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Identification of lotus cultivars using DNA fingerprinting
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Abstract: DNA fingerprinting is a fast and accurate method for cultivar identification, which can over-
come the limitation of morphological traits. We used DNA fingerprinting to identify 72 lotus (Nelumbo) cul-
tivars collected from the Resources Garden of the Yuanmingyuan Park in Beijing. We used 1,409 samples of
N. nucifera and 58 samples of N. lutea as a genetic background reference. Fifteen out of 104 pairs of nucleus
microsatellite primers (nSSR) and 2 out of 17 pairs of chloroplast microsatellite primers (cpSSR), for a total
of 17 pairs of fluorescent primers, were selected as the barcode for fingerprint identification of the 72 lotus
cultivars. For the 15 nSSR primers, 94 alleles were examined (with an average of 6.27). Out of the 94 alleles,
11 belong to N. lutea, 65 belong to N. nucifera, and the remaining 18 alleles could not be identified. The
polymorphism information content (PIC) range between 0.3899 and 0.8023, with an average value of 0.5748.
For the two pairs of cpSSR primers, 13 haplotypes were examined. Among them, 9 haplotypes belong to N.
nucifera and 4 haplotypes belong to N. lutea. Results of identification of all 17 pairs of primer markers
showed that 19 cultivars included genes from N. lutea, and 8 cultivars had female parents from N. lutea.
There were 36 cultivars (using 12 pairs of primers) which had at least one unique genotype. With a minimum
of 8 pairs of primers, 68 cultivars could be distinguished. Among the 72 cultivars, four cultivars in two
groups could not be distinguished based on the whole set of 17 primers. Using the core primer combination
method, we developed specific DNA fingerprints for each of the 68 lotus cultivars. Based on the above re-
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sults, we recommended 15 pairs of primers including 13 pairs of nSSR and 2 pairs of cpSSR as the core bar-

code for lotus cultivar identification.

Key words: DNA fingerprint; microsatellites; Nelumbo; cultivar identification; molecular ID
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Table 1 Number of alleles, number of genotype, and polymorphic information content (PIC ) of 17 core SSR primers

519 724 SR 1,400 M A% 58Uy SRINTE  Fhin) L =4
Primer 72 lotus cultivars LAy 3 IR B At vy 3 R 8 o7 32 PR
SRR BB RPESA PIC  HN. luteali /> 1 5 A% Alleles number  Alleles number — Shared alleles
Alleles number Genotype  JL[K % Number in cultivars of in 1,409 samples in 58 samples  between
number Specific allele Nelumbo lutea of N. nucifera  of N. lutea species
number

SSR030™M™ 10 26 0 0.8023 0 15 2 0
SSR040M 12 24 2 0.7426 0 10 5 2
SSR064M 8 18 0 0.7199 4 15 1 0
SSR016M 9 18 1 0.6576 6 16 6 3
SSRogsM 5 10 0 0.6284 0 4 2 0
Nelumbo14® 6 12 0 0.6051 11 5 5 0
NS0348 8 14 1 0.6022 0 9 5 4
SSR067M 5 9 0 0.5846 6 2 0
SSR285M 7 12 3 0.5795 6 4 0
SSRO74M 7 9 0 0.5379 0 10 3 1
Nelumbo13® 4 6 1 0.5010 19 5 2 0
SSR472M 3 5 0 0.4575 12 3 1 0
SSR049M 3 4 0 0.4134 0 7 1 0
SSR4g2M 3 5 0 0.4003 0 4 5 0
SSR045M 4 7 0 0.3899 0 3 1 0
Lotus12t 10 10 0 - 8 16 3 0
Lotus17t 3 3 0 - 8 1 2 0

(L[4 FE S I SCiRk R, [1]-[4] are references of the primers. [1] Yang et al (2012); [2] Tian et al (2008); [3] Kubo et al (2009); [4] Xue et al
(2012).

-
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Fig. 1 The floral morphologies of 72 lotus cultivars used in this study

1. #i%17'5 Jian Xuan Shigihao’; 2. ¥TZ 4 Yimeng Song’; 3. £kUni Lvruyi’; 4. 4L Xiezhua Hong’; 5. = j‘Zhuoyue’; 6.
41 J€*Hong Chun’; 7. T-Jl¥3%*Qianban Lian’; 8. £I#%#k‘Hongyingtao’; 9. [477243% ‘Bai Shaoyao Lian’; 10. Zk%‘Antou
Chun’; 11. —3F“Yizhangging’; 12. H%E Baixianglian’; 13. ##E4C‘Huang Wu Fei’; 14. ¥K.0‘Bing Xin’; 15. BRUEHR Y
‘Zhufeng Cuiying’; 16. Hr£L‘Xin Hong’; 17. KiFi4% ‘Dasajin’; 18. "' H A& iH3%EZhong-ri Youyi Lian’; 19. /L3 Xin Jie’; 20. /&
J6‘Chenguang’; 21. 2754+ Xingkong Mudan’; 22. #EF#i% Zhizi Wanlian’; 23. #¥3TH‘Fen Qianye’; 24. H Hi‘Richu’; 25.
FIUKZE Suzhi Bing Zi’; 26. 2141+ Hong Mudan’; 27. 4% Gudai Lian’; 28. 25 /A3 ‘Baixue Gongzhu’; 29. 25 #E[H Zi
Chongyang’; 30. {18 % A\ ‘Boli Furen’; 31. ¥[E 75 Meiyuan Xiu Se’; 32. F}#5‘Dan He’; 33. & A& # Jinfeng Zhanchi’; 34.
FLAEYinghua'; 35. #AEH M ‘Xinghua Chunyu’; 36. H-4£ZHF Xixiaoyankai’; 37. 3% % [ ff ‘Puzhehei Baihe’; 38. Mik#&
‘Fenlou Chun’; 39. # % H: - “Jianxiang Zhuangshi’; 40. 7 2‘Xiwang’; 41. Z140 11 ‘Honglingjin’; 42. J} X & BH ‘Dangfeng
Chaoyang’; 43. /INifR‘Xiaosajin’; 44. ¥ 4177 ‘Puzhehei Honghe’; 45. 175 4¢ Die Lian Hua’; 46. /M R ‘Xiao Jingling’;
47. 4130 K ‘Hongbian Yudie’; 48. i 1.5 ‘Fojianxiao’; 49. %7 ‘Yingying’; 50. 7 H ‘Benyue’; 51. #3354 ‘Fenwalian’; 52. HE
25 \*Shui Meiren’; 53. %147 I8 *Donghu Xi Zhao’; 54. ¥;73% ‘Fen Qing Lian’; 55. £Li#H3% ‘Hongxianglian’; 56. i{c 3% Jifei
Lian’; 57. 54Utk Dian E Zhuang’; 58. MY Shuguang’; 59. #%34/E‘Lu Ban Chun’; 60. BkZL75 M ‘Tao Hong Su Yu’; 61. FHhk
‘Chun Tao’; 62. U Cai Die’; 63. /MifliF-Xiao Foshou’; 64. KHT‘Fei Hong’; 65. £I.#%‘Hong Lou’; 66. ;& ‘Fen Xia’; 67.
Z5Ek*Dan Xiugiu’; 68. 4£Xk/A“Chai Tou Feng’; 69. #1358 ¥E¥k‘Hong Zhan Tuo Zhu’; 70. “F1113€% ‘Pingshan Furong’; 71. H1li4L
£ “Zhongshan Hongtai’; 72. % & T-J*Zhizun Qianban’
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A IF FIDNAFE S

3 Tig
31 EmMEEERSRMERE

HI TR A P L&, o AEE Tz, ASE

R2  1TXISSREWL 5| AL B E 4Rho A
Table 2 Alleles encoded standard of 17 core SSR primers

Hb X 2 B 5K 2 (A A AT, PRI B ok R
AR Ao R O3 S P TR AT A9 9 K2R R
YR (DR A5 R o S 8 24N P /E T8 T (2115
Ma)Zr kb (Xue et al, 2012), {WAELEHFERE B, T4
FERRES, Z43CHE o W AL T A B A U A
FERNAIZ A B R AT 2 F Rl A2 R SRS Fh 7 o
WH, DEERSSMRIARAMN R AT
(R L9 1] 24 52 i Ffr o (B 53 2), ANA 64> 1 N Fl
[ 258N, HARLIN B AR AT A . (2)HE
R BT M N R SR, AUE D HCE AR
BIR, e K ZHCRA. Fln, T, 5R T
A2 6 8 — eSS e A AL . ANERES SEm T
RN E & 8RR, JE T IR E R AR AL T R 5
R4 b, HARKIGIR MEHAUE . AN T 1% 25817 3
NFEE AR B AS [R5 A 25 101,400 0 5 A= S 7
EMEMENEL T S 1, AR50 A ok e A1
Tl P AN [ 3k P 8 4% 40 53, M I SR A 7R AR R T
TR A A, AT SR 2% I SRR TR 5
YIfE NDNATR LU 260, nIAG 304 e BE R ORI
32 #IULIIMNERE=E

B TE A% 00 B D I R AR ) = B HE . i 3 )
R FaiEm. BRASES XS 28R
Jett AR B AE 2 512 MR E A EB (R A SR

519 4whY Code

Primer 1 2 3 4 5 6 7 8 9 0? 1 2
Lotus12 3747 375 379" 380 385 390 395 400 410 415

SSR040 205* 211 213" 215 217 223 225 229 231 233 235 237"
SSR030 130" 142 145 148 151 154 160 163 166 169

SSR016 190" 215 218 221 224 233 236 242 254"

SSR285 262 272 274 276 292 300" 316"

NS034 98 102 104 112 114 116 118 124*

Nelumbo14 147 149 151 153 171" 173"

SSR074 154 160 163 169 172 178 181

SSR049 233 245 248

SSR064 178" 187 190 193 199 202 205 208

SSR067 238 244 247 253 262"

SSR088 285 297 301 305" 309"

SSR482 172 200 203

Lotus17 231" 242 246"

Nelumbo13 142" 146 156* 160

SSR045 187" 211 214 217

SSR472 196" 223 229

* UK S B, TR BRI . RN AL RO 1210, A1 RIS S A

*Alleles from Nelumbo lutea; ™ Alleles from lotus cultivars. %indicates that the number should plus 10, e.g. 1 represents 11 (1+10=11).
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I F-85-95% 2 [ H, /INTF-85% 4 2 (X A SRl E
A, 2009) . (2)dh i B 1R E ARt . E ok FH20
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Appendix 2 Capillary electrophoresis profiles of ‘Qianbanlian’ at fluorescent marker locus SSR030 (a) and NS034 (b)
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Appendix 1 DNA fingerprint codes of 72 lotus cultivars

'S
Number

Tift B2 44

Germplasm name

DNAJR G4 S
DNA fingerprint code

1

© 00 N O g~ WN

A B DD D DB DD OWWWWWWWWWWNDNDRNDNDDNDNDNDNDNDDNDNDNIERRERERRPRRERREREPRPR P P
~N o OOl WN P O O 00 NO OB WNPEFP O © 00 N O O WN P O O 0~N O O W N P O

k1T Jian Xuan Shigihao

Ve Yimeng Song
ganE> Lvruyi

fi# N4> Xiezhua Hong
k> Zhuoyue

FAN =2 Hong Chun
THE Qianban Lian
AR Hongyingtao

HAT 2% Bai Shaoyao Lian
DS Antou Chun
—LFH Yizhangging

S Hipea Baixianglian

Big T Rl Huang Wu Fei
DRALa** Bing Xin

TRig 3> Zhufeng Cuiying
e Xin Hong
K Dasajin

rh H/ZiH%  Zhong-ri Youyi Lian
DiE* Xin Jie

R Chenguang

JEstawas Xingkong Mudan
HE T B Zhizi Wanlian
T Fen Qianye

H Richu

FIRIK Suzhi Bing Zi
AR Hong Mudan
HAE Gudai Lian
HEAE Baixue Gongzhu
HER Zi Chongyang

fHEFRA*  Boli Furen
Bl 75 £ Meiyuan Xiu Se

FHEY Dan He
A EM*  Jinfeng Zhanchi
b Yinghua

AW Xinghua Chunyu
BRI Xixiaoyankai
WHHE AR Puzhehei Baihe
W Fenlou Chun
2 Jianxiang Zhuangshi
il Xiwang

ZLA T ** Honglingjin
FHREAPH**  Dangfeng Chaoyang
AN Xiaosajin

WF BT Puzhehei Honghe
LU Die Lian Hua

K R * Xiao Jingling
ARV Hongbian Yudie

62522881118444411223422112222233
51933343315234612272313332242323
46936141756461411223512112121233
330°13461115234612483522113122233
42637583711261622263323222142222
42038881316331611443312122121223
74137331415334633242423132342223
41135343315224622663333222442323
56667443355336622664413222442233
53848341355234612443311122242323
57939473315244622222412222442222
97733481317336622564411122242233
35514181527451311221314113121213
38817181512351411113524113121212
32278481315251411223323123122212
52214441525251411123514112121213
42944371315224622252212122242223
52880461311236622482322122242322
42947441155461411223312112122212
10014331635221622552514111141212
52227891117244411222312112242233
52837481115334411443312112222223
52877441255334612463312122222222
52860443315344612243312222222322
52236441355344612263411122242223
52840341315226622243312122222322
98855444411226622662422222444422
50278441155236611452322112242222
52933441115236622243333112222323
59917133316261633142525222141412
52940341315224612243312122222323
08878223311236622882422222442222
65513181527441411223514112121213
59937342715351622223422222242312
50088441215334612462323122222322
42977481311334411462322122242222
49949371315224622552212122242223
40288341315234612562222122242322
62233481357444612223413122242233
32867381315354612443313123122223
32213361315244612283512123122213
32218463315236622883334223122222
42949371315224622252212122242223
42949471315224622252212122242223
52213131525251411113514112121213
52218441512341411243522112121322
52234481157342411263413112222233
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'S PR 4R DNATRZ Zmtd?

Number Germplasm name DNA fingerprint code

48 il L5 Fojianxiao 29178343311336622262423222343322
49 g * Yingying 52234881512331411243511112122212
50 #H Benyue 52978341315336622262223122242322
51 Wl 3 Fenwalian 52978441215334612462323122242322
52 HESE N Shui Meiren 59988341155344611243313112222322
53 Y RUEAG Donghu Xi Zhao 59178441111334611333323112222222
54 W Fen Qing Lian 82424891178344411223412112222233
55 2L Hongxianglian 82424881178344411223412112222233
56 0 i 5 Jifei Lian 82867281317222622242412122242223
57 R Dian E Zhuang 92233441311336622554411122442233
58 12t Shuguang 52138341355344411262312122242222
59 rE Lu Ban Chun 52138343355344612262312222442223
60 L FAR el S| Tao Hong Su Yu 59988441111336611443333112223322
61 Fk Chun Tao 59988442215336611443333222222322
62 Rk Cai Die 59988441255334611443333122222222
63 I Xiao Foshou 59988441211334611443333122223322
64 KT Fei Hong 49938341155116622462333112222222
65 AR Hong Lou 49938341155236622462333112222222
66 s Fen Xia 59988441215335712462323122222322
67 FHFER Dan Xiugiu 59988441115334611443333122222222
68 BELR Chai Tou Feng 69988441215334612462323122222322
69 R FETk Hong Zhan Tuo Zhu 59988441215334612462323122222322
70 RRIIEY Pingshan Furong 59988441215334612462323122222322
71 EIIEARE) Zhongshan Hongtai 44933663344334612222222222242233
72 BET Zhizun Qianban 44933663344334612222222222242233

*LF K H R BB &+ BER K RN EBETE R, "SRR SR R H0N 110, W1RR #1155 A 2 R mhid .

*Male parent was from Nelumbo lutea ; * * Female parent was from N. lutea. * 5|#)4mt%)i/7 Coding primers order: Lotus12, SSR040, SSR030,
SSR016, SSR285, NS034, Nelumbo14, SSR074, SSR049, SSR064, SSR067, SSR088, SSR482, Lotus17, Nelumbol13, SSR045, SSR472. ® The num-
ber should plus ten, e.g., 1 represents 11 (1+10=11) of alleles..
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Appendix 2 Capillary electrophoresis profiles of ‘Qianbanlian’ at fluorescent marker locus SSR030 (a) and NS034 (b)
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