 18: N-4; 19: N-5; 20 fif
TER Wuliqingshen; 21 ARl Jinlingniishen; 22 B2 JR Yaochizhichen; 23 #345R Fenjingling; 24 . PEHZ = Yaochizhiyun; 25 2R3 13
Fozuolian 135 26 XZ& 13 Fengbao 13; 27 KiFi#il Dasajin; 28 Wi 3% A Limeiren; 29: P& Z 2 Yaochizhixing; 30: %) Hunsha; 31. F4F45
Yuxianzhi; 32 BIRE Danbanjinxia; 33: ¥3£F48 13 Fenxianzhi 13; 34 ; B 13 Jingcai 13 35 18 Hongchun; 36 1R 163 Junyulian; 37 8%
g AE Jinlingchangxiang; 38 : 4 RUEL Jinfenghuang; 39: N-6; 40 LBt Jinlingningcui; 41: AT Jinyiwei; 42 BN Aijiangnan.

2 L AEEAMEEEEAER

Fig. 2 Population structure model of 42 lotus cultivars ( Nelumbo spp.)

2.4 HHAEERMEELIRS AR, XA ) b B B 3 e A AE 22 S o R T

I XLSTAT 2014 B A ER A 42 47 48 &
B SSR Aric st B s E 17 3 AR BR 93BT (PCoA ) , 45 R
LI 3,

I 3 W LLE L 7E F1 K b iy 42 A
AESRFPBE 53 B 2 ANER 53, 5 RS AL 43 B 1) 45 R

Popl VR it Bl 24 o3 AT AR 55 RS =201, i Jg T
Pop2 MERE I i Bl 0 23 A5 A2 55 — PSS DU B, JF H,
F1L I F2 7KOF E s A% 28 S o 38 LU AR, 43 ) o A2
SRR 11.62% 1 8. 45% , 22 I A3 A 3k 26 g 4L i
M2 BER R
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1. H R T Yilianggianban; 2 £ {33% Hongtailian; 3; 275 13 Junjie 13; 4. i T Xinziye; 5: HLj% 13 Zhuoyue 13; 6: ZL£F45 13 Hongxianzhi 13 ;
7. BFLI Xingdianhonglian; 8 "4 -4E% Zhongguohong-Yan’ an; 9. "1 [E 4T -5 2% Zhongguohong-Jiaxing; 10: £1E.F Hongjuzi; 11 4xk K#p
Jinlinghuodu 12: N=1; 13; N-2; 14 ZL4:0l Hongtongshuai; 15; N-3; 16 IGEII Sitongshuai; 17: 35K Shenghuo; 18: N-4; 19; N-5;20. fLlE
THIR Wuligingshen; 21 4B 4 Jinlingniishen; 22 : ¥E#iZ R Yaochizhichen; 23: ¥4 R Fenjingling; 24 : FEMiZ 2 Yaochizhiyun; 25 #hAA3E 13
Fozuolian 13; 26 : X% 13 Fengbao 13; 27: Kili#§ Dasajin; 28: MiJE A Limeiren; 29: FEHZ 2 Yaochizhixing; 30: 5% Hunsha; 31. E£F45
Yuxianzhi; 32 ; HARHEE Danbanjinxia; 33 : #4745 13 Fenxianzhi 13; 34 K5# 13 Jingeai 13; 35 £LJ§ Hongchun; 36 fRMi3% Junyulian; 37 &k
%48 Jinlingchangxiang; 38 : 4x XU Jinfenghuang; 39: N-6; 40 4:BFHER Jinlingningeui; 41 #34K T0 Jinyiwei; 42 ;. VLR Aijiangnan.

B3 42 N @A ERIRS T (PCoA) M 48 S E

Fig. 3 Two-dimensional scatter figure of principal coordinate analysis ( PCoA) on 42 lotus cultivars ( Nelumbo spp.)

3 itk fesE ik

X AEA R REAR s Z MR AR EZ 1
WEFEHRIE , (HAR A5 oY 45 SR A B I8 25 5% . FIIH ISSR
FTAFLP 2 ARG W 1 7% Ff 46 3 A 22 28 MK - 3 B qIR
(37.6% ~55.8% )" T Yang %" F| ] SSR %
AR P A fap 48 A [ 5 2E 4 B4 R S BF 5 445 S 0] 3% B
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