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Abstract; The genetic diversity and genetic relationship of 32 Lilium spp. cultivars of Lilium Asiatica
Hybrids (A), Lilium longiflorum Thunb. and L. Asiatica Hybrids (LA), Lilium Oriental Hybrids (O) ,
and L. Oriental Hybrids and Lilium Trumpet Hybrids ( OT) were studied by using SRAP molecular
marker, and the DNA fingerprinting was constructed. The results show that 177 clear polymorphic bands
are amplified with selected 17 pairs of polymorphic primers, and 10.4 polymorphic bands are amplified
with each pair of primers on average ; the average of polymorphism information content index of 17 pairs of
primers is 0.330 6, and the average of Nei’s gene diversity index is 0.424 9. The genetic similarity
coefficients among 32 Lilium spp. cultivars are 0.356—-0.836, and the average is 0.561. The cluster
analysis result shows that at the genetic similarity coefficient of 0.578, 32 Lilium spp. cultivars can be
divided into two groups: group I contains 15 cultivars of A and LA Lilium spp. hybrids, and group II
contains 17 cultivars of O and OT Lilium spp. hybrids; at the genetic similarity coefficient of 0.633,
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group I can be further divided into three subgroups, and group II can be further divided into two
subgroups, in which, ‘Friso’ is clustered into one group individually, indicating that ‘ Friso’ has
relative far genetic relationships with the other test O and OT Lilium spp. hybrids. The PCR amplification
result shows that primer ME11-EMS8 can totally distinguish 32 Lilium spp. cultivars, and the DNA
fingerprinting of 32 Lilium spp. cultivars is constructed based on 18 clear polymorphic bands amplified
with this primer (the DNA fragment lengths are 75, 110, 126, 146, 158, 170, 176, 187, 197, 216,
217, 238, 257, 277, 293, 304, 359, and 410 bp respectively) , and the confidence probability of the
fingerprinting reaches 99.99%. It is suggested that the constructed DNA fingerprinting based on primer
ME11-EMS8 has good accuracy on identifying Lilium spp. cultivars, and can be used in identification of
Lilium spp. cultivar resources; in the future breeding of new Lilium spp. cultivars, ‘Friso’ can be used

as a special parent material to increase genetic differences among new cultivars.

Key words: Lilium spp.; cultivar; SRAP molecular marker; genetic diversity; DNA fingerprinting
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JI B IR B I 5 32 AR L A AR MR & O R
T R OB E A R TR DNA R SRR
BUAHICHGE . 22Tt AW 5EFIH] SRAP 43 FHRid s
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1.1 #r#

BECE SR ER I A VLT84 R BH LT B A A R
A BT ST AT PR, 249k i ALY
Aamfh, Bl 32 MEEmMRA 4 MM R S
‘Tiny Moon’ | ‘ Tiny Rocket’ . * Tiny Padhye’ . ‘ Tiny
Bee’ | ‘ Tiny Ghost’ # ¢ Yellow Pearl’ 6 /~3E M H &
(Lilium Asiatica Hybrids ) Z%F 22 (A) B i FF; ¢ Sweet
Valley’ | “ Dynamix’ | ‘ Mingo Orange’ | ‘ Summer Sky’ |
‘ Summer Snow’ . ‘ Sweet Sugar’ | ‘ Eyeliner’ | ‘ Acumen’
H1¢ Mistery Dream’ 9 ™84 H & ( Lilium longiflorum
Thunb.) 5 E YA A 44 F0 R (LA) 094 ¢ Siberia” |
¢ After Eight’ | ¢ Sunny
Martinique’ . ‘ Lotus Wonder’ | ‘ Lsabella’ | * Snowboard ’ |
‘Monica’ A1 ¢ Aisha’ 10 ™% 57 & & ( Lilium Oriental
Hybrids) % f 2 (0) 19 & F'; © White Eyes’ | ¢ Exotic
Sun’ ,‘Conca D’ or’ | ‘Palazzo’ . ‘ Zambesi’ . ¢ Robina’ Fll
‘Friso’ 7 ™A A S S5W WU E 4 (Lilium Trumpet
Hybrids ) Z4Fl & (OT) & Fl, T 2021 4F 9 4 32
AT B i AR TR RO R A I A ST A 5 [ 4R
10 J | SRARAE T I RS 77 A0 1 30 A0 AR R 00 ) B
B EAIR 5~ 8 Bk BEMOREE 3~ 5 Mo A, B T 4R
P IE AR A TR VR, BT -80 CUKFIRAE A H .
1.2 FiE
1.2.1 DNA &% ZHICEK[18], RAT R
CTAB 420U E &2 K41 DNA, FJH NanoDrop One
R O RETTH (FEBR R B (P ED AR
w] ) A DNA B iR BE R 4l B2 AR S R L RS B
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100 ng « pL™", & T-20 CUKARAE .
1.2.2 SRAP-PCR R A2 5B #, k4!  SRAP-PCR
RRBARBTR 20.0 pL, f24F 10XPCR Buffer 2.0 pl.,
2.5 nmol + pL”" dNTPs 1.8 wL 10 nmol - WL ™" 1E [ F1Z
M54 1.0 wL.5 U - pL™' TagDNA B4 0.2 pl.,
100 ng - wL™'#i4% DNA 1.0 wL 1 ddH,0 13.0 pL, FF
FHEGRE B AR TR (RGE) AFRA ], PCR Y
TR F N 94 °C TiARVE 5 min; 94 °C 7284 1 min 35 °C
ZPE 1 min 72 CZEH 1 min, 3£ 5 PMEFF ;94 °C AP
1 min. 50 CE Y 1 min 72 °C ZEfH 1 min, 3£ 35 ME
¥y 72 CHEMH 10 min, P Y)T 4 COAF .

PCR 3445005 , FH BT AR R 53 50 8% AR AR PR 2R
PR Tk Y B8 e ( PAGE ) #EATHLIK 3 85, A By 1XTBE
GZ 0P PCR 938 W nAE L 5.0 wL, SFESS RS
TE 240 V 1EJE F H K 90 min, H 3k 45 o FH 4R G
P Yeta, IR A R A R O SR
1.2.3 314k SRAP IF [a FIS A 51 9 51 5 IR
F LAY RATAYTRLE) BROBARARS
B, T RIATE B S 0FEh im5 2 0 53 XF 2840k
KLAFE SRAP 5147 ARH I i — 2L T e A 5] 17
X514,
1.3 HIELESHT

AT AN G 47 448 S5ty 1 I 2 S AL s AT 4

F1 17335 751E SRAP 3| i 45 R
Table 1 Amplification results of 17 pairs of polymorphic SRAP primer
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PSSR A 4 AR N A TE S TR 20 o FRid 45 I 1l 44
JrEN skt -9 38 5 Be R/ I ME11 -EM8 -
1107 2”514 ME11-EMS 7£ Lk [ 3% - DNA K/h
110 bpkbdr 34 1 2 80 ity . IR T 1A 15 21 4
XFG IR0 “ 17 48 4 K4, F 1 EXCEL 2016 K
ok, IR gt 2 AV A B, RE B S T R,
2 A b A $E SRS 58 A R R (P) TR
K P=172", X n £”1%Z SRAP 519 1 1) £
EOY - i G

FIH Quantity One A58 22 A7 A AR/
FIH POWERMARKER Ver.3.25 #4315 Nei’s & [H
ZREAEAREON 2 25 VEAE B & mE 48 80, FIH] NTSYS pe
Ver.2.10e HCHA 3155 AN [R] 5 ol ) 1) 382 4% A0 0L 3R 55, OF:
KA UPGMA ik AT R Hr .

2RI
2.1 SRAP tRESEMEST

BER(GR ) BoR TR 17 X 2B,
SEPHEI 177 SV 2 AR AR . 17 XF S 1Y

5| Y4 51H1F51(5'—3")  Primer sequence (5'—3") AN > 52 Nei’s 3K ZREMEFE 5L ZAMERERIEH
No. of Number of Nei’s gene Polymorphism information
primer IEI 5% Forward primer  JZ[75]%) Reverse primer polymorphic band diversity index content index
ME4-EM5 TGAGTCCAAACCGGACC  GACTGCGTACGAATTAAC 14 0.377 8 0.301 6
ME3-EM2 TGAGTCCAAACCGGAAT  GACTGCGTACGAATTTGC 10 0.401 4 0.317 8
ME3-EM1 TGAGTCCAAACCGGAAT  GACTGCGTACGAATTAAT 10 0.382 2 0.303 4
ME6-EM1 TGAGTCCAAACCGGTAG ~ GACTGCGTACGAATTAAT 13 0.454 2 0.348 4
MEI-EM3 TGAGTCCAAACCGGATA  GACTGCGTACGAATTGAC 10 0.427 1 0.330 1
ME5-EM1 TGAGTCCAAACCGGAAG  GACTGCGTACGAATTAAT 11 0.447 6 0.346 7
ME3-EM12  TGAGTCCAAACCGGAAT  GACTGCGTACGAATTGTC 8 0.448 0 0.347 1
ME6-EM4 TGAGTCCAAACCGGTAG  GACTGCGTACGAATTTGA 11 0.418 6 0.324 1
ME6-EM11  TGAGTCCAAACCGGTAG  GACTGCGTACGAATTTCG 8 0.453 6 0.349 8
ME7-EM5 TGAGTCCAAACCGGTTG ~ GACTGCGTACGAATTAAC 5 0.440 6 0.342 1
ME7-EM8 TGAGTCCAAACCGGTTG ~ GACTGCGTACGAATTAGC 10 0.429 9 0.334 6
ME10-EM3  TGAGTCCAAACCGGATG  GACTGCGTACGAATTGAC 11 0.475 6 0.362 3
MEI0-EM10 TGAGTCCAAACCGGATG  GACTGCGTACGAATTTAG 13 0.433 4 0.3359
ME11-EM8  TGAGTCCAAACCGGACA  GACTGCGTACGAATTAGC 18 0.447 6 0.344 8
MEI2-EM1 ~ TGAGTCCAAACCGGGAT  GACTGCGTACGAATTAAT 8 0.366 8 0.286 4
MEI2-EM4  TGAGTCCAAACCGGGAT  GACTGCGTACGAATTTGA 0.441 2 0.342 5
ME12-EM12 TGAGTCCAAACCGGGAT  GACTGCGTACGAATTGTC 10 0.377 9 0.302 9
HIE Average 10.4 0.424 9 0.330 6
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Table 2 Genetic similarity coefficients of 32 Lilium spp. cultivars'!

HRIRE(FE2) o 450 IR AN E A R a] 3 14
FL R KL (GS) M 0.356 ~0.836, “F-341{E M 0.561, H
i, ¢ Tiny Bee’ 5 ¢ Sunny Azores’ [0 B9 GS {H /)N,
‘Palazzo’ 5 ‘ Robina’ [] /) GS (K, 6 NN EHE
FeFP R (A) FFPIRIAY GS {0 0.554~0.735, F-X{H N
0.638;9 MM T A5 W A Z2Fh & (LA) §h Fha)
1 GS fE R 0.608 ~0.753, " F-H4{H K 0.674;510 7R 5
HEZFZR(0) MiFPEIH GS H M 0.593~0.808 , F-1
fH40.709;7 MARF HEEWINE S ZF R (OT) i
FRIE Y GS {8 0.545~0.836, -3 4 0.675,
REEER(E 1) o 78 GS {2l 0.578 4b,
R2AEHAMBAI N 2 NSRBI T B 15 45

AN [R) S ] B3 A AL ZR 2L Genetic similarity coefficient among different cultivars

i
Cultivar 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16

1 1.000

2 0.701  1.000

3 0.627 0.590 1.000

4 0.633 0.616 0.681 1.000

5 0.638 0.633 0554 0.610 1.000

6 0.684 0.735 0.608 0.633 0.627 1.000

7 0.633 0.605 0.608 0.548 0.565 0.667 1.000

8 0.667 0.627 0.584 0.661 0.633 0.667 0.650 1.000

9 0.605 0.633 0572 0.610 0.571 0.684 0.712 0.644 1.000

10 0.633 0.621 0613 0.639 0.608 0.657 0.627 0.663 0.645 1.000
1 0.661 0.610 0.584 0.633 0.616 0.650 0.689 0.701 0.695 0.669 1.000
12 0.627 0599 0.608 0.644 0.582 0.559 0.667 0.644 0.695 0.651 0.695 1.000
13 0.606 0.653 0.654 0.612 0.600 0.694 0.724 0.665 0.706 0.704 0.712 0.753 1.000

14 0.627 0599 0.627 0.633 0.661 0.605 0.701 0.644 0.684 0.608 0.661 0.695 0.653 1.000
15 0.576  0.605 0.584 0.627 0.644 0.633 0.627 0.695 0.633 0.639 0.689 0.644 0.647 0.746 1.000

16 03890 0.413 0430 0443 0419 0.425 0473 0413 0401 0442 0377 0467 0438 0413 0413  1.000
17 0429 0.401 0440 0412 0396 0.441 0.424 0435 0396 0410 0.418 0.407 0388 0373 0.401 0.689
18 0.396 0390 0.416 0.356 0.463 0362 0.446 0446 0384 0.416 0418 0429 0.400 0407 0.424 0.725
19 0412 0.418 0452 0384 0469 0.412 0441 0452 0379 0.458 0.435 0458 0424 0401 0.441 0.731
20 0429 0.435 0422 0424 0520 0.429 0458 0503 0452 0470 0.475 0441 0382 0486 0.492 0.755
21 0497 0.424 0512 0458 0475 0.418 0469 0514 0452 0500 0.497 0.486 0429 0441 0.458 0.689
2 0.480 0.452 0.458 0429 0514 0.424 0463 0531 0.446 0.494 0514 0469 0.441 0458 0.463 0.593
23 0497 0.412 0506 0492 0497 0.463 0.525 0.559 0486 0.506 0.509 0.486 0.435 0.520 0.492 0.653
24 0396 0.456 0.430 0391 0.468 0.462 0515 0473 0450 0.506 0.426 0.444 0426 0450 0.420 0.667
25 0412 0.429 0500 0441 0469 0.446 0.475 0.509 0424 0.524 0469 0469 0.441 0.424 0452 0.677
26 0.463 0.424 0.494 0480 0497 0.463 0.514 0.525 0.463 0.500 0.520 0.497 0.465 0.486 0.480 0.689
27 0482 0470 0542 0464 0434 0512 0560 0500 0476 0.542 0.500 0.500 0.541 0.506 0.476 0.647
28 0486 0.480 0434 0469 0429 0.463 0503 0503 0463 0.458 0.486 0486 0482 0475 0.469 0.635
29 0.486 0.492 0.458 0.458 0.509 0520 0.458 0458 0475 0518 0418 0475 0.447 0.463 0.446 0.647
30 0512 0.458 0490 0476 0482 0.494 0512 0536 0476 0.439 0.488 0500 0.484 0.518 0.524 0.673
31 0.480 0.486 0.470 0486 0.537 0.480 0.463 0.475 0.446 0482 0.435 0537 0465 0.514 0.509 0.599
kY 0.521 0509 0.539 0491 0.539 0.485 0.449 0509 0.467 0487 0.473 0.485 0494 0491 0.467 0.548
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£iR2 Table 2 ( Continued)

R ASTR] S FPIA] A5 fE AL B2 %L Genetic similarity coefficient among different cultivars

Cultivar 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
17 1.000

18 0.706  1.000

19 0.655 0.746  1.000

20 0.672 0.740 0.791 1.000

21 0.684 0.706 0.723 0.763 1.000

22 0.667 0.689 0.706 0.712 0.757 1.000

23 0.661 0.638 0.655 0.706 0.808 0.746 1.000

24 0.681 0.645 0.675 0.728 0.728 0.734 0.716 1.000

25 0.689 0.678 0.740 0.735 0.780 0.718 0.757 0.781 1.000

26 0.672 0.661 0.701 0.706 0.785 0.712 0.763 0.734 0.768 1.000

27 0.608 0.645 0.669 0.639 0.693 0.651 0.663 0.722 0.705 0.687 1.000

28 0.661 0.638 0.622 0.650 0.661 0.644 0.627 0.645 0.712 0.695 0.771 1.000

29 0.684 0.672 0.701 0.740 0.774 0.723 0.729 0.740 0.735 0.695 0.711 0.684 1.000

30 0.651 0.663 0.669 0.651 0.663 0.681 0.687 0.627 0.687 0.711 0.658 0.705 0.645 1.000

31 0.644 0.689 0.650 0.723 0.712 0.729 0.701 0.710 0.729 0.655 0.675 0.689 0.836 0.681 1.000

32 0.581 0.551 0.527 0.587 0.575 0.623 0.587 0.547 0.587 0.605 0.545 0.617 0.677 0.583 0.647 1.000

Dy, ¢ Tiny Moon’ ; 2: ‘ Tiny Rocket’; 3. *Tiny Padhye’; 4. ‘Tiny Bee’; 5: ‘Tiny Ghost’; 6. ‘ Yellow Pearl’; 7. ‘Sweet Valley’; 8.
‘Dynamix’ ; 9: ‘Mingo Orange’ ; 10: ‘Summer Sky’ ; 11: ‘Summer Snow’ ; 12: ‘Sweet Sugar’ ; 13 ‘Eyeliner’ ; 14 ‘ Acumen’ ; 15. ‘ Mistery
Dream’ ; 16: *Siberia’; 17: ‘Sorbone’; 18:. ‘Sunny Azores’; 19: * After Eight’; 20: °Sunny Martinique’; 21: ‘ Lotus Wonder’ ; 22.
‘Lsabella’ ; 23 ‘Snowboard’ ; 24; ‘ Monica’ ; 25; ‘Aisha’; 26; ‘ White Eyes’ ; 27: ‘ Exotic Sun’ ; 28: ‘Conca D’ or’ ; 29; ‘Palazzo’ ; 30:

‘Zambesi’ ; 31: ‘Robina’ ; 32; ‘Friso’.
Tiny Moon
Tiny Rocket
1

a Yellow Pearl
Tiny Ghost
Sweet Valley
Mingo Orange
Summer Snow
Sweet Sugar
Eyeliner

Ib Dyanmix

T Acumen
Mistery Dream
Summer Sky
Ic T Tiny Padhye
Tiny Bee
Sorbone
Siberia

Sunny Azores
After Eight
Sunny Martinique

Lotus Wonder
E Snowboard
White Eyes
Ma Monica
— e
Lsabella

| Palazzo
1Robina

—  Exotic Sun

_‘ L ConcaDor

Zambesi

Friso

0.46 0.56 0.65 0.74 0.84
WIEHIELZEL Genetic similarity coefficient

b

Bl 1 ET SRAPFRZH 32 M E R @ME UPGMA REE
Fig. 1 UPGMA clustering diagram of 32 Lilium spp. cultivars based on SRAP markers
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i, BJE T A FI LA FA 2880 3 260 AL 17 b
Fir, )8 F O F OT H &R &R . 7E GS fH 2l 0.632
b ZEHE T T HE—2E 0 3 AR, 2EHE 1T A) i —
Lok 2 AW WERE T a 27 ¢ Tiny Moon” |
‘Tiny Rocket’ . ‘ Yellow Pearl’ Fll‘ Tiny Ghost” 4 /i
MOEIR T A A AR WRAE [ b A5 ¢ Sweet
Valley’ | ¢ Mingo Orange’ | ‘ Summer Snow’ | ‘ Sweet
Sugar’ | ‘ Eyeliner’ | ‘ Dynamix’ | * Acumen’ | ‘ Mistery
Dream’ Fl ¢ Summer Sky’ 9 @ F, #1)& F LA A &4
FAR W I ¢ A% ¢ Tiny Padhye’ il ¢ Tiny Bee’
2R, ¥R T A HAARM AR R T a /5
‘ Sorbone ’ | ¢ Siberia ’ |, ¢ Sunny Azores’ ., ‘ After
Eight > |  Sunny Martinique ’, ‘ Lotus Wonder ’ |
* Snowboard ” | ¢ White Eyes’ | ‘ Monica’ | ‘ Aisha’ |
‘ Lsabella’ | ¢ Palazzo’ . ‘ Robina’ | ¢ Exotic Sun’ .

“Conca D’ or’ . Zambesi’ 16 I fifh, J&F O M OT &

100 bp

BAMAR IR I b AL Friso” 1 AN, J& T
OT HEFIZR,
2.3 IEQEEHE

FEGR L W 17 XEZ S, 51 MELT -
EMS8 Al 32 AN EH A iAo & X, ot 32 M E A
i A DNA B9 25 UL 2, 25 R BoR . T35
ME11-EM8 ¥ 3 1 (1 32 /4~ E & &L Fi a9 DNA 373 %
G, 7] TR R A

VERES Y MET1-EMS8 734t 19 18 /N8 i B i
PR EE 32 N A b I DNA 5 80El i
ZAMES B DNA 7 B B4 5 oy 75,110,126
146 158 170,176 187,197 216,217 238 257 .277 .
293,304,359 #1410 bp, 255K WLIE 3, GitZs R Es .
19 ME11-EMS §" 34 ) 18 A 2 M 447, Il 2t
2 A Eh R SR S S A R AR P= 172" 45
SRS B E R SR 99.99%

M. DL2000 DNA marker. 1: ‘Tiny Moon’ ; 2. ‘Tiny Rocket’ ; 3: ‘Tiny Padhye’ ; 4. ‘Tiny Bee’ ; 5. ‘Tiny Ghost’ ; 6: ‘ Yellow Pearl’ ; 7. ‘Sweet
Valley’ ; 8: ‘Dynamix’ ; 9: ‘Mingo Orange’ ; 10; ‘Summer Sky’ ; 11: ‘Summer Snow’ ; 12 ‘Sweet Sugar’ ; 13: ‘Eyeliner’ ; 14. ‘ Acumen’; 15:
‘ Mistery Dream’ ; 16 ‘Siberia’ ; 17 * Sorbone’; 18: ‘ Sunny Azores’; 19 * After Eight’; 20: ‘Sunny Martinique’ ; 21; * Lotus Wonder’ ; 22.
‘Lsabella’ ; 23 ‘Snowboard’ ; 24; ‘ Monica’ ; 25; ‘ Aisha’; 26: ‘ White Eyes’; 27; ‘ Exotic Sun’; 28: ‘Conca D’ or’; 29. ‘ Palazzo’; 30;

‘Zambesi’ ; 31: ‘Robina’ ; 32 ‘Friso’.

E2 3% ME11-EMS X 32 B & & DNA fi 48
Fig. 2 Amplification result of 32 Lilium spp. cultivars with primer ME11-EM8
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1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Locus

ME11-EM8-410 [ | _

ME11-EM8-359
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Fig. 3 DNA fingerprinting of 32 Lilium spp. cultivars constructed by amplification result of primer ME11-EM8
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